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Abstract

The Satisfiability Modulo Theories Competition (SMT-COMP RN annual competition aimed at stimulating the
advance of the state-of-the-art techniques and tools ojgedl by the Satisfiability Modulo Theories (SMT) com-
munity. As with the first three editions, SMT-COMP 2008 wad$dhes a satellite event of CAV 2008, held July
7-14, 2008. This report gives an overview of the rules, cditipe format, benchmarks, participants and results of
SMT-COMP 2008.

1 Introduction

In a wide variety of applications, domain-specific reasgniarns out to be crucial for the success of automated
reasoning tools. A paradigmatic example is the one of agtiemeasoning: in planning applications, for example, it
comes in handy when forcing that the number of resourcesucoed at a certain time does not exceed a given limit,
and, similarly, in placement problems it might be helpfulemiimposing some given distances between certain objects.
In some other applications, like software or hardware \a@&ifon, what matters is modular arithmetic due to the
finiteness of the numbers representable in a computer, wdghcause overflows undetectable using plain arithmetic.
But arithmetic reasoning alone does not always suffice, ag/rapplications also require to reason about sets, lists,
gueues or even reachability between nodes in a given graplh naoreover, all this domain-specific information is
typically surrounded by a big amount of boolean connectives

A successful way to tackle these type of problems is to cashths Satisfiability Modulo Theories (SMT) for-
mulas, where the goal is to decide the satisfiability of amgifrmula modulo a background theory, like, e.g. linear
arithmetic, modular arithmetic, sets or lists. SMT allowsedo encode these problems in a very natural and compact
way, preventing the formula from blowing up or losing img@ont structural information. After the encoding is done,
one may decide, depending on the problem, to solve it via acteuh to SAT, a translation into a simpler background
theory, combining a SAT solver with several dedicated theoivers, or even axiomatizing (part of) the theory and
using first-order reasoning methods.

In order to evaluate and facilitate the proliferation ofelient SMT approaches, algorithms and implementations,
the SMT-LIB initiative (seéttp://www.smtlib.org ) was created in 2003, establishing a common standard for
the specification of benchmarks and of background thedrassyily inspired by the TPTP library [6]. Also influenced
by the well-known success of the SAT competition for SAT sobv(seénttp://www.satcompetition.org )
and the CASC competition for first-order theorem provers (gtp://www.cs.miami.edu/"tptp/CASC/ ),



in 2005 the first Satisfiability Modulo Theories CompetitiMT-COMP) was held. As a first immediate conse-
guence, the SMT-LIB format was supported by all state-efdnt SMT solvers, hence simplifying the task of com-
paring different solvers and avoiding the annoying and darated task of converting benchmarks between different
formats. Partly due to this common format, the number ofexddid benchmarks has grown from some 1300 bench-
marks in 2005, to some 40000 for the 2006 competition [1],cme 55000 in 2007 [2], and to over 60000 for the
2008 onét

But increasing the number of benchmarks in the SMT-LIB lifpria not the ultimate goal of SMT-COMP. Other
more important goals are to facilitate newcomers to enteatlea by creating divisions for which developing an SMT
solver is not very complicated, but also to get closer to teds of potential users by creating divisions with higher
expressive power or simulating frequent situations thigean the real user of SMT solvers. In this latter direction,
SMT-COMP 2008 included the division AUFLIp, in which benchmarks contained some hints added by users
arising from extra knowledge they have about that particotablem, as it may happen in practice. This variety of
different goals has produced an important increase in theoeun of divisions in the competition, which started with 7
divisions in 2005 and had 15 divisions in the 2008 edition.

With these and several other goals in mind, SMT-COMP 2008hedd July 7—14, 2008, as a satellite event of
CAV 2008 in Princeton. The competition was run while CAV 20@8s meeting, in the style of the CADE ATP system
competition (CASC) [4, 5]. Solvers were run on a cluster ahpaters at Washington University in St. Louis, where
a whole new infrastructure had been created to run the catiopah 2007 and show intermediate results on a public
screen, drawing the attention of CAV attendees. Finallylipuresults were announced July 13, in a special CAV
session, and can be accessed at the SMT-COMP welh#ipe/ f/vww.smtcomp.org ).

After a brief discussion of what was new in 2008 (Section B§, test of this report describes the competition
format: rules, problem divisions, and scripts and executibsolvers (Section 3); the benchmarks, with emphasis
on the new ones, and their selection for the competitiont{@ed); the participants (Section 5) and the final results
(Section 6).

2 Novelties in 2008

This section briefly indicates what was new in 2008 from th@72€ompetition. Results for 2008 are not described in
this section, but rather in Section 6.

2.1 Rules & format

Binary submissions have always been welcome at SMT-COMBS Bfarked the first year that SMT-COMP specif-
ically recognizedopen-sourcesolvers during its awards ceremony. While there was no affSMT-COMP track
restricted only to open-source entrants, the best opereasagolver in each division (whether it was the overall winne
or not) was mentioned during the awards ceremony.

It was decided for 2008 to retire theasiestof the SMT-LIB benchmarks. As such, those benchmarksadhat
2007 solvers could solve correctly in less than 30 seconds generally not considered for selection in the 2008
competition. Full details of benchmark selection for 2008aiscussed in Section 4.4.

During the CAV meeting, the organizers of SMT-COMP detemdiearly that the competition was requiring too
long and would not finish by the end of the conference week sisatk As such, competition divisions were re-ordered
so that competition divisions more “interesting” to the egoomity executed first (new divisions, divisions containing
new entrants, and divisions in which the winner was most dairg. Further, timeouts on some competition divisions
were lowered to finish the competition more quickly. The migncause of this increase in runtime over previous years
was the retirement of the very easy benchmarks as desciiloee a

For additional details about the format and rules of SMT-G®)bke Section 3.

1specifically, these counts include only competition divisi of SMT-LIB, excluding the AUFNIRA combined logic contirig non-linear
arithmetic, nor the retired QEFBV32 bit-vector logic.



2.2 Benchmarks

Two new divisions were introduced for the 2008 competitiQR,AX (extensional theory of arrays) and QF-LRA
(the combined theory of uninterpreted functions and lineat arithmetic). QFAX contained only recategorized
benchmarks from (see Section 4), but was notable this yesorags entrants had performed significant work since
2007 on their array solvers. QBFLRA contained 900 new, randomly-generated benchmarks.

The AUFLIA division for the 2008 competition was split intd&LIA +p and AUFLIA—p.? These divisions pull
from the same pool of SMT-LIB benchmarks, the AUFLIA coliect However, in the AUFLIA-p division, SMT-LIB
‘pat annotations were stripped from the benchmarks (at the tirbermchmark scrambling), and in AUFLHAp they
were left in for the solvers to exploit. To support this, thenbhmark scrambler in use for the 2008 competition (see
Section 3.3) was extended to permit the scrambling of thesetations (where previously it always stripped them).

Initially, the organizers intended to treat AUFLIRA sintilato AUFLIA [+—]p; however, at the time of the com-
petition there were ngpat annotations in AUFLIRA, so such a segregation into two diris would have served no
purpose.

Many new benchmarks since 2007 (6147 in total) were part of-ENB 2008 competition divisions; see Section 4
for details.

2.3 Participating solvers

For full details on SMT-COMP 2008 participants, see Sechion

There were thirteen entries in SMT-COMP 2008, comparedte im 2007. There were six new systems submitted
(Alt-Ergo, Beaver, Boolector, CL-Sat, OpenSMT, and SWORDMo systems that entered SMT-COMP 2007 did not
enter the 2008 competition (ArgoLib and Fx7). The seven comsystems between the two years were Barcelogic,
CVC3, MathSat, Sateen, Spear, Yices, and Z3, though manyestthad been considerably updated, or rewritten
entirely, since the time of the 2007 competition.

Of these tools, Alt-Ergo, Beaver, CL-Sat, CVC3, and OpenSv& open-source solvers.

3 Competition format

This section describes the rules, divisions, and executfoastructure of the competition.

3.1 Rules

Here we summarize the main rules for the competition. Forendetails, see the full rules on the SMT-COMP web
site. Competitors did not need to be physically presentattimpetition to participate or win. Solvers were submitted
to SMT-COMP 2008 by way of the SMT-Exec solver execution erin binary format. The organizers reserved the
right not to accept multiple versions (defined as sharing B0#ore of the source code) of the same solver, and also to
submit their own systems. The winners of each division ofD@7 competition were entered to rhars concoursn

their respective divisions of the 2008 competition. Spleciles governed the submissionwfapper tools which calll

a solver not written by the submitter of the wrapper tool.Ha &nd, no wrapper tools were submitted, so these rules
were not exercised. Solvers were always called with a sibgfehmark in SMT-LIB format, version 1.2, presented
on their standard input channels. Solvers were expectegptrtunsat , sat , orunknown to classify the formula.
Timeouts and any other behavior were treatedrdgiown answers.

Each correct answer (within the time limit) was wottlpoint. Incorrect answers were penalized witR points.
Responses equivalentimknown were awarded points. Four wrong answers in any one division were pendlze
disqualification fromall divisions of the competition. In the event of a tie for theatatumber of points in a division,
the winner was the tool with the lower CPU time on formulasvitrich it reportecsat orunsat .

2In this report, we refer to the combined AUFLIA divisions asBLIA [+—]p.



3.2 Problem divisions

The following were the divisions for SMT-COMP 2008. Definitis of the corresponding SMT-LIB logics are available
on the SMT-LIB web site. New in 2008 were an array division, &K, and the new combined division QBFLRA.
Also this year AUFLIA was split into AUFLIA-p (leaving the:pat annotations in benchmarks) and AUFL}A
(stripping them) These are described in more detail in the section on bendsmar

e QF_UF: uninterpreted functions

e QF RDL: real difference logic

e QF.IDL: integer difference logic

e QF_ BV: Fixed-width bit-vectors

e QF AUFBYV: Fixed-width bit-vectors with arrays and uninterfee functions.
e QF_UFIDL: integer difference logic with uninterpreted furantis

o QF_AX: Arrays with extensionality

AUFLIA +p: quantified linear integer arithmetic with uninterpretaddtions and arrays (witipat annotations)

AUFLIA —p: quantified linear integer arithmetic with uninterpretaddtions and arrays (npat annotations)

AUFLIRA: quantified linear mixed integer/real arithmetidkvuninterpreted functions and arrays

QF_AUFLIA: linear integer arithmetic with uninterpreted fuiians and arrays
e QF_UFLRA: linear real arithmetic with uninterpreted funct®n

e QF_UFLIA: linear integer arithmetic with uninterpreted furats

e QF_LRA: linear real arithmetic

e QF_LIA: linear integer arithmetic

The first five divisions ran with a timeout of 30 minutes, thafiten with a timeout of 20 minutes.

3.3 Scripts and execution

SMT-COMP ran on theSMT-Execexecution service, a ten-node cluster of identical maghatéWashington Uni-
versity in St. Louis each with two 2.4Ghz AMD Opteron 250 gssors, 1Mb of cache, and 2Gb of RAM, running
GNU/Linux version 2.6.9-55.EL (from CentOS 4.5). SMT-Exssrves as a year-round execution service and exper-
iment platform for SMT solvers; immediately before and dgrthe annual competition, the public service is taken
down to devote the cluster to running the competition. Thapetition uses the same hardware and software infras-
tructure, in essence running the competition as a publipéarment” consisting of all the competing solvers. One of
these machines served as queue manager. The rest wereeldtlicaxecuting solvers on SMT-LIB benchmarks; de-
spite the available hardware capabilities of this clugtach of the execution hosts was configured for single-psoces
32-bit processing to ensure fairness and to match previqugblished competition specifications.

A benchmark scramblewras used to perturb the benchmarks; it obfuscated the nathe benchmark, renamed
all predicate and function symbols, removed comments andtations (except fapat annotation in the AUFLIA-p
division), and randomly reordered the arguments of asteetaommutative operators. The version of the SMT-LIB
scrambler used for the competition is available for dowdloa the competition web site.

31t was originally intended to split the AUFLIRA division sifarly, as specified in the official rules for the 2008 comiieti, but that division
currently contains no such annotations.



Sun Grid Enginéwas used to balance the task load between the nine exectits HEach task consisted of all
solvers for the division running a single benchmark on alsiegecution host. This is similar to the approach used in
the past for SMT-COMP, and kept the execution hosts fromgoigile during the competition run.

Each solver’s use of resources was monitored by a progrdeddakeeLimitedRun , originally developed for
the CASC competitionTreeLimitedRun  was configured to kill the solver if it exceeded the tim&art1.5Gb of
memory use. Thelimit command was not used to enforce these limits because it dbéske into consideration
the time and memory consumed by subprocesses. Althoughntrsical amount of memory of each machine is 2Gb,
a limit of 1.5Gb was utilized (and published prior to comtieti).

SMT-COMP results were stored in a mysql datatfads.soon as a solver terminated witlsat unsat or unknown
answer, or timed out, a result record was inserted into thiglthse. The competition web site read directly from this
database and thus displayed results as soon as they becatablayincluding newly computed scores. Asynchronous
Javascript (AJAX) was employed to poll periodically for nessults and highlight them on the results pages during
the competition.

4 Benchmarks

As in previous years, one of the main motivations for SMT-C®RD08 was to collect additional SMT benchmarks.
A total of 6147 new benchmarks over 11 SMT-LIB logics werdaxtked, bringing the total number of benchmarks
for 2008 to 61544.

4.1 Organization of benchmarks

The benchmarks for the competition were taken from the SNBHibrary of benchmarks. The benchmarks are
organized by division, family, difficulty, category, andsis:

e Benchmarks within each division are divided accordindaimilies A family is a set of benchmarks that are
similar in a significant way and usually come from the sameau

e Thedifficulty of a benchmark is an integer between 0 and 5 inclusive. Aseripus years, the difficulty for
a particular benchmark was assigned by running SMT solvers the 2007 competition with a 10-minute
timeout and using the formula:

difficulty = 5 (1 - SOlved)

total

For new divisions, the difficulty was assigned in a madechocmanner using whatever information was avail-
able.

e There are four possible categories for a benchmetnkck industrial, random andcrafted checkbenchmarks
are hand-crafted to check compliance with basic featuréssofarious divisions. The other categories indicate
whether the source of the benchmark is some real applicétidastrial), hand-crafteddrafted), or randomly
generatedrandon).

e The status of a benchmark is eittsat meaning it is satisfiabl@ijnsat meaning it is unsatisfiable, anknown
meaning that its satisfiability is unknown. For those benatk® for which the status was not included as part of
the benchmark, the status was determined by running meiilvers and checking for agreement. Fortunately,
there has never yet been an issue with an incorrect statimgducompetition, but to be more careful about this,

4http://www.sun.com/software/gridware/

5The timeout for SMT-COMP 2008 was 30 minutes for divisions.QF QF-RDL, QF.IDL, QF_BV, and QEAUFBY, and 20 minutes for
divisions QEUFIDL, QF_AX, AUFLIA +p, AUFLIA —p, AUFLIRA, QF_AUFLIA, QF_UFLRA, QF.UFLIA, QF_LRA, and QFELIA.

Shttp://www.mysql.com/

“These numbers count AUFL[A-—]p benchmarks only once, although internally this same podiesfchmarks is used for both AUFLIA
divisions.



one possible future focus for the competition is to prowdedfied benchmarksi.e. benchmarks whose status
has been determined by a proof-generating SMT sokgr[B]) whose proof has been independently checked.

4.2 New benchmarks for existing divisions

New benchmarks were obtained in almost every division, tig exceptions being QRDL and QEAUFLIA. The
benchmarks came from a wide variety of research groups.k&imii previous years, translation into SMT-LIB for-
mat was done by the submitters, not by the competition orgasi indicating that the SMT-LIB standard can be
successfully used by users as well as developers of SMTrsolve

New benchmarks spanned all three categories (randomedraiftd industrial). Industrial benchmarks came from
a number of applications: software verification (uclidétetonv, sexpr, mathsat/Wisa, nec-smt), hardware verifica-
tion (brummayerbiere2), hybrid systems verification (@ittias), and optimization (miplib). Table 1 lists the new
benchmark families in each division (if any) along with th&ize (number of benchmarks) and category.

4.3 New divisions

Two new benchmark divisions were added for SMT-COMP 2008:AFand QFUFLRA. QF_AX was created by
reclassifying those benchmarks from @QBIFLIA that only make use of the theory of arrays. There wet83.such
benchmarks and this constituted the entirety of theAXHdivision. As shown in Table 1, QRJFLRA was comprised
of new random benchmarks.

4.4 Selection of competition benchmarks

The benchmark selection algorithm was close to the one ns2@li7. It was updated only to “retire” some particularly
easy benchmarks. The algorithm is summarized below.

1. First, each benchmark is categorized as easy-sat, essy;tard-sat, or hard-unsat as follows: a benchmark is
easyif it has difficulty 2 or less anthard otherwise; a benchmark g&ator unsatbased on itstatusattribute. Of
courseunknownstatus benchmarks are never eligible for inclusion.

2. All benchmarks in theheckcategory are automatically included.

3. New in 2008:The most difficult 300 non-check non-unknown benchmarksthalivision are always included,
together with all benchmarks on which at least one 2007 sobguired more than 30 secondbhis had the
effect of retiring “very easy” benchmarks that were solveelvery 2007 solver (and therefore have difficulty 0)
and that all 2007 solvers could solve in less than 30 secamisssdoing so reduced the pool of benchmarks
for the division to less than 300.

4. The remaining benchmarks in each division are put intolecsen pool as follows: for each family, if the
family contains more than 200 benchmarks, then 200 bendtsraae put into the pool. These benchmarks
are randomly selected except that a balance of easy-sgtueaat, hard-sat, and hard-unsat is maintained if
possible. For families with fewer than 200 benchmarks, fithe benchmarks from the family are put into the
pool.

5. Slots are allocated for 200 benchmarks to be selectedtfierpool in each division as follows: 85% slots are
for industrial benchmarks; 10% are for crafted; and 5% aredodom. If there are not enough in one category,
then the balance is provided from the other categories.

6. In order to fill the allocated slots, the pool of benchmaneated in steps 2 and 3 is consulted and partitioned
according to category.€. industrial, random, crafted). An attempt is made to rangditilthe allocated slots
for each category with the same number of benchmarks froim &at-categoryi . easy-sat, easy-unsat, hard-
sat, or hard-unsat). If there are not enough in a sub-catetien its allotment is divided among the other
sub-categories.



Division Benchmark family # new benchmarks | Benchmark category

QF.UF eg.diamond 100 | crafted
total 100 | —

QF.IDL parity 248 | crafted
schedulingIDL 280 | crafted
total 528 | —

QF.BV brummayerbiere 13 | crafted
brummayerbiere2 65 | industrial
uclid/catchconv 414 | industrial
uclid/tcas 2 | industrial
total 494 | —

QF.AUFBV brummayerbiere 293 | crafted
total 293 | -

QF.UFIDL bcnscheduling 13 | crafted
mathsat/EufLaArithmetic/vhard 19 | crafted
total 32| -

AUFLIA[+—]p | sexpr 32 | industrial
total 32| -

AUFLIRA peter 198 | crafted
total 198 | —

QF.UFLRA mathsat/RandomCoupled 400 | random
mathsat/RandomDecoupled 500 | random
total 900 | —

QF.UFLIA mathsat/EufLaArithmetic/hard 17 | crafted
mathsat/EufLaArithmetic/medium 16 | crafted
mathsat/Hash 198 | crafted
mathsat/Wisa 223 | industrial
total 454 | -

QF.LRA miplib 42 | industrial
total 42 | -

QF_LIA nec-smt/large/bftpdogin 361 | industrial
nec-smt/large/checkpass 242 | industrial
nec-smt/large/checkpagsvd 642 | industrial
nec-smt/large/getoption 20 | industrial
nec-smt/large/getoptiadirectories 65 | industrial
nec-smt/large/getoptiagroup 356 | industrial
nec-smt/large/getoptianser 259 | industrial
nec-smt/large/handlesigchld 130 | industrial
nec-smt/large/infrom_list 173 | industrial
nec-smt/large/mygetpwnam 8 | industrial
nec-smt/large/uses_in_group 125 | industrial
nec-smt/med/checkpagsvd 215 | industrial
nec-smt/med/configeadline 28 | industrial
nec-smt/med/getoptiagroup 2 | industrial
nec-smt/med/infrom_list 111 | industrial
nec-smt/med/mygetpwnam 2 | industrial
nec-smt/med/prinfile 6 | industrial
nec-smt/small/checkpagsvd 14 | industrial
nec-smt/small/configeadline 2 | industrial
nec-smt/small/infrom_list 15 | industrial
nec-smt/small/prinfile 4 | industrial
rings 294 | crafted
total 3074 | —

| all new benchmarks 6147 | -

Table 1: New Benchmarks
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5 Participants

There were thirteen entries in SMT-COMP 2008. With respe&WT-COMP 2007, six new systems were submitted
(Alt-Ergo, Beaver, Boolector, CL-Sat, OpenSMT, and SWORDJ two systems participating in 2007 did not enter
SMT-COMP 2008 (ArgoLib and Fx7). A brief description of eagystem follows. For more detailed information,
including references to papers describing concrete algos and techniques, one can access the full system descrip-
tions available at the SMT-COMP 2008 web site. The binanigsduring the competition for all solvers are also
available there.

Alt-Ergo.  Submitted by Sylvain Conchon (LRI, Université Paris-Snd &NRIA Saclaylle-de-France) and Evelyne
Contejean (LRI, CNRS, and INRIA Saclaylle-de-France)-Bigo is an Ocaml implementation of a generic con-
gruence closure algorithm C&{) that provides for a method of theory combination similaSteostak’s approach.
Alt-Ergo includes its own SAT engine.

Problem divisions: AUFLIA-p, AUFLIA —p, AUFLIRA.

Barcelogic 1.3. Submitted by Miquel Bofill (Universitat de Girona) and MorgBeters, Germain Faure, Robert
Nieuwenhuis, Albert Oliveras, Enric Rodriguez-Carbgraatd Albert Rubio (Technical University of Catalonia in
Barcelona), Barcelogic is a DPLL( solver supporting arithmetic and arrays.

Problem divisions: QRJF, QFRDL, QF.IDL, QF_UFIDL, QF_AX, QF_AUFLIA, QF_UFLRA, QF.UFLIA, QF_LRA,
QF.LIA.

Beaver 1.0. Submitted by Susmit Jha, Rhishikesh Limaye, and Sanjit Ahie(UC Berkeley), Beaver is an SMT
solver for the theory of quantifier-free finite-precisiot-béctor arithmetic. Beaver operates by performing a serie
of rewrites and simplifications that transform the startiitgvector arithmetic formula into a Boolean circuit aneith
into a Boolean satisfiability (SAT) problem in CNF.

Problem divisions: QEBV.

Boolector 0.4. Submitted by Robert Brummayer and Armin Biere (Johanneddfdpniversity, Linz, Austria),
Boolector is a decision procedure for the quantifier-fresptly of Bit-vectors, and the quantifier-free extensional
theory of arrays with bit-vectors and uninterpreted fumesi. Additionally, Boolector can be used as a model checker
for word-level safety properties [4]. Boolector is implemed in pure C; Picosat is used as the SAT solver.

Problem divisions: QBYV, QF_ AUFBV.

clsat 0.17f. Submitted by Duckki Oe, Timothy Simpson, Aaron Stump, andyT€idwell (Washington University in

St. Louis), the clsat solver integrates a clauselearning $Aver with a standard graphbased IDL solver. Started as a
class project, it incorporates modern SAT techniquesyitinly watched literals, failuredriven assertions, andlazin
clause simplification.

Problem divisions: QHDL.

CVC31.5. CVC3isajointproject of New York University and the Univiédyof lowa. The project leaders are Clark
Barrett (NYU) and Cesare Tinelli (University of lowa). Codentributions since last year have been made by Clark
Barrett, Yeting Ge (NYU), Dejan Jovanovic (NYU), Alexandarchs (lowa), Lorenzo Platania (University of Genoa),
and Darren Kelley (NYU).

Problem divisionsall.

MathSAT 4.2. MathSAT was submitted by Alessandro Cimatti and Anders #arfrom FBK-IRST, Trento, and
Alberto Griggio and Roberto Sebastiani from University oéfto, Italy. MathSAT is a C++ implementation of the
standard “online” lazy integration schema used in many Sbtilst New this year are support for bit-vectors, an
improved integer linear arithmetic solver, and suppordelayed theory combination.

Problem divisions: QRUF, QF-RDL, QF.IDL, QF_BV, QF_UFIDL, QF.UFLRA, QF.UFLIA, QF_LRA, QF_LIA.



OpenSMT 0.1. Submitted by Roberto Bruttomesso and Natasha Sharyginadtdita della Svizzera Italiana,
Lugano, Switzerland), OpenSMT is a small and open-sourcé& Sbtlver, written in C++, which provides a basic
infrastructure for helping non-experts to develop thesmivers without having to start from scratch. OpenSMT in-
cludes a parser for SMT-LIB language, a state- of-the-afft-Sélver, and a core solver for QF UF logic. An empty,
template theory-solver is provided, to facilitate the depenent of solvers for other logics.

Problem divisions: QRJF.

Sateen 2.1.1. Sateen was submitted by Hyondeuk Kim (University of ColoratiBoulder), Hoonsang Jin (Cadence
Design Systems), and Fabio Somenzi (Colorado at Boulddg) al satisfiability solver that combines a propositional
reasoning engine with theory-specific procedures. It usetaizy approach that relies on incremental refinements of a
propositional abstraction of the given formula during themeration of its solutions.

Problem divisions: QRRDL, QF.IDL.

Spear. Submitted by Domagoj Babic, Spear is a theorem prover tewdxitor arithmetic. It was designed chiefly for
software verification, but also for other industrial prahkg like bounded hardware modelchecking.
Problem divisions: QEBV.

SWORD v0.2. Submitted by Robert Wille, André Siilflow, and Rolf Dredrs{University of Bremen), SWORD is

a SAT-like solver that facilitates word level informatiohe main idea behind SWORD is based on the following
observation: Current SAT solvers perform very well on ins&s with a large number of logic operations. But when
more complex functions like arithmetic units are consideithe performance degrades with increasing data-path
width. In contrast, pure word level approaches hardigarithmetic operations very fast but suffer from complexity
problems when irregularities in the word level structueeg(bit slicing) occur. SWORD uses MiniSat as a SAT
engine.

Problem divisions: QEBV.

Yices2 (proto c). Submitted by Bruno Dutertre (SRI International, Menlo R&tklifornia), this version of Yices 2

is a preliminary prototype of the successor to the Yices 1 SklVer. This new tool will address several limitations of
Yices 1, including typechecking issues and limited funuaility of the Yices API. The new solver supports a simpler
specification language that can be statically typechechddt@rovides a full API to access all functions of the solver
It is intended to offer similar or better performance thaged 1 on most benchmarks, while being more modular,
extensible, and maintain- able.

Problem divisions: QRJF, QFRDL, QF.IDL, QF_LRA.

Z3.2*. Submitted by Leonardo de Moura and Nikolaj Bjgrner (MicfosResearch, Redmond), Z3.4s a new
version of the Z3 solver supporting linear real and integeghmetic, fixed-size bit-vectors, extensional arraysnun
terpreted functions, and quantifiers. It can read problen®MT-LIB and Simplify formats.

Problem divisionsall.

6 Results

The results for each division are summarized in Figures duiiin 30 starting on page 12. More detailed results are
available on the SMT-COMP web sitettp://www.smtcomp.org/

Raw results are reported for each division. Further, eagidin has two types of associated graphs: a “cactus”
graph and a scatter graph. The cactus graph sorts a solasg’sh all its correctly-solved benchmarks in the division
and plots the solver’s cumulative time on the benchmarkssThe solver that reaches the furthest right on the graph
wins (assuming no wrong answers); for solvers tied by thiasuee, the lower of all such solvers (least total time)
wins the division.

The scatter plot shows a benchmark-by-benchmark compelsestsveen the winner and runner-up in each division.
This demonstrates how advanced the winning solver is oserairest competitor. For divisions that ran last year, a



second scatter plot compares last year's winner with thés'yevinner on this year’s competition benchmarks; this
demonstrates improvement (or lack thereof) over last g¢adls. In the scatter plotsrepresentsatinstances, and
representsinsatinstances. For interactive versions of these scatter fiatscolor-code benchmark families for easy
correlation, please view the division results pagdstigt//www.smtcomp.org/

6.1 Description of anomalous and surprising results

This year, there was significant improvement over last geainner in the QEUF, QFBYV, QF_AUFBV, AUFLIRA,
and QFELIA divisions. There was not so much improvementin @BL, QF.IDL, and QFELRA. There was not much
improvement (but also not mualom for improvement) in QRUFIDL, AUFLIA +p, AUFLIA —p, QF.AUFLIA,
QF.UFLIA. QF_AX and QFUFLRA were new in 2008; there was thus no “winner” from the 2@@mpetition to
which to compare the results.

Competing in the quantified competition divisions AUFL#A-]p and AUFLIRA, Alt-Ergo demonstrated incom-
pleteness, incorrectly reporting aatisfiablel7 unsatisfiable instances of AUFLIA+p, 14 unsatisfiableéanses of
AUFLIA-p, and 52 unsatisfiable instances of AUFLIRA. It whaetefore disqualified from the competition as per the
rules. (It is listed separately, in th®rs concoursection of the results, for that reason). For purposes opewison,
an artificial “revision” of Alt-Ergo (appearing as “Alt-Eay(revised)” corrects this incompleteness efrdm. this way
it achieves a positive result, but as this is an after-daadintry it rarhors concouras well.

6.2 Description ofunknown results

Unknownresults from solvers arise for different reasons. A solvaymeportunknownexplicitly, or fail to give a
propersator unsatresponse. In some cases, it is possible to tell the cause ohimowrresponse—the output wasn't
sator unsatbut rather an assertion failure, or a C++ babc exception escaping the program’s top-level. In other
situations, we cannot discern the cause—an explicit respofunknownmay have resulted from a bug or out-of-
memory situation which is caught internally, thereby legwno trace of the cause). In this section we try to detail the
causes, when possible, miknowrresults, based on the detailed solver output logs collediteitig the competition.

e QF_IDL: The clsat solver failed to parse the thignumbenchmarks, categorizetieckciting integer overflow.

e QF_BV: Beaver failed on 20 benchmarks in tbeummayerbiereZamily, trying to open a nonexistent file
(presumably which existed on a development machine). Z3\aithSAT failed on a few of therummayer-
biere/countbitdbenchmarks (presumably running out of memory). SWORD dailith a segmentation fault
on stp/testcasel5.stp.sartdbrummayerbiere/countbits1024.smhis year's Spear failed on lots of theum-
mayerbierdbenchmarks as well as some others (45 parse errors, “Resmxceeded” ostp/testcasel5.stp.smt
and 8 explicit “unknown” responses were observed); last'y&pear (the 2007 winner in this division) failed
on only a subset of these (the same 45 parse errors, out of memstp/testcasel5.stp.9MECVC3 fails on
various benchmarks (2 due to assertion failures, 12 out ofiong).

e QF_AUFBYV: Z3 runs out of memory on a few (the old Z3 failed on 4, and the Aid\2 is slightly better, running
out of memory on only 3); CVC3 failed on many (segmentatiasitfan 4, perhaps out-of-memory related, and
the rest clear memory exhaustion).

e AUFLIA +p: Z3.2 gave no response arisc/set14.snar misc/set9.smand ran out of memory amisc/set19.smt.
Alt-Ergo ran out of memory omisc/set2.smtAll other “unknown” results in this division were due to an-ex
plicit “unknown” reported by the solvers.

e AUFLIA —p: The explanation here is exactly the same as for AURLPA The benchmarks selected for
AUFLIA —p were the same for small benchmark families due to the wayhreadk selection is performed

8|t was “artificial” in that it wasn’t a submission that actlyatan in competition, but rather an adjustment of the datiected from the
disqualified entrant by changing atisfiableresponses by the solver tmknownresponses; it thus simulates how a revised Alt-Ergo may have
placed in competition if it had a wrapper script that chang&ido unknown The time differences reported in the results are due toferdifce in
how times are scoredinknownandtimeoutresults are not counted against a solver’s time, but incbereswers are.

10



for SMT-COMP. However, there were some differences in thechenark make-up for these two similar divi-
sions, and that explains the discrepancies. In particd@reported one additional (explicit) “unknown” on
piVC/piVC849b63.smia benchmark not present in AUFL#Ap.

e AUFLIRA: All unknownreponses in AUFLIRA were explicitly-reported unknownseith were no crashes
or memory-outs in this division. Z3.2 gave 1 explicit “unkm@’ response omisc/set9.smtCVC3 1.5 gave
46 explicit “unknown” responses in several of thasabenchmark families, and also in timeisc and peter
families; CVC3 1.2 (the 2007 winner) reported fewer “unkmai(34), but did so across the same benchmark
families. Alt-Ergo gave no “unknown” responses in AUFLIRKAowever, it reported 83 asatisfiable,52 of
which were in factunsatisfiablgcausing disqualification of the solver from the competi}ioln the revised
Alt-Ergo numbers, which change all satisfiable responséeoEolver to explicit “unknowns”, leading to the
figure of 83 in that row.

e various: Besides those above, CVC3 gave 82 unknown answersiARQRF_AUFLIA, QF_UFLRA, QF.LRA,
and QELIA. These were due to memory exhaustion (in 42 cases), se@tien faults (4), and assertion fail-
ures (36).

It is important to note in the above analyses that the solimarles were treated as black boxes; we made no
attempt to determine if a solver internally caught errouefsas segfaults or C+std::bad _alloc exceptions) and
dutifully reported “unknown” instead of (observably) chagg.
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Figure 1: Results in the QBF division.
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Figure 2: Benchmark comparisons of (above) the top two catges in the QRUF division this year, and (below) last
year’s and this year’s winners.
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Figure 3: Results in the QRDL division.
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Figure 4: Benchmark comparisons of (above) the top two eatges in the QERDL division this year, and (below) last
year’s and this year’s winners.
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Figure 5: Results in the QML division.
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Figure 6: Benchmark comparisons of (above) the top two catges in the QHDL division this year, and (below) last
year’s and this year’s winners.
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Figure 7: Results in the QBV division.
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Figure 9: Results in the QRUFBYV division.

20

180



W/UIT
1.8k
1k
100 e
o .
£ R v v
5 3 N
© B v M.
o 10 v v
o a
[e] M v
m . . R
s A T
1 N I *
x0T
<=0.1 1 10 100 1k 1.8k g
Z3.2 (runner up) ;
W/UIT
1.8k
1k
100
s .
c
£ a7
2 . ‘
s] PO A ‘
g o Ae m
9 10 ras
o
[e]
M \
1 P : -
2X A ’
<=0.1 1 10 100 1k 1.8k g
Z3 0.1 (2007 winner) ;

Figure 10: Benchmark comparisons of (above) the top twoesatdrs in the QRRAUFBYV division this year, and
(below) last year’s and this year's winners.
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Figure 11: Results in the QBFIDL division.
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Figure 12: Benchmark comparisons of (above) the top twoeratdrs in the QRJFIDL division this year, and
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23



CPU time (s)

10000 T T T T
I Barcelogic 1.3 —+—
- 73.2 -
CVC3-1.5 —-—x--- x
| ,xf'
1000 | £
X
- X
XX
X
100 |
10 |
ir
F X
X
X
i ¥
01 | | | L,I | | | | / "
0 20 40 60 80 100 120 140 160 180 200

Number of correctly solved benchmarks

Solver Score | Time (s) Unsat Sat| Unknown | Timeout Wrong
Barcelogic 1.3| 200 135 100 100 0 0 0
Z3.2 200 17.3 100 100 0 0 0
CVC3-1.5 195 2820.2 95 100 4 1 0

Figure 13: Results in the QEX division.
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Figure 15: Results in the AUFLIAp division.
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Figure 16: Benchmark comparisons of (above) the top twoeratdrs in the AUFLIA-p division this year, and
(below) last year’s and this year's winners.
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Figure 17: Results in the AUFLIAp division.
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Figure 18: Benchmark comparisons of (above) the top twoeratdrs in the AUFLIA-p division this year, and
(below) last year’s and this year's winners.
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Figure 19: Results in the AUFLIRA division.
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Figure 20: Benchmark comparisons of (above) the top twoeratdrs in the AUFLIRA division this year, and (be-
low) last year’s and this year’s winners.
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Figure 21: Results in the QRUFLIA division.
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Figure 22: Benchmark comparisons of (above) the top twoeratdrs in the QFRAUFLIA division this year, and
(below) last year’s and this year's winners.
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Figure 23: Results in the QBFLRA division.
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Figure 24: A benchmark comparison of the top two contendeteé QEUFLRA division. This division is new in
this year’s competition.
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Figure 25: Results in the QBFLIA division.
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Figure 26: Benchmark comparisons of (above) the top twoeratdrs in the QRJFLIA division this year, and
(below) last year’s and this year's winners.
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Figure 27: Results in the QERA division.
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Figure 28: Benchmark comparisons of (above) the top twoeratdrs in the QERA division this year, and (be-
low) last year’s and this year’s winners.
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Figure 29: Results in the QEIA division.
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Figure 30: Benchmark comparisons of (above) the top twoeratdrs in the QREIA division this year, and (be-
low) last year’s and this year’s winners.
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