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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 ojegdlby the Satisfiability Modulo Theories (SMT) commu-
nity. As with the first two editions, SMT-COMP 2007 was heldsasatellite event of CAV 2007, held July 3-7, 2007.
This paper gives an overview of the rules, competition fdrhanchmarks, participants and results of SMT-COMP
2007.

1 Introduction

Domain-specific procedures or procedures for fragmentedéin logics have become an auspicious alternative to
traditional generic proof-search methods. Even though mea¢-world problems cannot be expressed in such a way
that they are addressable by a unique domain-specific puoegtiey can be decomposed, either manually or automat-
ically, into smaller subproblems for which specific procetuexist. Among these procedures, Satisfiability Modulo
Theories (SMT) tools are increasingly being used, e.qg. fifivation applications [1, 4, 5, 6, 7, 9], mainly due to both
their efficiency and rich input language.

By deciding the satisfiability of a (usually ground) firsder formula modulo a background theory, SMT tools
allow one to more naturally encode problems where domageifip reasoning (e.g., reasoning about numbers, arrays,
lists or other data structures) is essential. This is inre@btwith SAT solvers, which force one to express facts at a
very low level of abstraction, sometimes resulting in lokisrortant structural information and very large encoding
Similarly, SMT tools also have some advantages with regpetcaditional first-order theorem provers: (i) being able
to support theories that do not admit a finite first-order apdatization and (ii) providing efficient decision procedsire
for quantifier-freeformulas modulo decidable background theories. Becauieesé facts, it is increasingly accepted
among theorem prover users that SMT tools provide an extddedance between expressivity and efficiency.

This increase in expressive power greatly complicates éffi@ition of an input language. That makes the evalua-
tion and the comparison of SMT systems a painful task, sirgestations between formats are rather involved even if
one has a precise definition of them, which is not usually #s=c In order to avoid the proliferation of independent
input formats, the SMT-LIB initiative (selettp://www.smtlib.org ) was created in 2003, establishing a com-
mon standard for the specification of benchmarks and of lrackgl theories, very much in the flavor of the TPTP
library [12]. But it was not until the first annual SatisfiatyilModulo Theories Competition (SMT-COMP) in 2005 [2]
that system implementors started to adopt the SMT-LIB laggu As a result, the library has grown from some 1300
benchmarks in 2005, to some 40000 for the 2006 competitihraf8l to some 55000 for the 2007 one. Moreover,
since 2005, all state-of-the-art SMT systems accept the-EMTanguage.

Having served the purpose of being the catalyst for the ussecommon input language, SMT-COMP is still held
annually to achieve its other primary goals: stimulate ttieaace of SMT techniques, which causes the systems to



improve upon last year performances; to become a forum éoexichange of ideas between SMT system implemen-
tors, something done in part in a public session held at th& @brkshop (for more information on the workshop see
http://www.lsi.upc.edu/"oliveras/smt07 ); and to give publicity to all the research done in the SMT
community. For the 2007 edition, two additional concretalgavere achieved, both related to the advance in a con-
crete type of benchmarks. The first one was to substantiahgase the number and quality of bit-vector benchmarks,
which have crucial importance for the verification commynihe second concrete goal was to stimulate SMT sys-
tems to give some support for quantifiers by making publiggilable thousands of quantified industrial verification
benchmarks.

With these goals in mind, SMT-COMP 2007 was held July 3-7,72085 a satellite event of CAV 2007 in
Berlin. The competition was run while CAV 2007 was meetingthe style of the CADE ATP system competi-
tion (CASC) [10, 11]. Solvers were run on a cluster of commutg Washington University in St. Louis, where a
whole new infrastructure had been created to run the cotigpetind show all sorts of intermediate results on a public
screen, thus drawing the attention of CAV attendees. Binailiblic results were announced July 7, in a special CAV
session, and can be accessed at the SMT-COMP welh#ipe/ f/vww.smtcomp.org ).

The rest of this paper describes the competition formaestuproblem divisions, and scripts and execution of
solvers (Section 2); the benchmarks, with emphasis on th@nes, and their selection for the competition (Section 3);
the participants (Section 4) and the final results (Sectjon 5

2 Competition Format
21 Rules

This section summarizes the main rules for the competitir. more details, see the full rules on the SMT-COMP
web site. Competitors did not need to be physically presetiteacompetition to participate or win. Solvers could
be submitted to SMT-COMP 2007 in either source code or bif@myat. The organizers reserved the right not to
accept multiple versions (defined as sharing 50% or moree$thurce code) of the same solver, and also to submit
their own systems. The winners of the 2006 competition watered to rurhors concoursn the 2007 competition.
Special new rules governed the submissionadpper tools which call a solver not written by the submitter of the
wrapper tool. In the end, no wrapper tools were submittedhsese rules were not exercised. Solvers were always
called with a single benchmark in SMT-LIB format, versio,lpresented on their standard input channels. Solvers
were expected to repounsat , sat , or unknown to classify the formula. Timeouts and any other behaviorewer
treated asinknown .

Each correct answer (within the time limit) was wottlpoint. Incorrect answers were penalized witR points.
Responses equivalentamknown were awarde® points. Four wrong answers in any one division was penaliged
disqualification from all divisions of the competition. Iinet event of a tie for the total number of points in a division,
the winner was the tool with the lower CPU time on formulasvithich it reportecsat orunsat .

2.2 Problem Divisions

The following were the divisions for SMT-COMP 2007. Defipitis of the corresponding SMT-LIB logics are available
on the SMT-LIB web site. New in 2007 were two bit-vector digiss: QEBV and QFEAUFBYV. These are described
in more detail in the section on benchmarks.

e QF_UF: uninterpreted functions

e QF_RDL: real difference logic

e QF.IDL: integer difference logic

e QF_UFIDL: integer difference logic with uninterpreted furantis

e QF_LRA: linear real arithmetic



e QF_LIA: linear integer arithmetic

e QF_UFLIA: linear integer arithmetic with uninterpreted furars

e QF_AUFLIA: linear integer arithmetic with uninterpreted fuimans and arrays

e QF_BV: Fixed-width bit-vectors (replaces QBFBV32 from SMT-COMP 2006)

e QF_AUFBYV: Fixed-width bit-vectors with arrays and uninterfwe functions.

e AUFLIA: quantified linear integer arithmetic with unintegied functions and arrays

e AUFLIRA: quantified linear mixed integer/real arithmetidtvuninterpreted functions and arrays

2.3 Scriptsand Execution

SMT-COMP ran on a 10-node cluster of identical machines ashivigton University in St. Louis each with two
2.4Ghz AMD Opteron 250 processors, 1Mb of cache, and 2Gb dfiIRAinning GNU/Linux version 2.6.9-55.EL
(from CentOS 4.5). One of these machines served as queueayararide rest were dedicated to executing solvers
on SMT-LIB benchmarks; despite the available hardware luitifi@s of this cluster, each of the execution hosts was
configured for single-processor, 32-bit processing to enfairness and to match previously published competition
specifications. Solvers submitted in source code formag¢wempiled using GCC version 3.4.6.

A benchmark scramblewvas used to perturb the benchmarks; it obfuscated the nathe benchmark, renamed
all predicate and function symbols, removed comments andtations, and randomly reordered the arguments of
associative-commutative operators. The version of the -ENBTscrambler used for the competition is available for
download on the competition web site.

Sun Grid Enginéwas used to balance the task load between the nine execatité lEach task consisted of all
solvers for the division running a single benchmark on alsiegecution host. This is similar to the approach used in
SMT-COMP 2006, and kept the execution hosts from being idind the competition run.

Each solver’'s use of resources was monitored by a prograedchleeLimitedRun , originally developed
for the CASC competition.TreeLimitedRun  was configured to kill the solver if it exceeded 1800 secorfds o
runtime (30 minutes) or 1.5Gb of memory use. Thieit command was not used to enforce these limits because
it does not take into consideration the time and memory ameslby subprocesses. Although the physical amount of
memory of each machine is 2Gb, the limit 1.5Gb was used tomika the number of page faults.

SMT-COMP results were stored in a mysql datalfass.soon as a solver terminated witsa, unsat or unknown
answer, or timed out, a record was inserted into this databdae competition web site read directly from this
database and thus displayed results as soon as they becaifaélay including newly computed scores. Javascript
was employed to poll periodically for new results and hightithem on the results pages during the competition.

3 Benchmarks

As in previous years, one of the main motivations for SMT-C®RD0O7 was to collect additional SMT benchmarks.
A total of 13263 new benchmarks in 5 divisions were collechrthging the total number of benchmarks for 2007 to
55397.

3.1 Organization of Benchmarks

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

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

http://www.sun.com/software/gridware/
2http://www.mysql.com/



e Thedifficulty of a benchmark is an integer between 0 and 5 inclusive. Asanipus years, the difficulty for a
particular benchmark was assigned by running as many SMEirom the 2006 competition as possible and
using the formula:

solved
total

difficulty = 5(1 — )s

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

e There are four possible categories for a benchmark: chedkstrial, random, and craftedheckbenchmarks
are hand-crafted to check complience with basic featurédsso¥arious divisions. The other categories indicate
whether the source of the benchmark is some real applicétidaostrial), hand-crafted (crafted), or randomly
generated (random).

e The status of a benchmark is eitleat meaning it is satisfiableinsat meaning it is unsatisfiable, onknown
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 meiigvers and checking for agreement. Fortunately,
there has never yet been an issue with an incorrect statimgaducompetition, but to be more careful about this,
one possible future focus for the competition is to prowddfiedbenchmarks: i.e. benchmarks whose status
has been determined by a proof-generating SMT solver @)owhose proof has been independently checked.

3.2 New Benchmarksfor Existing Divisions

New verification benchmarks were obtained in both quantifie’ésions (AUFLIA and AUFLIRA) and in the un-
interpreted functions division (QBF). In addition, one benchmark was reclassified as beingrappropriately in
QF_UFIDL than QELIA. The lack of new benchmarks in the arithmetic divisionasaunfortunate and a focus of
SMT-COMP 2008 will be collecting new benchmarks in thesésitims. Figure 1 lists the number of new benchmarks
in each division (if any) as well as the total number of benahka in each division.

3.3 New Divisions

Two new benchmark divisions were added for SMT-COMP 2007:AQFFBV and QEBV. This was the result of a
major push to bring some challenging and realistic bit-@ebenchmarks into the competition. A significant effort
went into designing the new QBYV theory to include a full set of bit-vector operations (unding division and modulo
operations). The QRRAUFBY division builds on the QBBYV division by adding uninterpreted functions and arrays of
bit-vectors. Some of the benchmarks in these divisions doame SMT-COMP 2006’s QRJFBV32 division. This
division contained three families: beneh crafted, and egt. These were retranslated using the remsi¢l into the
families benchab, crafted, and egt and placed in the appropriate new dingsiThe reason for the name change from
bencha to benchab is that the original source (before translation to SMB-fdrmat) for these benchmarks included
both “a” and “b” sets. The previous bit-vector theory was exjiressive enough to accommodate the “b” benchmarks,
but the new theorieare expressive enough, so these have now been included. Figises 2he new benchmark
families collected for these new divisions together with ttumber of benchmarks in each family and the category of
the benchmark family.

3.4 Selection of Competition Benchmarks

The benchmark selection algorithm was nearly identicdiéoone used in 2006, the main differences in the algorithm
are: up to 200 benchmarks per division may be selected; amdelection of benchmarks from families tries to
maintain a balance of difficulty and status rather than bemgely random. 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 andhard otherwise; a benchmark s&tor unsatbased on itstatusattribute.



Division Benchmark Family | Number of Benchmarks | Benchmark Category
AUFLIA boogie 1254 | industrial
AUFLIA simplify2 2348 | industrial
AUFLIA All 2006 Benchmarks 932 | check, industrial, crafted
AUFLIA Total 4534
AUFLIRA why 1325 | industrial
AUFLIRA All 2006 Benchmarks 26511 | industrial, crafted
AUFLIRA Total 27836
QF_AUFLIA | All 2006 Benchmarks 3729 | check, crafted, industrial
QF.IDL All 2006 Benchmarks 1145 | check, industrial, random, crafte
QF.LRA All 2006 Benchmarks 501 | check, industrial
QF.LIA RTCL -1 | industrial
QF.LIA All 2006 Benchmarks 204 | check, industrial
QF.LIA Total 203
QF_RDL All 2006 Benchmarks 204 | check, industrial, crafted
QF.UF QG-classification 6404 | crafted
QF._.UF All 2006 Benchmarksg 152 | crafted
QF.UF Total 6556
QF_UFIDL RTCL 1 | industrial
QF_UFIDL All 2006 Benchmarksg 399 | check, industrial
QF.UFIDL Total 400
QF_UFLIA All 2006 Benchmarksg 110 | check, industrial
| All Existing | Total | 45218]
Figure 1: Benchmarks in Existing Divisions
Division Benchmark Family | Number of Benchmarks | Benchmark Category
QF_AUFBYV | benchab 122 | industrial
QF.AUFBV | egt 7882 | industrial
QF.AUFBV | platania 124 | industrial
QF.AUFBV | stp 40 | industrial
QF.AUFBV | Total 8168
QF.BV benchab 288 | industrial
QF.BV crafted 22 | crafted
QF.BV spear 1695 | industrial
QF.BV stp 1 | industrial
QF BV tacas07 5 | industrial
QF BV Total 2011
| All New Total 10179 ]

Figure 2: New Benchmarks in New Divisions




2. All benchmarks in theheckcategory are automatically included.

3. The remaining benchmarks in each division are put intolecgen 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-sgtusaat, 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.

4. 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.

5. In order to fill the allocated slots, the pool of benchmaneated in steps 2 and 3 is consulted and partitioned
according to category (i.e. industrial, random, crafte&).attempt is made to randomly fill the allocated slots
for each category with the same number of benchmarks froim ®#z-category (i.e. 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.

4 Participants

There were nine entries in SMT-COMP 2007. With respect to SMOMP 2006, four new systems were submitted
(ArgoLib, Fx7, Spear and Z3) and seven systems particigatir2006 did not enter SMT-COMP 2007 (Ario, CVC,
ExtSAT, HTP, JAT, NuSMV and STP). A brief description of eagfstem is given in the following. For more detailed
information, including references to papers describingccete algorithms and techniques, one can access the full
system descriptions available at the SMT-COMP 2007 web sltee binaries run during the competition for all
solvers are also available there.

ArgoLib v3.5. ArgoLib v3.5 was submitted by Filip Mari¢ and Predrag d#mitom the University of Belgrade,
Serbia. ArgoLib v3.5 is a C++ implementation of the DPI1)(approach, coupling a rational reconstruction of the
SAT solver MiniSAT with two rational linear arithmetic sa@xs, one based on Fourier-Motzkin and another one based
on Yices Simplex algorithm. Problem divisions: L, QF_LRA.

Barcelogic 1.2. Barcelogic 1.2 was submitted by Miquel Bofill, Robert Nieunkeis, Albert Oliveras, Enric
Rodriguez-Carbonell and Albert Rubio from the TechnicaiMdrsity of Catalonia, Barcelona. Barcelogic 1.2 is a C++
implementation of the DPLIT) framework. Problem divisions: QBF, QFIDL, QF_RDL, QF UFIDL, QF_LRA,
QF_LIA and QF.UFLIA.

CVC31.2. CVC31.2isajoint project of New York University and the Ueigity of lowa. The project leaders are
Clark Barrett (NYU) and Cesare Tinelli (lowa). Major codentidbutions have been made by Clark Barrett, Alexan-
der Fuchs (lowa), Yeting Ge (NYU) and Dejan Jovanovic (NYBj)oblem divisions: QRJF, QF.LRA, QF_LIA,
QF_UFLIA, QF_AUFLIA, AUFLIA and AUFLIRA.

Fx7. Fx7 was submitted by Michal Moskal from the University of Wlaw, Poland, with contributions from Jakub
Lopuszanhski, from the same institution. Fx7 is implemditethe Nemerle language and is designed for software ver-
ification queries, which make heavy use of quantifiers. Td @éh quantifiers, Fx7 implements two novel matching
algorithms. Problem divisions: AUFLIA.

MathSAT 4. MathSAT 4 was submitted by Roberto Bruttomesso, Alessaf@imatti and Anders Franzén from
FBK-IRST, Trento, and Alberto Griggio and Roberto Sebasfieom Universita di Trento, Italy. MathSAT 4 is a C++
implementation of the standard “online” lazy integratichema used in many SMT tools. Problem divisions_ Qi
QF.IDL, QF_RDL, QF.UFIDL, QF_LRA, QF_LIA and QF.UFLIA.



Sateen. Sateen was submitted by Hyondeuk Kim, HoonSang Kin and Fabinenzi from the University of Col-
orado at Boulder. Sateen is a C implementation of the lazyogm to SMT that relies on incremental refinements of
a propositional abstraction of the given formula duringenemeration of its solutions. Problem divisions: (UH..

Spear v1.9. Spear v1.9 was submitted by Domagoj Babi¢ from the Unitewsi British Columbia. Spear is a
theorem prover for bit-vector arithmetic that translates input formula into a propositional one that is then sent to
the core of Spear, a simple lightweight DPLL SAT solver. Beabdivisions: QEBV.

Yices1.0.10. Yices 1.0.10 was submitted by Bruno Dutertre from SRI Irégional. Yices is a C++ implementation
that integrates a modern DPLL-based SAT solver with a cogerthsolver (handling equalities and uninterpreted
functions) and satellite solvers (for arithmetic, arraygjes, etc.). Problem divisions: all.

Z30.1. Z30.1was submitted by Nikolaj Bjgrner and Leonardo de Mduman Microsoft Research. Z3 is a C++ im-
plementation, similar in spirit to Yices, but it also incorates an E-matching abstract machine to deal with quasstifie
and model-based theory combination techniques. Probleisiatis: all.

5 Results

The results for each division are summarized in Figures Guiin 28 starting on page 10. More detailed results are
available on the SMT-COMP web sitettp://www.smtcomp.org/

Raw results are reported for each division. Further, eaglsidn has two types of associated graphs: a “cactus”
graph and a scatter graph. The cactus graph sorts a solag’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 compelsetwveen the winner and runner-up in each division.
This demonstrates how advanced the winning solver is fremétarest competitor. For divisions that ran last year, a
second scatter plot compares of last year’'s winner withytaés’s winner on this year’s competition benchmarks; this
demonstrates any improvement over last year's tbéfsthe scatter plots, representsatinstances, and represents
unsatinstances. For interactive versions of these scatter filatolor-code benchmark families for easy correlation,
please view the clickable division results pageltgi://www.smtcomp.org/

5.1 Description of anomalous and surprising results

In the QRUFLIA, QF_UFIDL, QF_LRA, QF_LIA, and QFAUFLIA divisions, the 2006 winner, Yices 1.0, beat the
new entries for the 2007 competition. As stated above, 2G86evs rarhors concoursand so were not eligible to
win.

In the bit-vector divisions, a patched version of Z3 was sitiieith after the submission deadline and inclutieds
concours This version included a fixed version of a third-party arittic library that caused the original submission
to report an incorrect answer on one benchmark selecteafopetition.

In QF_BV, Spear v.1.9 was resubmitted after the submission deadlith the same binary file but with different
command-line arguments. The second submission was ada@ptehors concourparticipant.

In QF_LIA, CVC3 1.2 reported a wrong answer on one of the scrambé&atbmarks selected for competition due
to a suspected bug.

In the AUFLIA and AUFLIRA divisions, nesatinstances were discovered by the solvers (all solvers iditligion
timed out or reportednknownanswers for theatinstances selected for competition).

3There were two tying winners of the SMT-COMP 2006 AUFLIRAidion, and therefore two such scatter plots.



5.2 Description of unknown results

In QF_RDL, ArgoLib v3.5 reported 48nknowranswers. These resulted from a variety of problems irskiskenxa2
andscheduling  benchmark families, including segmentation faults, mgnexhaustion, and the inability to parse
a scrambled benchmark.

In QF_IDL, Sateen gave anonknownresult (an error message) on the scrambled version ofahipsat/
Ipsat-goal-20.smt benchmark. The authors confirmed that this was due to a coaserbug uncovered by the
scrambled benchmark.

Also in QFIDL, MathSAT 4.0’s two unknownanswers were due to segmentation faults on the benchmarks
gueens _bench/toroidal _bench/toroidal _queen97-1.smt andqueens _bench/toroidal _bench/
toroidal _queenl100-1.smt

The submitted version of CVC3 1.2 had a problem in the logat thispatches to its QERA solver; this caused
CVC3 1.2 to crash on all competition-selected QIRA benchmarks (though there were cases out-of-compietitiat
did not crash CVC3 1.2). A patched version of CVC3 1.2, a amesgource change, was included in the results listing
hors concoursThe patched version gave 88knownanswers in the division; these were due to memory exhaustion

CVC3 1.2's 30unknownanswers in QH.IA and 34 in QFRAUFLIA appear to be due to memory exhaustion.

In QF_LIA, Barcelogic 1.2 terminated with a segmentation fault Averest/parallel _prefix _sum/
ParallelPrefixSum _safe _blmc007.smt ; MathSAT 4.0 aborted (silently) with &IGABRT on CIRC/
multiplier _prime/MULTIPLIER _PRIME_32.msat.smt

In QF_BV, the two Spear submissions reportedarknownanswer orstp/testcasel5.stp.smt due to
memory exhaustion.

In QFLAUFBYV, the Z3 solver submissions (patched and unpatchedl) egported threenknownanswers due to
memory exhaustion.

Also in QF.AUFBY, Yices reported 18inknownanswers, all due to memory exhaustion.

In AUFLIA, Z3 0.1 and Fx7 reported unknowns but did not appgeasrash. CVC3 1.2 ran out of memory on 11
benchmarks, reported unknown (without crashing) on 8, gaveutput at all on two, and errored silently on three.
Yices 1.0.10 ran out of memory on 12 and reported an unknosuitréwvithout crashing) on 4. Yices 1.0 reported
unknown (without crashing) on 64 and crashed on one.

In AUFLIRA, CVC3 1.2 reported unknown (without crashing) ®nZ3 0.1 reported unknown (without crashing)
on three and ran out of memory on four. Yices 1.0.10 reportédhawn (without crashing) on three and ran out
of memory on one. Yices 1.0 gave no output on one benchmaakhed on two, and reported unknown (without
crashing) on 7. CVC3 (from SMT-COMP 2006) crashed on oneg¢ gevoutput on 10, reported unknown (without
crashing) on 6, and got a terminal floating-point except®IGEPE) on one.

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 erroufsas segfaults or C+std::bad _alloc exceptions) and
dutifully reported “unknown” instead of (observably) chagg.
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10
1r
01 / £ | | | |
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
Z30.1 198 27713 | 98 100 0 2 0
Yices 1.0.10 197 1083.3| 97 100 0 3 0
Barcelogic 1.2 197 1833.1| 97 100 0 3 0
MathSAT 4.0 197 3258.8| 97 100 0 3 0
CVvC31.2 186 | 12604.2 | 87 99 0 14 0
Yices 1.0,2006 winner| 197 12045 | 97 100 0 3 0

Figure 3: Results in the QBF division.
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Figure 4: 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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CPU time (s)

180

100000 [ T L T T T T T T
Yices 1.0.10 — =
Z30.1 --o-
Yices 1.0, 2006 winner &
MathSAT 4.0 ---*---
L Barcelogic 1.2 ---x--- _
10000 ArgoLib v3.5 —— f_,;' 1
1000 | 5
100 -
10 -
1r .
o
) o
01 / X’ B: | | | | |
0 20 40 60 80 100 120 140 160
Number of correctly solved benchmarks
Solver Score| Time (s) | Unsat Sat| Unknown | Timeout Wrong
Yices 1.0.10 168 | 11464.6| 112 56 0 1 0
Z30.1 167 83145 | 111 56 0 2 0
MathSAT 4.0 164 88135 | 110 54 0 5 0
Barcelogic 1.2 164 89815 | 111 53 0 5 0
ArgoLibv3.5 101 | 156394 | 68 33 43 25 0
Yices 1.0,2006 winner| 167 | 10086.8 | 111 56 0 2 0

Figure 5: Results in the QRDL division.
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Figure 6: 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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CPU time (s)

200

100000 [ T T T T T T T T
72301 ---o---
Yices 1.0, 2006 winner &
Yices 1.0.10 ——=—-
Sateen ---*---
L MathSAT 4.0 ———x--- _
10000 Barcelogic 1.2 —+— . 1
1000 .
100 -
10 -
1r .
0.1 L I |
0 20 40 60 80 100 120 140 160 180
Number of correctly solved benchmarks
Solver Score| Time (s) | Unsat Sat| Unknown | Timeout Wrong
Z30.1 184 5936.5| 91 93 0 19 0
Yices 1.0.10 184 90279 | 91 93 0 19 0
Sateen 183 5629.2| 91 92 1 19 0
MathSAT 4.0 180 3627.3| 87 93 2 21 0
Barcelogic 1.2 179 | 119746 86 93 0 24 0
Yices 1.0,2006 winner| 184 87255 | 91 93 0 19 0

14

Figure 7: Results in the QL division.
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Figure 8: 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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CPU time (s)

100000

10000

1000

100 |

[EnY
T
3 X%

T
Yices 1.0, 2006 winner ---*---
Yices 1.0.10 &
Z301 ——=—
Barcelogic 1.2 —+—
MathSAT 4.0 ---x---

=
0.1 ‘ 1 - 1 1 1
0 50 100 150 200
Number of correctly solved benchmarks
Solver Score| Time (s) | Unsat Sat| Unknown | Timeout Wrong
Yices 1.0.10 201 850.3| 106 95 0 2 0
Z30.1 201 1528.7| 106 95 0 2 0
Barcelogic 1.2 201 26255 | 106 95 0 2 0
MathSAT 4.0 198 | 102114 | 104 94 0 5 0
Yices 1.0,2006 winner| 201 848.6 | 106 95 0 2 0

Figure 9: Results in the QBFIDL division.
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Figure 10: Benchmark comparisons of (above) the top twoeratdrs in the QRJFIDL division this year, and
(below) last year’s and this year's winners.
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CPU time (s)

10000 T T T T
I Yices 1.0, 2006 winner & f
Yices 1.0.10 — = .
Barcelogic 1.2 —— X %
MathSAT 4.0 - *--- o
7301 --o- s o
1000 | CVC3 1.2 - v > .
100 | .
10 ]
1r ]
0.1 J */ 1 1 1 z - .
0 20 40 60 80 100
Number of correctly solved benchmarks
Solver Score| Time (s) | Unsat Sat| Unknown | Timeout Wrong
Yices 1.0.10 110 174.9 27 83 0 0 0
Barcelogic 1.2 110 | 1049.3 27 83 0 0 0
MathSAT 4.0 110 | 2992.6 27 83 0 0 0
Z30.1 108 | 1341.2 25 83 0 2 0
CvC31.2 71 | 7148.3 20 51 0 39 0
Yices 1.0,2006 winner| 110 154.3 27 83 0 0 0

Figure 11: Results in the QBFLIA division.
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Figure 12: 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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CPU time (s)

100000 r T T T
Yices 1.0, 2006 winner ——a—-—
Yices 1.0.10 ---o---
Z30.1 - -e---
Barcelogic 1.2 ---x---
L MathSAT 4.0 8- _
10000 ArgoLib v3.5 —— R T
CVC3 1.2 (patched) ---x--- £ &
1000 -
100 -
10 ¢ 7
1r .
0.1 b ue 1 1 1
0 50 100 150 200
Number of correctly solved benchmarks
Solver Score| Time (s) | Unsat Sat| Unknown | Timeout Wrong
Yices 1.0.10 201 4612.2 | 100 101 0 1 0
Z30.1 201 6147.3| 100 101 0 1 0
Barcelogic 1.2 198 | 21510.2| 98 100 0 4 0
MathSAT 4.0 194 | 104979 | 95 99 0 8 0
ArgoLib v3.5 168 | 21272.2| 73 95 0 34 0
CVvC31.2 0 0.0 0 0 202 0 0
Yices 1.0,2006 winner| 201 4609.3 | 100 101 0 1 0
CVC3 1.2 (patched) 109 84153 | 49 60 30 63 0

Figure 13: Results in the QERA division.
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Figure 14: 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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CPU time (s)

100000 T T T T T T T T T
Yices 1.0, 2006 winner &
Yices 1.0.10 ——=—-
Z30.1 ---o--
Barcelogic 1.2 —+—
L MathSAT 4.0 ---*--- _
10000 CVC31.2 % » 1
*
*
*
1000 -
100 -
10 -
1r .
01 4 . L L e 1 L L L L
0 20 40 60 80 100 120 140 160 180
Number of correctly solved benchmarks
Solver Score| Time (s) | Unsat Sat| Unknown | Timeout Wrong
Yices 1.0.10 186 1108.7 | 132 54 0 17 0
Z30.1 186 14727 132 54 0 17 0
Barcelogic 1.2 183 3501.5| 131 52 1 19 0
MathSAT 4.0 182 6588.4 | 130 52 1 20 0
CVvC31.2 144 | 10406.1| 114 38 30 20 1
Yices 1.0,2006 winner| 186 11074 | 132 54 0 17 0

Figure 15: Results in the QEIA division.
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Figure 16: 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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CPU time (s)

250

10000 T T
I Yices 1.0, 2006 winner ---x---
Yices 1.0.10 ---x*---
Z30.1 ~-a---
CvC31.2 —+—
1000 _
100 | .
10 -
1r ]
0.1 '
0 50 100 150 200
Number of correctly solved benchmarks
Solver Score| Time (s) | Unsat Sat| Unknown | Timeout Wrong
Yices 1.0.10 206 960.1 113 93 0 0 0
Z30.1 206 | 1240.0 113 93 0 0 0
CvC31.2 169 | 3999.9 95 74 34 3 0
Yices 1.0,2006 winner| 206 371.7 113 93 0 0 0

Figure 17: Results in the QRUFLIA division.
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Figure 18: 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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CPU time (s)

100000 r T - T 1 T T T T
Z3 0.1 (fixed BV), resubmission —-—a-—
Spear v1.9 (fh-1-2) ——
Spear v1.9 (sw-v), alt. submission ---x---
r Z30.1 8-
10000 | Yices 1.0.10 ---x*--- f .
1000 +
100
10 |
1F
0.1 1 1 1 m\ 1 1 1 1 1 1
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
Spear v1.9 (th-1-2) 199 2933.1| 38 161 1 0 0
Z30.1 191 4069.0 | 37 162 0 0 1
Yices 1.0.10 180 | 12113.0|, 38 142 0 20 0
Z3 0.1 (fixed BV),resubmission | 200 4069.0| 38 162 0 0 0
Spear v1.9 (sw-vjlt. submission 199 2948.8| 38 161 1 0 0

Figure 19: Results in the QBV division.
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Figure 20: A benchmark comparison of the top two contendetké QEBYV division. This division is new in this
year’s competition.
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CPU time (s)

200

10000 T T T T
' Z3 0.1 (fixed BV), resubmission ---*---
Z30.1 ——x—
Yices 1.0.10 —+— ¥
*
1000 ;ZL .
£
100 | .
£
32‘
10 -
1r ]
*
£
X
0.1 ! ! ! ! [ *l ! ! ! !
0 20 40 60 80 100 120 140 160 180
Number of correctly solved benchmarks
Solver Score| Time (s) | Unsat Sat| Unknown | Timeout Wrong
Z30.1 187 | 3344.2 74 113 3 10 0
Yices 1.0.10 137 | 4383.5 58 79 13 50 0
Z3 0.1 (fixed BV),resubmission 187 | 3338.8 74 113 3 10 0

Figure 21: Results in the QRUFBYV division.
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Figure 22: A benchmark comparison of the top two contendetsé QFAUFBYV division. This division is hew in
this year’s competition.
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CPU time (s)

10000 [

Z3 Ol.l — -

FX7 ---x--- 7
CVC31.2 —+— o
Yices 1.0.10 -~ &
Yices 1.0, 2006 winner ------ ﬁ.;:-" y
1000 4
100 .
10 .
<
L
X
1H .
u ]
! [T X
ol E‘E ;{ i:
o * '
n % ¥
01 | DI S | | .z | | | | |
0 20 40 60 80 100 120 140 160 180
Number of correctly solved benchmarks
Solver Score| Time (s) | Unsat Sat| Unknown | Timeout Wrong
Z30.1 191 169.2 191 0 9 1 0
Fx7 191 | 1348.0 191 0 10 0 0
CvC31.2 169 | 1719.7 169 0 24 8 0
Yices 1.0.10 165 | 5342.0 165 0 16 20 0
Yices 1.0,2006 winner| 126 59.0 126 0 65 10 0

Figure 23: Results in the AUFLIA division.
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Figure 24: Benchmark comparisons of (above) the top twoeratdrs in the AUFLIA division this year, and (be-
low) last year’s and this year’s winners.
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CPU time (s)

100

' ' cve3i12

X

Z301 ——=-

Yices 1.0.10 -8
Yices 1.0, 2006 winner ---*---
CVC3 (2006), 2006 winner —+—

200

10 |
]
X
X
*
*
#
x
Ol | | | | | | | | )'/
0 20 40 60 80 100 120 140 160
Number of correctly solved benchmarks
Solver Score| Time (s) | Unsat Sat| Unknown | Timeout Wrong
CVvC31.2 193 | 27.3 193 0 7 0 0
Z30.1 193 | 77.7 193 0 7 0 0
Yices 1.0.10 192 2.9 192 0 4 4 0
Yices 1.0,2006 winner 190 | 15.6 190 0 10 0 0
CVC3 (2006),2006 winner| 182 3.4 182 0 18 0 0

Figure 25: Results in the AUFLIRA division.
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Figure 26: 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 27: A benchmark comparison of this year’s and last'y@dnner in the AUFLIRA division.
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Figure 28: A benchmark comparison of last year’s co-winparghis year's competition benchmarks in the AUFLIRA
division.
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