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Abstract. The 11th edition of the Competition on Software Verification
(SV-COMP 2022) provides the largest ever overview of tools for software
verification. The competition is an annual comparative evaluation of fully
automatic software verifiers for C and Java programs. The objective is
to provide an overview of the state of the art in terms of effectiveness
and efficiency of software verification, establish standards, provide a
platform for exchange to developers of such tools, educate PhD students
on reproducibility approaches and benchmarking, and provide computing
resources to developers that do not have access to compute clusters. The
competition consisted of 15648 verification tasks for C programs and
586 verification tasks for Java programs. Each verification task consisted
of a program and a property (reachability, memory safety, overflows,
termination). The new category on data-race detection was introduced as
demonstration category. SV-COMP 2022 had 47 participating verification
systems from 33 teams from 11 countries.
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1 Introduction

This report is the 2022 edition of the series of competition reports (see footnote)
that accompanies the competition, by explaining the process and rules, giving
insights into some aspects of the competition (this time the focus is on trouble
shooting and reproducing results on a small scale), and, most importantly,
reporting the results of the comparative evaluation. The 11th Competition on
Software Verification (SV-COMP, https://sv—comp.sosy—lab.org/2022) is the largest
comparative evaluation ever in this area. The objectives of the competitions were
discussed earlier (1-4 [16]) and extended over the years (5-6 [17]):

1. provide an overview of the state of the art in software-verification technology
and increase visibility of the most recent software verifiers,

This report extends previous reports on SV-COMP [10,11,12, 13,14, 15,16, 17, 18].
Reproduction packages are available on Zenodo (see Table 4).
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2. establish a repository of software-verification tasks that is publicly available
for free use as standard benchmark suite for evaluating verification software,

3. establish standards that make it possible to compare different verification
tools, including a property language and formats for the results,

4. accelerate the transfer of new verification technology to industrial practice
by identifying the strengths of the various verifiers on a diverse set of tasks,

5. educate PhD students and others on performing reproducible benchmarking,
packaging tools, and running robust and accurate research experiments, and

6. provide research teams that do not have sufficient computing resources with
the opportunity to obtain experimental results on large benchmark sets.

The SV-COMP 2020 report [17] discusses the achievements of the SV-COMP
competition so far with respect to these objectives.

Related Competitions. There are many competitions in the area of formal
methods [9], because it is well-understood that competitions are a fair and
accurate means to execute a comparative evaluation with involvement of the
developing teams. We refer to a previous report [17] for a more detailed discussion
and give here only the references to the most related competitions [20, 53, 67].

Quick Summary of Changes. While we try to keep the setup of the compe-
tition stable, there are always improvements and developments. For the 2022
edition, the following changes were made:

e A demonstration category on data-race detection was added. Due to several
participating verification tools, this category will become a normal main
category in SV-COMP 2023. The results are outlined in Sect. 5.

e New verification tasks were added, with an increase in C from 15201 in 2021
to 15648 in 2022 and in Java from 473 in 2021 to 586 in 2022, combined
with ongoing efforts on quality improvement.

2 Organization, Definitions, Formats, and Rules

Procedure. The overall organization of the competition did not change in
comparison to the earlier editions [10,11,12,13,14,15,16,17,18]. SV-COMP is
an open competition (also known as comparative evaluation), where all verification
tasks are known before the submission of the participating verifiers, which is
necessary due to the complexity of the C language. The procedure is partitioned
into the benchmark submission phase, the training phase, and the evaluation
phase. The participants received the results of their verifier continuously via
e-mail (for preruns and the final competition run), and the results were publicly
announced on the competition web site after the teams inspected them.

Competition Jury. Traditionally, the competition jury consists of the chair and
one member of each participating team; the team-representing members circulate
every year after the candidate-submission deadline. This committee reviews
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the competition contribution papers and helps the organizer with resolving any
disputes that might occur (from competition report of SV-COMP 2013 [11]).
In more detail, the tasks of the jury consist of the following:

e The jury oversees the process and ensures transparency, fairness, and com-
munity involvement.

e Each jury member who participates in the competition is assigned a number
of (3 or 4) submissions (papers and systems) to review.

e Participating systems are reviewed to determine whether they fulfill the
requirements for verifier archives, based on the archives submitted to the
repository.

e Teams and paper submissions are reviewed to verify the requirements for
qualification, based on the submission data and paper in EasyChair and the
results of the qualification runs.

e Some qualified competition candidates are selected to publish (in the LNCS
proceedings of TACAS) a contribution paper that gives an overview of the
participating system.

e The jury helps the organizer with discussing and resolving any disputes that
might occur.

e Jury members adhere to the deadlines with all the duties.

The team representatives of the competition jury are listed in Table 5.

License Requirements. Starting 2018, SV-COMP required that the verifier
must be publicly available for download and has a license that

(i) allows reproduction and evaluation by anybody (incl. results publication),
(ii) does not restrict the usage of the verifier output (log files, witnesses), and
(iii) allows any kind of (re-)distribution of the unmodified verifier archive.

Two exceptions were made to allow minor incompatibilities for commercial
participants: The jury felt that the rule “allows any kind of (re-)distribution of the
unmodified verifier archive” is too broad. The idea of the rule was to maximize
the possibilities for reproduction. Starting with SV-COMP 2023, this license
requirement shall be changed to “allows (re-)distribution of the unmodified
verifier archive via SV-COMP repositories and archives”.

Validation of Results. The validation of the verification results was done
by eleven validation tools, which are listed in Table 1, including references to
literature. Four new validators support the competition:

e There are two new validators for the C language: DARTAGNAN """ supports
result validation for violation witnesses in category ConcurrencySafety-Main.
SymBIOTIC-WITCH supports result validation for violation witnesses in
categories ReachSafety, MemSafety, and NoOverflows.

e For the first time, there are validators for the Java language: GWit"*" and
Wir4Java " support result validation for violation witnesses in category
ReachSafety-Java.


https://github.com/hernanponcedeleon/Dat3M
https://github.com/staticafi/symbiotic
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https://github.com/Anthonysdu/wit4java
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Table 1: Tools for witness-based result validation (validators) and witness linter

Validator

Reference Representative

Affiliation

CPACHECKER

[25,26,28] Thomas Bunk

LMU Munich, Germany

CPA-w2T [27] Thomas Lemberger LMU Munich, Germany
DARTAGNAN [89] Hernan Ponce de Leén Bundeswehr U., Germany
CPROVER-W2T [27] Michael Tautschnig Queen Mary U. London, UK
GWiT [68] Falk Howar TU Dortmund U., Germany
METAVAL [33] Martin Spiessl LMU Munich, Germany
NITWIT [105] Jana (Philipp) Berger RWTH Aachen, Germany
SymeroTic-Wrten " [6] Paulina Ayaziova Masaryk U., Brno, Czechia
UAUTOMIZER [25,26] Daniel Dietsch U. of Freiburg, Germany
WirdJava [108] Tong Wu U. of Manchester, UK
WITNESSLINT Sven Umbricht LMU Munich, Germany

Table 2: Scoring schema for SV-COMP 2022 (unchanged from 2021 [18])

Reported result

Points

Description

UNKNOWN
FALSE correct

FALSE incorrect
TRUE correct

0
+1

—16
+2

Failure to compute verification result
Violation of property in program was correctly found

and a validator confirmed the result based on a witness

Violation reported but property holds (false alarm)

Program correctly reported to satisfy property
and a validator confirmed the result based on a witness
Incorrect program reported as correct (wrong proof)

TRUE incorrect —32

Task-Definition Format 2.0. SV-COMP 2022 used the task-definition format
in version 2.0. More details can be found in the report for Test-Comp 2021 [19].

Properties. Please see the 2015 competition report [13] for the definition of the
properties and the property format. All specifications used in SV-COMP 2022
are available in the directory c/properties/ of the benchmark repository.

Categories. The (updated) category structure of SV-COMP 2022 is illustrated by
Fig. 1. The categories are also listed in Tables 8, 9, and 10, and described in detail
on the competition web site (https://sv—comp.sosy—lab.org/2022/benchmarks.php).
Compared to the category structure for SV-COMP 2021, we added the sub-
category Termination-BitVectors to category Termination and the sub-category
SoftwareSystems- BusyBox-ReachSafety to category SoftwareSystems.

Scoring Schema and Ranking. The scoring schema of SV-COMP 2022 was the
same as for SV-COMP 2021. Table 2 provides an overview and Fig. 2 visually illus-
trates the score assignment for the reachability property as an example. As before,
the rank of a verifier was decided based on the sum of points (normalized for meta
categories). In case of a tie, the rank was decided based on success run time, which
is the total CPU time over all verification tasks for which the verifier reported
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Fig. 1: Category structure for SV-COMP 2022; category C-FulsificationQOuverall
contains all verification tasks of C-Owverall without Termination; Java-Overall
contains all Java verification tasks; compared to SV-COMP 2021, there is one
new sub-category in Termination and one new sub-categories in SoftwareSystems
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true (witness confirmed)

unconfirmed (false, unknown, or ressources exhausted)

invalid (error in witness syntax)

WITNESS_VALIDATOR

VERIFIER
true-unreach

false-unreach

VERIFIER

unknown

invalid (error in witness syntax)

unconfirmed (true, unknown, or ressources exhausted)

false (witness confirmed)

WITNESS_VALIDATOR

Fig. 2: Visualization of the scoring schema for the reachability property (un-
changed from 2021 [18])

(a) Verification Task (b) Benchmark Definition (c) Tool-Info Module (d) Verifier Archive

(e) Verification Run

(f) Violation
Witness

(f) Correctness

FALSE UNKNOWN TRUE Withess

Fig. 3: Benchmarking components of SV-COMP and competition’s execution flow
(same as for SV-COMP 2020)

a correct verification result. Opt-out from Categories and Score Normalization
for Meta Categories was done as described previously [11] (page 597).

Reproducibility. SV-COMP results must be reproducible, and consequently,
all major components are maintained in public version-control repositories. The
overview of the components is provided in Fig. 3, and the details are given
in Table 3. We refer to the SV-COMP 2016 report [14] for a description of all
components of the SV-COMP organization. There are competition artifacts at
Zenodo (see Table 4) to guarantee their long-term availability and immutability.

Competition Workflow. The workflow of the competition is described in the re-
port for Test-Comp 2021 [19] (SV-COMP and Test-Comp use a similar workflow).



Progress on Software Verification: SV-COMP 2022 7

Table 3: Publicly available components for reproducing SV-COMP 2022

Component Fig. 3 Repository Version
Verification Tasks (a) gitlab.com/sosy-lab/benchmarking/sv-benchmarks Svcomp22
Benchmark Definitions (b) gitlab.com/sosy-lab/sv-comp/bench-defs svcomp22
Tool-Info Modules (C) github.com/sosy-lab/benchexec 3.10
Verifier Archives (d) gitlab.com/sosy-lab/sv-comp/archives-2022 svcomp22
Benchmarking (e) github.com/sosy-lab/benchexec 3.10
Witness Format (f) github.com/sosy-lab/sv-witnesses svcomp22

Table 4: Artifacts published for SV-COMP 2022

Content DOI Reference

Verification Tasks 10.5281/zenodo.5831003  [22]
Competition Results 10.5281/zenodo.5831008  [21]
Verifiers and Validators 10.5281/zenodo.5959149  [24]
Verification Witnesses 10.5281/zenodo.5838498  [23]
BenchExec 10.5281/zenodo.5720267  [106]

3 Reproducing a Verification Run and
Trouble-Shooting Guide

In the following we explain a few steps that are useful to reproduce individual
results and for trouble shooting. It is written from the perspective of a participant.

Step 1: Make Verifier Archive Available. The first action item for a partici-
pant is to submit a merge request to the repository that contains all the verifier
archives (see list of merge requests at GitLab). Typical problems include:

e The fork is not public. This means that the continuous integration (CI)
pipeline results are not visible and the merge request cannot be merged.

e The shared runners are not enabled. This means that the CI pipeline cannot
run and no results will be available.

e Verifier does not provide a version string (and this should not include the
verifier name itself). This means that it is not possible to later determine
which version of the verifier was used for the experiments. Therefore, version
strings are mandatory and are checked by the CI.

e The interface between the execution (with BencuExec) and the verifica-
tion tool can be checked using the procedure decribed in the BENcHEXEC
documentation.’

Step 2: Ensure That Verifier Works on Competition Machines. Once the
CI checks passed and the archive is merged into the official competition repository,
the verifier can be executed on the competition machines on a few verification

1 https://github.com/sosy-lab/benchexec/blob/3.10/doc/tool-integration.md
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tasks. The competition uses the infrastructure VeririerCrLoup, and remote
execution in this compute cloud is possible using CoVeriTEaM [29]. CoOVERITEAM
is a tool for constructing cooperative verification tools from existing components,
and the competition is supported by this project since SV-COMP 2021. Among
its many capabilities, it enables remote execution of verification runs directly
on the competition machines, which was found to be a valuable service for
trouble shooting. A description and example invokation for each participating
verifier is available in the CoVeriTEAM documentation (see file doc/competition-
help.md in the CoVerITEAM repository). Competition participants are asked
to execute their tool locally using CoVeriTeam and then remotely on the
competition machines. Typical problems include:

e Verifiers sometimes have insufficient log output, such that it is not possible
to observe what the verifier was executing. The first step towards trouble
shooting is always to ensure some minimal log output.

e The verifier assumes software that is not installed yet. Each verifier states its
dependencies in its documentation. For example, the verifier CBmc specifies
under required-ubuntu-packages that is relies on the Ubuntu packages
gcc and 1libc6-dev-i386 in file benchmark-defs /category-structure.yml in
the repository with the benchmark definitions. This is easy to fix by adding
the dependency in the definition file and get it installed.

e The verifier makes assumptions about the hardware of the machine, e.g.,
selecting a specific processing unit. This can be investigated by running the
verifier in the Docker container and remotely on the competition machines.

e For the above-mentioned purpose, the competition offers a Docker image
that can be used to try out if all required dependencies are available.?

e The competition also provides a list of installed packages, which is important
for ensuring reproducibility.

Step 3: Check Prerun Results. So far, we considered executing individ-
ual verification runs in the Docker container or remotely on the competition
machines. As a service to the participating teams, the competition offers train-
ing runs and provides the results to the teams. Typical checks that teams
perform on the prerun results include:

e Inspect the verification results (solution to the verification task, like TRUE,
FALSE, UNKNOWN, etc.) and log files.

e Inspect the validation results (was the verification result confirmed by a
validator) and the produced verification witnesses.

e Inspect the result of the witness linter. All witnesses should be syntactically
correct according to the witness specification.

e In case the verification result does not match the expected result, investigate
the verifier and the verification task; in case of problems with the verification
task, report to the jury by creating a merge request with a fix or an issue for
discussion in the SV-Benchmarks repository.

2 https://gitlab.com/sosy-lab/benchmarking/competition-scripts/-/tree/svcomp22
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Table 5: Competition candidates with tool references and representing jury members;
for first-time participants, @ for hors-concours participation

Participant Ref. Jury member Affiliation

2Ls [36,81]  Viktor Malik BUT, Brno, Czechia

APROVE [65,100] Jera Hensel RWTH Aachen, Germany
BRICK [37] Lei Bu Nanjing U., China

Csme [75] Michael Tautschnig ~ Queen Mary U. of London, UK
CoasTaL? [102] (hors concours) -

CVT-ALGOSEL [29,30]  (hors concours) -

CVT-ParPorr™"? [29,30]  (hors concours) -

CPA-BAM-ByB?  [3,104]  (hors concours) -

CPA-BAM-SMG Anton Vasilyev ISP RAS, Russia

CPACHECKER [31,49] Thomas Bunk LMU Munich, Germany
CPALockaror?  [4,5] (hors concours) -

CRrux [52,96] Ryan Scott Galois, USA

CSEq [47,71] Emerson Sales Gran Sasso Science Institute, Italy
DARTAGNAN [58,88] Hernan Ponce de Leon U. Bundeswehr Munich, Germany
DEAGLE [62] Fei He Tsinghua U., China

Divine? 8, 76] (hors concours) -

EBr Fatimah Aljaafari U. of Manchester, UK
EsBMc-INcR? [43,46]  (hors concours) -

ESBMO-KIND [56,57] Rafael Sa Menezes U. of Manchester, UK
FramMA-C-SV [34,48] Martin Spiessl LMU Munich, Germany
Gazer-THETA? [1,60] (hors concours) -

GDART [84] Falk Howar TU Dortmund, Germany
GOBLINT [95,103] Simmo Saan U. of Tartu, Estonia
GRraves-CPA [79] Will Leeson U. of Virginia, USA

INFER"YZ [38,73]  (hors concours) -

Java-RANGER [98,99]  Soha Hussein U. of Minnesota, USA

JavyHORN [72,97]  Ali Shamakhi Tehran Inst. Adv. Studies, Iran
JBMC [44,45]  Peter Schrammel U. of Sussex / Diffblue, UK
JDART [80,83] Falk Howar TU Dortmund, Germany

KoRrN [55] Gidon Ernst LMU Munich, Germany

LART [77,78] Henrich Lauko Masaryk U., Brno, Czechia
Lazy-CSeq? [69,70]  (hors concours) -

LOCKSMITH [90] Vesal Vojdani U. of Tartu, Estonia

PESCo [93,94] Cedric Richter U. of Oldenburg, Germany
Pinaka? [41] (hors concours) -

PrEDATORHP? [66,87]  (hors concours) -

SESL Xie Li Academy of Sciences, China
Smack? [61,92]  (hors concours) -

Ser? [85,91]  (hors concours) -

SYMBIOTIC [39,40] Marek Chalupa Masaryk U., Brno, Czechia
THETA [101, 109] Vince Molnar BME Budapest, Hungary
UAUTOMIZER [63,64] Matthias Heizmann  U. of Freiburg, Germany
UGEMCUTTER [74] Dominik Klumpp U. of Freiburg, Germany
UKoJak [64,86] Frank Schiissele U. of Freiburg, Germany
UTAIPAN [61,59] Daniel Dietsch U. of Freiburg, Germany
VERIABS [2,50] Priyanka Darke Tata Consultancy Services, India
VEeRIFUZZ [42,82] Raveendra Kumar M. Tata Consultancy Services, India
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https://github.com/gernst/korn
https://github.com/xlauko/lart
https://github.com/omainv/cseq/releases
http://www.cs.umd.edu/projects/PL/locksmith/
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Table 6: Algorithms and techniques that the participating verification systems used;
"W for first-time participants, © for hors-concours participation
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2LS v v v 7/ v v
APrOVE v/ v v v / v
Brick v /7 v v
CBMC v v v
CoasTaL? v
CVT-ALGOSEL"™™? V V V V V/ v v/ v/ v v/
CVT-PARPORT™7 v vV V V V v v / v v/ v / v v/
CPA-BAM-BNB? v / v v/
CPA-BAM-SMG "%
CPALOCKATOR? a4 v VAR AN AR v
CPACHECKER A AR AR A4 v v/ v v v/ v / v 7/
Crux " v
CSEQ v v v
DARTAGNAN v v v
DEAGLE """
DivINE? v v v v Va4
EBr " v
ESBMC-INCR? v/ v v
EsSBMC-KIND v / v v v
Frama-C-SV v
GAZER-THETA? VA4 v v VAR AR v
GDART """ v v v
GOBLINT v v
GRAVES-CPA " VA4 v v/ v v / v v /Y v / v v
INFER "7 VA4 v
JAVA-RANGER v v
JAYHORN s v v /7
JBMC v v v
JDART v v v
KornN  / v v
LART "™ v v v v
Lazy-CSEQ? v v v

(continues on next page)
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4 Participating Verifiers

The participating verification systems are listed in Table 5. The table contains
the verifier name (with hyperlink), references to papers that describe the systems,
the representing jury member and the affiliation. The listing is also available on
the competition web site at https://sv-comp.sosy-1lab.org/2022/systems.php. Table 6
lists the algorithms and techniques that are used by the verification tools, and
Table 7 gives an overview of commonly used solver libraries and frameworks.

Hors-Concours Participation. There are verification tools that participated
in the comparative evaluation, but did not participate in the rankings. We call
this kind of participation hors concours as these participants cannot participate
in rankings and cannot “win” the competition. Those are either passive or active
participants. Passive participation means that the tools are taken from previous
years of the competition, in order to show progress and compare new tools against
them (Coastar?, CPA-BAM-BNB?, CPALockaToR?, DIVINE?, ESBMC-INCR?,
GazER-THETA?, Lazy-CSEQ?, PiNnakA?, PREDATORHP?, Smack?, Spr?). Active
paritication means that there are teams actively developing the tools, but there
are reasons why those tools should not occur in the rankings. For example, a
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Table 7: Solver libraries and frameworks that are used as components in the participating
verification systems (component is mentioned if used more than three times; "“" for
first-time participants, ? for hors-concours participation

CPACHECKER
EsBMc

JPF

ULTIMATE
JavaSMT
MATHSAT
Cvc4
SMTINTERPOL

Verifier
2Ls
AProVE v
Brick v
CBMC
CoasTaL? v
CVT-ALGOSEL""?
CVT-PArRPORT "™"?
CPA-BAM-BNB?
CPA-BAM-SMG """
CPALOCKATOR?
CPACHECKER

Crux " v
CSEQ Ve v
DARTAGNAN v

DEAGLE ™"
Di1vINE?

EBr ™"
ESBMC-INCR?
EsBMC-KIND
FraMA-C-SV
GAZER-THETA?
GDART """ v

(GGOBLINT

GRAVES-CPA "% v v /

INFER "7

JAVA-RANGER v

JAYHORN

JBMC v v
JDART v

KoORN

LART ™" v
Lazy-CSEQ? v v
LocksmiTha ™"

PeESCo v v /

| CPROVER

73
N NS | MINISAT

AN

NS

NESRNANANEN
NESRNANANEN
ANANENENENEN
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tool might use other tools that participate in the competition on their own,
and comparing such a tool in the ranking could be considered unfair (CVT-
ALGOSEL"""? | CVT-ParPorr"*"?). Also, a tool might produce uncertain results
and the team was not sure if the full potential of the tool can be shown in the
SV-COMP experiments (Inrer"““?). Those participations are marked as ‘hors
concours’ in Table 5 and others, and the names are annotated with a symbol (9).

5 Results and Discussion

The results of the competition represent the the state of the art of what can
be achieved with fully automatic software-verification tools on the given bench-
mark set. We report the effectiveness (number of verification tasks that can
be solved and correctness of the results, as accumulated in the score) and
the efficiency (resource consumption in terms of CPU time and CPU energy).
The results are presented in the same way as in last years, such that the im-
provements compared to last year are easy to identify, except that due to the
number of tools, we have to split the table and put the hors-concours verifiers
into a second results table. The results presented in this report were inspected
and approved by the participating teams.

Computing Resources. The resource limits were the same as in the previous
competitions [14]: Each verification run was limited to 8 processing units (cores),
15 GB of memory, and 15min of CPU time. Witness validation was limited
to 2 processing units, 7 GB of memory, and 1.5 min of CPU time for violation
witnesses and 15min of CPU time for correctness witnesses. The machines
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Table 8: Quantitative overview over all regular results; empty cells are used for opt-outs,
for first-time participants

Verifier

2Ls
AProVE
BRrIick

CBMC

CPA-BAM-SMG

CPACHECKER
CRUX

CSEQ
DARTAGNAN
DEAGLE

EBF
EsBMC-KIND
FramMA-C-SV
GOBLINT
GRravEs-CPA
KorN

LART
LocksMITH
PeSCo

SESL
SyMBIOTIC
THETA
UAUTOMIZER
UGEMCUTTER
UKoiak
UTAIPAN
VERIABS
VERIFUZZ
GDART
Java-RANGER
JavyHoRrRN
JBmMC

JDART

ReachSafety
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JavaOverall
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Table 9: Quantitative overview over all hors-concours results; empty cells represent

opt-outs, for first-time participants, © for hors-concours participation
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for running the experiments are part of a compute cluster that consists of
167 machines; each verification run was executed on an otherwise completely
unloaded, dedicated machine, in order to achieve precise measurements. Each
machine had one Intel Xeon E3-1230 v5 CPU, with 8 processing units each,
a frequency of 3.4 GHz, 33 GB of RAM, and a GNU/Linux operating system
(x86_64-linux, Ubuntu 20.04 with Linux kernel 5.4). We used BencHExEC [32]
to measure and control computing resources (CPU time, memory, CPU energy)
and VERIFIERCLOUD to distribute, install, run, and clean-up verification runs,
and to collect the results. The values for time and energy are accumulated
over all cores of the CPU. To measure the CPU energy, we used CPU ENERGY
MEeTER [35] (integrated in BencHEXEC [32]).

One complete verification execution of the competition consisted of 309 081 ver-
ification runs (each verifier on each verification task of the selected categories
according to the opt-outs), consuming 937 days of CPU time and 249 kWh
of CPU energy (without validation). Witness-based result validation required
1.43 million validation runs (each validator on each verification task for categories
with witness validation, and for each verifier), consuming 708 days of CPU time.
Each tool was executed several times, in order to make sure no installation issues
occur during the execution. Including preruns, the infrastructure managed a


https://gitlab.com/sosy-lab/software/coveriteam
https://gitlab.com/sosy-lab/software/coveriteam
https://cpachecker.sosy-lab.org
https://cpachecker.sosy-lab.org
https://divine.fi.muni.cz/
https://esbmc.org/
https://github.com/ftsrg/gazer
https://fbinfer.com/
https://github.com/omainv/cseq/releases
https://github.com/sbjoshi/Pinaka
https://www.fit.vutbr.cz/research/groups/verifit/tools/predator-hp/
https://smackers.github.io/
https://www.cs.sun.ac.za/coastal
https://github.com/SymbolicPathFinder/jpf-symbc
https://github.com/sosy-lab/benchexec
https://vcloud.sosy-lab.org
https://github.com/sosy-lab/benchexec

16 Dirk Beyer

Table 10: Overview of the top-three verifiers for each category; " for first-time
participants, measurements for CPU time and energy rounded to two significant digits
(“~’ indicates a missing energy value due to a configuration bug)

Rank Verifier Score CPU CPU Solved Unconf. False Wrong
Time Energy Tasks Tasks Alarms Proofs
(in h) (in kWh)

ReachSafety

1 VERIABS 6923 170 1.8 4117 359

2 CPACHECKER 5572 130 1.5 3245 228 4
3 PeSCo 5080 63 0.57 3033 314 7
MemSafety

1 SYMBIOTIC 4051 2.6 0.034 2167 1097

2 CPA-BAM-SMG ™" 3101 7.3 0.064 2975 17

3 CPACHECKER 3057 7.8 0.069 3119 0
ConcurrencySafety

1 DeAGLE"™" 757 0.50 0.0059 517 42

2 CSEQ 655 5.1 0.059 454 50

3 UGEMCUTTER "% 612 4.9 — 445 21
NoOverflows

1 CPACHECKER 531 1.2 0.012 366 3

2 UAUTOMIZER 506 2.0 0.019 356 2

3 UTAIPAN 501 2.2 0.023 355 1
Termination

1 UAUTOMIZER 2552 13 0.12 1581 8

2 APrOVE 2305 38 0.43 1114 37

3 2Ls 2178 2.9 0.025 1163 203
SoftwareSystems

1 SYMBIOTIC 2704 1.2 0.016 1188 73

2 CPACHECKER 809 52 0.60 1660 169 1
3 GRrAVES-CPA ™" 802 19 0.17 1582 95 2 3
FalsificationOverall

1 CPACHECKER 3835 81 0.90 3626 95 5
2 PeSCo 3683 45 0.41 3552 110 9
3 SYMBIOTIC 3274 14 0.18 2295 1191 3
Owverall

1 SyYMBIOTIC 12249 34 0.44 7430 1529 3
2 CPACHECKER 11904 210 2.3 9773 408 14
3 UAUTOMIZER 11802 170 1.7 7948 311 2 2
JavaOverall

1 JDART 714 1.2 0.012 522 0

2 JBMC 700 0.42 0.0039 506 0

3 JAvA-RANGER 670 4.4 0.052 466 0
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Fig. 4: Quantile functions for category C-Overall. Each quantile function illustrates
the quantile (z-coordinate) of the scores obtained by correct verification runs
below a certain run time (y-coordinate). More details were given previously [11].
A logarithmic scale is used for the time range from 1s to 1000s, and a linear
scale is used for the time range between 0s and 1s.

total of 2.85 million verification runs consuming 19 years of CPU time, and 16.3
million validation runs consuming 11 years of CPU time.

Quantitative Results. Tables 8 and 9 present the quantitative overview of
all tools and all categories. Due to the large number of tools, we need to split
the presentation into two tables, one for the verifiers that participate in the
rankings (Table 8), and one for the hors-concours verifiers (Table 9). The head
row mentions the category, the maximal score for the category, and the number
of verification tasks. The tools are listed in alphabetical order; every table
row lists the scores of one verifier. We indicate the top three candidates by
formatting their scores in bold face and in larger font size. An empty table cell
means that the verifier opted-out from the respective main category (perhaps
participating in subcategories only, restricting the evaluation to a specific topic).
More information (including interactive tables, quantile plots for every category,
and also the raw data in XML format) is available on the competition web site
(https ://sv-comp. sosy—lab.org/2022/resu1ts) and in the results artifact (see Table 4).

Table 10 reports the top three verifiers for each category. The run time (column
‘CPU Time’) and energy (column ‘CPU Energy’) refer to successfully solved
verification tasks (column ‘Solved Tasks’). We also report the number of tasks for
which no witness validator was able to confirm the result (column ‘Unconf. Tasks’).
The columns ‘False Alarms’ and ‘Wrong Proofs’ report the number of verification
tasks for which the verifier reported wrong results, i.e., reporting a counterexample
when the property holds (incorrect FALSE) and claiming that the program fulfills
the property although it actually contains a bug (incorrect TRUE), respectively.


https://sv-comp.sosy-lab.org/2022/results
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Table 11: Results of verifiers in demonstration category NoDataRace

Verifier Score Correct true Correct false Incorrect true Incorrect false
CSEq 39 37 61 0 6
DARTAGNAN —299 47 23 13 0
GOBLINT 124 62 0 0 0
LOCKSMITH 34 17 0 0 0
UAUTOMIZER 120 49 54 1 0
UGEMCUTTER 151 57 69 1 0
UKousak 0 0 0 0 0
UTAIPAN 139 56 59 1 0

Score-Based Quantile Functions for Quality Assessment. We use score-
based quantile functions [11,32] because these visualizations make it easier
to understand the results of the comparative evaluation. The results archive
(see Table 4) and the web site (https://sv-comp.sosy-lab.org/2022/results) include
such a plot for each (sub-)category. As an example, we show the plot for category
C-Owverall (all verification tasks) in Fig. 4. A total of 13 verifiers participated in
category C-Qwverall, for which the quantile plot shows the overall performance over
all categories (scores for meta categories are normalized [11]). A more detailed
discussion of score-based quantile plots, including examples of what insights one
can obtain from the plots, is provided in previous competition reports [11, 14].

The winner of the competition, SymeioTic, not only achieves the best cum-
mulative score (graph for Sympioric has the longest width from z = 0 to its right
end), but is also extremely efficient (area below the graph is very small). Verifiers
whose graphs start with a negative commulative score produced wrong results.
Several verifiers whose graphs start with a minimal CPU time larger than 3s
are based on Java and the time is consumed by starting the JVM.

Demo Category NoDataRace. SV-COMP 2022 had a new category on
data-race detection and we report the results in Table 11. The benchmark
set contained a total of 162 verification tasks. The category was defined as
a demonstration category because it was not clear how many verifiers would
participate. Eight verifiers specified the execution for this sub-category in their
benchmark definition® and participated in this demonstration. A detailed table
was generated by BENCHEXEC’s table-generator together with all other results as
well and is available on the competition web site and in the artifact (see Table 4).

The results are presented as a means to show that such a category is useful;
the results do not represent the full potential of the verifiers, as they were not
fully tuned by their developers but handed in for demonstrating abilities only.

Alternative Rankings. The community suggested to report a couple of alterna-
tive rankings that honor different aspects of the verification process as complement
to the official SV-COMP ranking. Table 12 is similar to Table 10, but contains

3 https://gitlab.com/sosy-lab/sv-comp/bench-defs/-/tree/svcomp22/benchmark-defs
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Table 12: Alternative rankings for catagory Overall; quality is given in score
points (sp), CPU time in hours (h), kilo-watt-hours (kWh), wrong results in
errors (E), rank measures in errors per score point (E/sp), joule per score point
(J/sp), and score points (sp)

Rank Verifier Quality CPU CPU Solved Wrong Rank
Time Energy Tasks Results Measure

(sp) (h) (kWh) (E)
Correct Verifiers (E/sp)
1 GOBLINT 1951 49 0.070 1574 0 0
2 UKoJAK 5078 66 0.71 3988 1 .00020
3 SYMBIOTIC 12249 34 0.44 7430 3 .00024
worst (with pos. score) 282 .042
Green Verifiers (J/sp)
1 GOBLINT 1951 4.9 0.070 1574 0 120
2 SYMBIOTIC 12249 34 0.44 7430 3 130
3 Cawme 6733 25 0.27 6479 282 140
worst (with pos. score) 690

)

the alternative ranking categories Correct and Green Verifiers. Column ‘Quality
gives the score in score points, column ‘CPU Time’ the CPU usage of successful
runs in hours, column ‘CPU Energy’ the CPU usage of successful runs in kWh,
column ‘Solved Tasks’ the number of correct results, column ‘Wrong Results’
the sum of false alarms and wrong proofs in number of errors, and column
‘Rank Measure’ gives the measure to determine the alternative rank.

Correct Verifiers — Low Failure Rate. The right-most columns of Table 10
report that the verifiers achieve a high degree of correctness (all top three
verifiers in the C-Overall have less than 2 %o wrong results). The winners of
category Java-QOuverall produced not a single wrong answer. The first category in

) . . : . . . number of incorrect results
Table 12 uses a failure rate as rank measure: max(total score,1) the number

of errors per score point (E/sp). We use E as unit for number of incorrect results
and sp as unit for total score. The worst result was 0.023 E/sp in SV-COMP 2021
and is now at 0.042 E/sp. GoLINT is the best verifier regarding this measure.

Green Verifiers — Low Energy Consumption. Since a large part of the cost of
verification is given by the energy consumption, it might be important to also
consider the energy efficiency. The second category in Table 12 uses the energy

. . . total CPU energy . .
consumption per score point as rank measure: Tax(total score.1) * with the unit J / sp.

The worst result from SV-COMP 2021 was 630 J/sp and is now at 690 J/sp. Also
here, GoBrInT is the best verifier regarding this measure.

New Verifiers. To acknowledge the verification systems that participate for
the first or second time in SV-COMP, Table 13 lists the new verifiers (in
SV-COMP 2021 or SV-COMP 2022).


https://goblint.in.tum.de/
https://ultimate.informatik.uni-freiburg.de
https://github.com/staticafi/symbiotic
https://goblint.in.tum.de/
https://github.com/staticafi/symbiotic
https://www.cprover.org/cbmc/
https://goblint.in.tum.de/
https://goblint.in.tum.de/
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Table 13: New verifiers in SV-COMP 2021 and SV-COMP 2022; column ‘Sub-
categories’ gives the number of executed categories (including demo category

NoDataRace), for first-time participants, @ for hors-concours participation
Verifier Language First Year Sub-categories
CVT-ALGOSEL C 2022 18
CVT-PArRPORT C 2022 35
CPA-BAM-SMG C 2022 16
CRUX C 2022 20
DEAGLE C 2022 1
EBF C 2022 1
Graves-CPA C 2022 35
INFER "V 7 C 2022 25
LART C 2022 22
LocksMITH C 2022 1
SESL C 2022 6
THETA C 2022 13
UGEMCUTTER C 2022 2
Frama-C-SV C 2021 4
GAzER-THETA? C 2021 9
GOBLINT C 2021 25
KoRN C 2021 4
GDART Java 2022 1

Table 14: Confirmation rate of verification witnesses during the evaluation in
SV-COMP 2022; for first-time participants, @ for hors-concours participation

Result TRUE FALSE
Total Confirmed Unconf. Total Confirmed Unconf.

2Ls 2394 2388 99.7% 6 1648 1363 82.7% 285
CBMC 3837 3493 91.0% 344 3536 2986 84.4% 550
CVT-ParPorr™"™? 7440 7083 95.2 % 357 4754 4332 91.1% 422
CPACHECKER 6006 5701 94.9 % 305 4175 4072 97.5% 103
DrviNe? 1692 1672 98.8 % 20 1040 870 83.7% 170
ESBMC-KIND 5542 5483 98.9% 59 3034 2556 84.2% 478
GOBLINT 1657 1574 95.0 % 83 0 0

Graves-CPA 5651 5458 96.6 % 193 3723 3576 96.1 % 147
PreSCo 6155 5734 93.2% 421 4116 3934 95.6 % 182
SYMBIOTIC 4878 4798 98.4 % 80 4081 2632 64.5% 1449
UAUTOMIZER 5751 5591 97.2% 160 2508 2357 94.0% 151
UKouak 2875 2863 99.6 % 12 1144 1125 98.3% 19
UTAIPAN 4567 4513 98.8% 54 1719 1576 91.7% 143

Verifiable Witnesses. Results validation is of primary importance in the
competition. All SV-COMP verifiers are required to justify the result (TRUE
or FALSE) by producing a verification witness (except for those categories for
which no result validator is available). We used ten independently developed
witness-based result validators and one witness linter (see Table 1).
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https://github.com/ftsrg/theta
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Fig. 5: Number of evaluated verifiers for each year (first-time participants on top)

Table 14 shows the confirmed versus unconfirmed results: the first column
lists the verifiers of category C-Qwverall, the three columns for result TRUE reports
the total, confirmed, and unconfirmed number of verification tasks for which the
verifier answered with TRUE, respectively, and the three columns for result FALSE
reports the total, confirmed, and unconfirmed number of verification tasks for
which the verifier answered with FALSE, respectively. More information (for all
verifiers) is given in the detailed tables on the competition web site and in the
results artifact; all verification witnesses are also contained in the witnesses
artifact (see Table 4). The verifiers 2Ls and UKoJsak are the winners in terms of
confirmed results for expected results TRUE and FALSE, respectively. The overall
interpretation is similar to SV-COMP 2020 and 2021 [17,18].

6 Conclusion

The 11th edition of the Competition on Software Verification (SV-COMP 2022)
was the largest ever, with 47 participating verification systems (incl. 14 hors-
concours and 14 new verifiers) (see Fig. 5 for the participation numbers and
Table 5 for the details). The number of result validators was increased from 6 in
2021 to 11 in 2022, to validate the results (Table 1). The number of verification
tasks was increased to 15648 in the C category and to 586 in the Java category,
and a new category on data-race detection was demonstrated. A new section
in this report (Sect. 3) explains steps to reproduce verification results and to
investigate problems during execution, and a new table tried to give an overview of
the usage of common solver libraries and frameworks. The high quality standards
of the TACAS conference, in particular with respect to the important principles
of fairness, community support, and transparency are ensured by a competition
jury in which each participating team had a member. We hope that the broad
overview of verification tools stimulates their further application by an ever
growing user community of formal methods.

Data-Availability Statement. The verification tasks and results of the compe-
tition are published at Zenodo, as described in Table 4. All components and data
that are necessary for reproducing the competition are available in public version
repositories, as specified in Table 3. For easy access, the results are presented
also online on the competition web site https://sv-comp.sosy-lab.org/2022/results.
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https://sv-comp.sosy-lab.org/2022/results
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