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Abstract. The 13th edition of the Competition on Software Verification
(SV-COMP 2024) was the largest competition of its kind so far: A total
of 76 tools for verification and witness validation were compared. The
competition evaluated 59 verification systems and 17 validation systems
from 34 teams from 12 countries. This yields a good overview of the state
of the art in tools for software verification. The competition was executed
on a benchmark set with 30300 verification tasks for C programs and
587 verification tasks for Java programs. The specifications again included
reachability, memory safety, overflows, and termination. This year was
the second time that the competition had an extra competition track
on witness validation. We introduced a new witness format 2.0, and a
new scoring schema for the validation track. All meta data about the
verification and validation tools are available in the FM-Tools repository.
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Introduction

Check for
updates

This report describes the results of the 2024 edition of SV-COMP, and is an
extension of the series of competition reports (see footnote). We also list important
processes and rules, and give insights into some aspects of the competition. The
13th Competition on Software Verification (https://sv—comp.sosy—lab.org/2024) is
again the largest comparative evaluation ever in this area. The objectives of the
competitions were discussed earlier (1-4 [22]) and extended over the years (5-6 [23]):

1. provide an overview of the state of the art in software-verification technology

and increase visibility of the most recent software verifiers,

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,

This report extends previous reports on SV-COMP [16,17,18, 19, 20, 21, 22,23, 24, 26, 27].
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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,

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

7. conserve tools for formal methods for later reuse by using a standardized
format to announce archives (via DOIs), default options, contacts, competition
participations, and other meta data in a central repository.

The SV-COMP 2020 report [23] discusses the achievements of the SV-COMP
competition so far with respect to these objectives.

Related Competitions. SV-COMP is one of many competitions that measure
progress of research in the are of formal methods [15]. Competitions can lead
to fair and accurate comparative evaluations because of the involvement of the
developing teams. The competitions most related to SV-COMP are RERS [80],
VerifyThis [65], Test-Comp [28], and TermCOMP [73]|. A previous report [23]
provides a more detailed discussion.

Quick Summary of Changes. While we try to keep the setup of the com-
petition stable, there are always improvements and developments. For the 2024
edition, the following changes were made:

e New verification tasks were added, with an increase in C from 23 805 in 2023
to 30300 in 2024.

e Tool archives are now uploaded to Zenodo, instead of GitLab, and the meta
data about the tools are hosted and maintained in the Repository for Formal-
Methods Tools (https://gitlab.com/sosy—1ab/benchmarking/fm—tools).

e The improved witness format version 2.0 [7] (which is based on YAML instead
of GraphML) was used for the first time.

e The scoring schema for the witness validators [44] was changed based on the
2023 community meeting in Paris.

2 Organization, Definitions, Formats, and Rules

Procedure. The overall organization of the competition did not change in com-
parison to the earlier editions [16, 17,18, 19,20, 21,22, 23,24, 26, 27]. 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


https://gitlab.com/sosy-lab/benchmarking/fm-tools
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Table 1: Scoring schema for SV-COMP 2024 (unchanged from 2021 [24])

Reported result  Points Description

UNKNOWN 0 Failure to compute verification result
FALSE correct +1 Violation of property in program was correctly found
and a validator confirmed the result based on a witness
FALSE incorrect —16 Violation reported but property holds (false alarm)
TRUE correct +2 Program correctly reported to satisfy property
and a validator confirmed the result based on a witness
TRUE incorrect —32 Incorrect program reported as correct (wrong proof)

true (witness confirmed) 2

unconfirmed (false, unknown, or ressources exhausted, :

invalid (error in witness syntax)

WITNESS_VALIDATOR

VERIFIER
true-unreach

false-unreach

VERIFIER

invalid (error in witness syntax)

WITNESS_VALIDATOR unconfirmed (true, unknown, or ressources exhausted) 0

false (witness confirmed)

Fig. 1: Visualization of the scoring schema for the reachability property (unchanged
from 2021 [24])

every year after the candidate-submission deadline. This committee reviews the
competition contribution papers and helps the organizer with resolving any
disputes that might occur (cf. competition report of SV-COMP 2013 [17]). The
tasks of the jury were described in more detail in the report of SV-COMP 2022 [26].
The team representatives of the competition jury are listed in Table 5.

Scoring Schema and Ranking. The scoring schema of SV-COMP 2024 was
the same as for SV-COMP 2021. Table 1 provides an overview and Fig. 1 visually
illustrates 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 a correct verification result. Opt-out from Categories and Score
Normalization for Meta Categories was done as described previously [17, page 597].

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),
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Table 2: Publicly available components for reproducing SV-COMP 2024

Component Fig. 3 Repository Version
Verification Tasks (a) gitlab.com/sosy-lab/benchmarking/sv-benchmarks svcomp24
Benchmark Definitions (b) gitlab.com/sosy-lab/sv-comp/bench-defs svcomp24
Tool-Info Modules (C) github.com/sosy-1lab/benchexec 3.21
Verifiers (d) gitlab.com/sosy-lab/benchmarking/fm-tools svcomp24
Benchmarking (e) github.com/sosy-lab/benchexec 3.21
Witness Format (f) gitlab.com/sosy-lab/benchmarking/sv-witnesses 2.0.2
Continuous Integration gitlab.com/sosy-lab/software/coveriteam 1.1

Table 3: Artifacts published for SV-COMP 2024

Content DOI Reference

Verification Tasks 10.5281/zenodo. 10669723 [31]
Competition Results 10.5281/zenodo.10669731  [30]
Verifiers and Validators 10.5281/zenodo.10669735  [29]
Verification Witnesses 10.5281/zenodo.10669737  [32]
BeNcHEXEC 10.5281/zenodo.10671136  [122]
CoVERITEAM 10.5281/zenodo. 10843666 [45]

(ii) does not restrict the usage of the verifier output (log files, witnesses), and
(iii) allows (re-)distribution of the unmodified verifier archive via SV-COMP
repositories and archives.

Task-Definition Format 2.0. SV-COMP 2024 used the task-definition format
in version 2.0. More details can be found in the report for Test-Comp 2021 [25].

Properties. Please see the 2015 competition report [19] for the definition of the
properties and the property format. All specifications used in SV-COMP 2024
are available in the directory c/properties/ of the benchmark repository.

Categories. The community significantly extended the benchmark set for
SV-COMP 2024. The (updated) category structure of SV-COMP 2024 is shown
in Fig. 2. We refer to the previous reports for a description and mention only the
changes here: Compared to SV-COMP 2023, we added two new sub-categories
ReachSafety-Hardness and ReachSafety-Fuzzle to main category ReachSafety. We
restructured main category SoftwareSystems as follows: We removed sub-categories
SoftwareSystems-BusyBoz-ReachSafety,  SoftwareSystems-BusyBox-MemSafety,
and  SoftwareSystems-OpenBSD-MemSafety, and added sub-categories
SoftwareSystems-coreutils-MemSafety,  SoftwareSystems-coreutils-NoQOuverflows,
SoftwareSystems-Other-ReachSafety, and SoftwareSystems-Other-MemSafety.
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/2024/benchmarks.php).

Reproducibility. SV-COMP results must be reproducible, and consequently,
all major components are maintained in public version-control repositories. The
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Fig. 2: Category structure for SV-COMP 2024 (changed from 2023)
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(a) Verification Task (b) Benchmark Definition (c) Tool-Info Module (d) Tool Archive

(e) Verification Run

(f) Violation
Witness

(f) Correctness

FALSE Witness

UNKNOWN TRUE

Fig. 3: Benchmarking components of SV-COMP and competition’s execution flow
(same as for SV-COMP 2020, except that we now download the tool archives
from Zenodo instead of GitLab)

Table 4: Validation: Witness validators and witness linter

Validator Reference Jury Member Affiliation
CoNCURWITNESS2TEST [13] L. Bajczi BME Budapest, Hungary
CPACHECKER [33, 34, 3()] D. Baier LMU Munich, Germany
CPA-WITNESS2TEST [35] T. Lemberger LMU Munich, Germany
DARTAGNAN [106] H. Ponce de Leon Huawei Dresden, Germany

CPROVER-WITNESS2TEST? [35]

(hors concours)

GOBLINT [112] S. Saan U. of Tartu, Estonia
GWIT [81] F. Howar TU Dortmund, Germany
JCWIT Z. Cheng U. of Manchester, UK

LIV [43] M. Spiessl LMU Munich, Germany
METAVAL [41] M. Spiessl LMU Munich, Germany
MoPrsa [99] R. Monat Inria and U. of Lille, France
NITWIT [124] J. (P.) Berger RWTH Aachen, Germany
SymBIoTIC-WITCH 8] P. Ayaziova Masaryk U., Brno, Czechia
UAUTOMIZER [33, 34] M. Heizmann U. of Freiburg, Germany
WIT4JAVA? [123] (hors concours) -

Witch [7,9] P. Ayaziova Masaryk U., Brno, Czechia
WITNESSLINT [7] M. Lingsch-Rosenfeld LMU Munich, Germany

overview of the components is provided in Fig. 3, and the details are given
in Table 2. We refer to the SV-COMP 2016 report [20] for a description of all
components of the SV-COMP organization. There are competition artifacts at
Zenodo (see Table 3) to guarantee their long-term availability and immutability.

Competition Workflow. The workflow of the competition is described in
the report for Test-Comp 2021 [25] (SV-COMP and Test-Comp use a similar
workflow). For a description of how to reproduce single verification runs and a
trouble-shooting guide, we refer to the 2022 report [26, Sect. 3].
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Table 5: Verification: Participating verifiers with tool references and representing jury

members; " for first-time, © for hors-concours (RELAY-SV ™" was not able to qualify)
Participant Ref. Jury member Affiliation

2Ls [46,96] V. Malik BUT, Czechia

AISE " [121] Z. Chen NUDT, China

BRICK [47] L. Bu Nanjing U., China
BuBAAK [49] M. Chalupa ISTA, Austria
BuBAAK-SPLIT ™" [50] M. Chalupa ISTA, Austria

CBMC? [54,91] (h. c.) -

COASTAL? [118] (h. ¢.) -
CoVeriTEAM-ALGSEL?  [37,38] (h. c.) -
CoVErITEAM-PARPORT? [37,38] (h. c.) -

CPACHECKER [10,39] D. Baier LMU Munich, Germany
CPALOCKATOR? [5, 6] (h. c.) -

CPA-BAM-BNB? [4,120]  (h. c.) -

CPA-BAM-SMG? (h. c.) -

CPV "™ [53] P.-C. Chien LMU Munich, Germany
Crux? [64,113] (h. c.) -

CSEQ” [59,85] (h.c.) -

DARTAGNAN [71,105] H. Ponce de Ledén Huawei Dresden, Germany
DEAGLE [76] F. He Tsinghua U., China
DIVINE? [14,92] (h.c.) -

EBF [3] F. Aljaafari U. of Manchester, UK
EMERGENTHETA " [11] L. Bajczi BME Budapest, Hungary
ESBMC-INCR? [55,58] (h.c.) -

ESBMC-KIND [70,97] F. Braufe U. Manchester, UK
FraMA-C-SV [42,60] M. Spiessl LMU Munich, Germany
GAZER-THETA? [1,75] (h. c.) -

GDART [101] F. Howar TU Dortmund, Germany
GDART-LLVM? (h. ¢.) -

GOBLINT [111,119] S. Saan U. Tartu, Estonia
GRrAVES-CPA? [93] (h. ¢.) -

GRAVES-PAR? (h. c.) -

INFER? [48,89] (h.c.) -

JAVA-RANGER? [82,115] (h. c.) -

JAYHORN [88,114] H. Mousavi U. Tehran, TTIAS, Iran
JBMC [56,57]  P. Schrammel U. Sussex / Diftblue, UK
JDaRT? [95,100] (h. c.) -

KORN [67,68] G. Ernst LMU Munich, Germany
Lazy-CSEQ? [83,84] (h.c.) -

LF-CHECKER? (h. c.) -

LOCKSMITH? [107] (h. c.) -

MLB L. Bu Nanjing U., China
MoPSA [87,99] R. Monat Inria and U. Lille, France

(continues on next page)
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https://gitlab.com/mchalupa/bubaak
https://www.cprover.org/cbmc/
https://www.cs.sun.ac.za/coastal
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://cpachecker.sosy-lab.org
https://cpachecker.sosy-lab.org
https://zenodo.org/doi/10.5281/zenodo.10063681
https://crux.galois.com/
https://www.southampton.ac.uk/~gp1y10/cseq/cseq.html
https://github.com/hernanponcedeleon/Dat3M
https://github.com/thufv/Deagle
https://divine.fi.muni.cz/
https://github.com/fatimahkj/EBF
https://github.com/ftsrg/theta
https://esbmc.org/
http://esbmc.org/
https://gitlab.com/sosy-lab/software/frama-c-sv
https://github.com/ftsrg/gazer
https://github.com/tudo-aqua/gdart-svcomp
https://github.com/tudo-aqua/gdart-llvm
https://goblint.in.tum.de/
https://github.com/will-leeson/cpachecker
https://github.com/mgerrard/graves-par
https://fbinfer.com/
https://github.com/vaibhavbsharma/java-ranger
https://github.com/jayhorn/jayhorn
https://github.com/diffblue/cbmc
https://github.com/tudo-aqua/jdart
https://github.com/gernst/korn
https://github.com/omainv/cseq/releases
https://github.com/Anthonysdu/lf-checker
http://www.cs.umd.edu/projects/PL/locksmith/
https://github.com/MLB-SE/Experiment
https://gitlab.com/mopsa/mopsa-analyzer
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Table 5: Competition candidates (continued)
Participant Ref. Jury member Affiliation
PESCo-CPA? [109,110] (h. c.) -
PICHECKER? [116] (h. c.) -
PiNAKA” [52] (h. c.) -
PREDATORHP [79,104] V. Sokova BUT, Czechia
PROTON [98] R. Metta TCS, India
SPF? [102,108] (h. ¢.) -
SV-SANITIZERS S. Saan U. of Tartu, Estonia
SWAT [94] N. Loose U. of Luebeck, Germany
SYMBIOTIC [51,86] M. Jonas Masaryk U., Czechia
THETA [12,117] L. Bajczi BME Budapest, Hungary
UAUTOMIZER [77,78] M. Heizmann U. Freiburg, Germany
UGEMCUTTER [69,90] D. Klumpp U. Freiburg, Germany
UKoJAK [66,103] F. Schiissele U. Freiburg, Germany
UTAIPAN [63,74] D. Dietsch U. Freiburg, Germany
VERIABS [2,61] P. Darke TCS, India
VERIABSL [62] P. Darke TCS, India
VERIOOVER? (h. ¢.) -

Table 6: Algorithms and techniques that the participating verification systems used;
for first-time participants, ? for hors-concours participation
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(continues on next page)


https://github.com/cedricrupb/pesco
https://gitlab.com/Lapulatos/pichecker
https://github.com/sbjoshi/Pinaka
https://www.fit.vutbr.cz/research/groups/verifit/tools/predatorhp/
https://github.com/kumarmadhukar/term
https://github.com/SymbolicPathFinder/jpf-symbc
https://github.com/sim642/sv-sanitizers
https://www.its.uni-luebeck.de/en/research/tools/swat/
https://github.com/staticafi/symbiotic
https://github.com/ftsrg/theta
https://ultimate-pa.org
https://ultimate-pa.org
https://ultimate-pa.org
https://ultimate-pa.org
https://www.tcs.com
https://www.tcs.com
https://github.com/PaperSheeper/VeriOover-SV
https://github.com/diffblue/2ls
https://github.com/ZhenWang233/AISE
https://github.com/brick-tool-dev/BRICK-2.0
https://gitlab.com/mchalupa/bubaak
https://gitlab.com/mchalupa/bubaak
https://www.cprover.org/cbmc/
https://www.cs.sun.ac.za/coastal
https://gitlab.com/sosy-lab/software/coveriteam
https://gitlab.com/sosy-lab/software/coveriteam
https://cpachecker.sosy-lab.org
https://cpachecker.sosy-lab.org

Software Verification and Witness Validation: SV-COMP 2024 307

Table 6: Algorithms and techniques (continued)
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https://fbinfer.com/
https://github.com/vaibhavbsharma/java-ranger
https://github.com/jayhorn/jayhorn
https://github.com/diffblue/cbmc
https://github.com/tudo-aqua/jdart
https://github.com/gernst/korn
https://github.com/omainv/cseq/releases
https://github.com/Anthonysdu/lf-checker
http://www.cs.umd.edu/projects/PL/locksmith/
https://github.com/MLB-SE/Experiment
https://gitlab.com/mopsa/mopsa-analyzer
https://github.com/cedricrupb/pesco
https://gitlab.com/Lapulatos/pichecker
https://github.com/sbjoshi/Pinaka
https://www.fit.vutbr.cz/research/groups/verifit/tools/predatorhp/
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Table 6: Algorithms and techniques (continued)
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UKoJjak v / v v v
UTAIPAN VA4 7 v v v/ v /7
VERIABS v v / v / v/
VERIABSL v 7/ 7/ v/
VERIOOVER?

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)
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(continues on next page)


https://github.com/kumarmadhukar/term
https://github.com/SymbolicPathFinder/jpf-symbc
https://github.com/sim642/sv-sanitizers
https://www.its.uni-luebeck.de/en/research/tools/swat/
https://github.com/staticafi/symbiotic
https://github.com/ftsrg/theta
https://ultimate-pa.org
https://ultimate-pa.org
https://ultimate-pa.org
https://ultimate-pa.org
https://www.tcs.com
https://www.tcs.com
https://github.com/PaperSheeper/VeriOover-SV
https://github.com/diffblue/2ls
https://github.com/ZhenWang233/AISE
https://github.com/brick-tool-dev/BRICK-2.0
https://gitlab.com/mchalupa/bubaak
https://gitlab.com/mchalupa/bubaak
https://www.cprover.org/cbmc/
https://www.cs.sun.ac.za/coastal
https://gitlab.com/sosy-lab/software/coveriteam
https://gitlab.com/sosy-lab/software/coveriteam
https://cpachecker.sosy-lab.org
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Table 7: Solver libraries and frameworks (continued)
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Verifier

CPROVER

EsBMC

JPF

ULTIMATE

Cvc4

SMTINTERPOL

73

MINISAT

APRON

CPALOCKATOR?
CPA-BAM-BNB?
CPA-BAM-SMG?

Crux?
CSEQ?

N\ N\ \| CPACHECKER

NN N JavaSMT

N N N MATHSAT

DARTAGNAN
DEAGLE
DIVINE?
EBF

EMERGENTHETA "%

ESBMC-INCR?
ESBMC-KIND
Frama-C-SV
GAZER-THETA?
GDART

GDARr-LLVM?

GOBLINT
GRravEs-CPA?
GRAVES-PAR?
INFER?

JavA-RANGER?
JAYyHORN
JBMC
JDART?

KorN

Lazy-CSEQ?
LF-CHECKER?
LocksMmITH?
MLB

Mopsa

PESCo-CPA?
PICHECKER?
PINAKAZ
PRrREDATORHP
ProTON"®"

AN

AN

SPF*?

SV-SANITIZERS ™"

(continues on next page)


https://cpachecker.sosy-lab.org
https://cpachecker.sosy-lab.org
https://cpachecker.sosy-lab.org
https://crux.galois.com/
https://www.southampton.ac.uk/~gp1y10/cseq/cseq.html
https://github.com/hernanponcedeleon/Dat3M
https://github.com/thufv/Deagle
https://divine.fi.muni.cz/
https://github.com/fatimahkj/EBF
https://github.com/ftsrg/theta
https://esbmc.org/
http://esbmc.org/
https://gitlab.com/sosy-lab/software/frama-c-sv
https://github.com/ftsrg/gazer
https://github.com/tudo-aqua/gdart-svcomp
https://github.com/tudo-aqua/gdart-llvm
https://goblint.in.tum.de/
https://github.com/will-leeson/cpachecker
https://github.com/mgerrard/graves-par
https://fbinfer.com/
https://github.com/vaibhavbsharma/java-ranger
https://github.com/jayhorn/jayhorn
https://github.com/diffblue/cbmc
https://github.com/tudo-aqua/jdart
https://github.com/gernst/korn
https://github.com/omainv/cseq/releases
https://github.com/Anthonysdu/lf-checker
http://www.cs.umd.edu/projects/PL/locksmith/
https://github.com/MLB-SE/Experiment
https://gitlab.com/mopsa/mopsa-analyzer
https://github.com/cedricrupb/pesco
https://gitlab.com/Lapulatos/pichecker
https://github.com/sbjoshi/Pinaka
https://www.fit.vutbr.cz/research/groups/verifit/tools/predatorhp/
https://github.com/kumarmadhukar/term
https://github.com/SymbolicPathFinder/jpf-symbc
https://github.com/sim642/sv-sanitizers
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Table 7: Solver libraries and frameworks (continued)
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3 Participating Verifiers and Validators

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-lab.org/2024/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.

Validation of Verification Results. The validation of the verification results
was done by 17 validation tools (16 proper witness validators, and one witness
linter for syntax checks), which are listed in Table 4, including references to
literature. The ten witness validators are evaluated based on all verification
witnesses that were produced in the verification track of the competition.

Hors-Concours Participation. As in previous years, we also included verifiers
to the evaluation that did not actively compete or that should not occur in the
rankings for some reasons (e.g., meta verifiers based on other competing tools, or
tools for which the submitting teams were not sure if they show the full potential of
the tool). These participations are called hors concours, as they cannot participate
in rankings and cannot “win” the competition. Those verifiers are marked as ‘hors
concours’ in Table 5 and others, and the names are annotated with a symbol (9).

4 Results of the Verification Track

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 benchmark
set. We report the effectiveness (number of verification tasks that can be solved


https://www.its.uni-luebeck.de/en/research/tools/swat/
https://github.com/staticafi/symbiotic
https://github.com/ftsrg/theta
https://ultimate-pa.org
https://ultimate-pa.org
https://ultimate-pa.org
https://ultimate-pa.org
https://www.tcs.com
https://www.tcs.com
https://github.com/PaperSheeper/VeriOover-SV
https://sv-comp.sosy-lab.org/2024/systems.php
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Table 8: Verification: Quantitative overview over all regular results; empty cells are used
for opt-outs; " for first-time participants; the number of tasks includes invalid tasks
that were excluded from scoring by the jury (details available on web site or in artifact)
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2LS 6000 224 0 5976 1584 10 1311 10564
AISE ™"
BRICK
BuBAAK 3788 1890 11 6465 1481 -1082 -617 12206
BuBaak-SpLIT"" 4692 1312 7 -41374 661 872 1959 -18177
CPACHECKER 10084 1897 2029 8603 1195 7844812 21568
CPV ™" 6330
DARTAGNAN 3547
DEAGLE
EBF 636
EMERGENTHETA " 1178
ESBMC-KIND 8364 2077 1853 8272 1048 -1063 2394 17896
FramMma-C-SV 1098
GDART 616
GOBLINT 2289 1304 2583 7059 890 536 15458
JayHORN 325
JBMC 618
KorN
MLB 676
Mopsa 2241 1516 8063 2197
PrEDATORHP 2321
ProTON"?" 3526
SV-SANITIZERS "®" 290
SWAT "% 566
SYMBIOTIC 7052 2156 238 7370 1258 687 4050 17192
THETA 2119 2354
UAuTomizer 6320 2110 3079 9497 3248 261 3139 26396
UGEMCUTTER 3189
UKoJak 4869 1400 0 7363 0 233 2291 10593
UTAIPAN 5751 2014 2655 9231 0 351 3157 18042
VERIABS 10541

VERIABsL 10735



https://github.com/diffblue/2ls
https://github.com/ZhenWang233/AISE
https://github.com/brick-tool-dev/BRICK-2.0
https://gitlab.com/mchalupa/bubaak
https://gitlab.com/mchalupa/bubaak
https://cpachecker.sosy-lab.org
https://zenodo.org/doi/10.5281/zenodo.10063681
https://github.com/hernanponcedeleon/Dat3M
https://github.com/thufv/Deagle
https://github.com/fatimahkj/EBF
https://github.com/ftsrg/theta
http://esbmc.org/
https://gitlab.com/sosy-lab/software/frama-c-sv
https://github.com/tudo-aqua/gdart-svcomp
https://goblint.in.tum.de/
https://github.com/jayhorn/jayhorn
https://github.com/diffblue/cbmc
https://github.com/gernst/korn
https://github.com/MLB-SE/Experiment
https://gitlab.com/mopsa/mopsa-analyzer
https://www.fit.vutbr.cz/research/groups/verifit/tools/predatorhp/
https://github.com/kumarmadhukar/term
https://github.com/sim642/sv-sanitizers
https://www.its.uni-luebeck.de/en/research/tools/swat/
https://github.com/staticafi/symbiotic
https://github.com/ftsrg/theta
https://ultimate-pa.org
https://ultimate-pa.org
https://ultimate-pa.org
https://ultimate-pa.org
https://www.tcs.com
https://www.tcs.com
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Table 9: Verification: Quantitative overview over all hors-concours results; empty cells
represent opt-outs, © for hors-concours participation; the number of tasks includes invalid
tasks that were excluded from scoring by the jury (details available on web site or in

artifact)
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CE2 B2, 88585, 58, T2y 528 28 8,
S8 § 2% BEod now S5 & 5% 859 9% 98¢
Tom SA3 §A8 25 285 SRS £85 B0 09
Participant IR 528 502 928 587 £ R 45 g28 S
£S5 535 088 Z2% HSR » 38 B3R 635 S8R8
CBMC? 1269 1330 1229 5771 1125 -2569 -3764 8391
COASTAL” -2752
CVT-ALcoSEL? 2635 41
CVT-ParPort? -6152 1655 911 -17812 1289 -1297 -9118 -7545
CPA-BAM-BNB? -2439
CPA-BAM-SMG? 2039 -2804
CPALockKATOR? -4924
Crux? 2066 490
CSEQ”? -12478
DIVINE? 4655 298 390 0 0 76 256 3576
ESBMC-1ncr? 542
GAazer-THETA?
GDART-LLVM?
GRrAvVEs-CPA? 3831 -322 -1538 5470
GRrAVEs-PAR? 876 1627 53 -17650 1256 -2037 -9024 -6731
INFER? -99128 -8289 -73312 -24917
JAvA-RANGER? 398
JDART? 382
LAzy-CSEQ? -15024
LF-cHECKER” 772
LocksMmiTH?
PESCo-CPA? 5814 =76 3247 17315
PICHECKER? 521
Pinaka? 2418 1337 855
SPF? 182

VERIOOVER?

and correctness of the results, as accumulated in the score) and the efficiency
(resource consumption in terms of CPU time). The results are presented in the
same way as in last years, such that the improvements compared to the last
years are easy to identify. The results presented in this report were inspected
and approved by the participating teams.


https://www.cprover.org/cbmc/
https://www.cs.sun.ac.za/coastal
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://cpachecker.sosy-lab.org
https://crux.galois.com/
https://www.southampton.ac.uk/~gp1y10/cseq/cseq.html
https://divine.fi.muni.cz/
https://esbmc.org/
https://github.com/ftsrg/gazer
https://github.com/tudo-aqua/gdart-llvm
https://github.com/will-leeson/cpachecker
https://github.com/mgerrard/graves-par
https://fbinfer.com/
https://github.com/vaibhavbsharma/java-ranger
https://github.com/tudo-aqua/jdart
https://github.com/omainv/cseq/releases
https://github.com/Anthonysdu/lf-checker
http://www.cs.umd.edu/projects/PL/locksmith/
https://github.com/cedricrupb/pesco
https://gitlab.com/Lapulatos/pichecker
https://github.com/sbjoshi/Pinaka
https://github.com/SymbolicPathFinder/jpf-symbc
https://github.com/PaperSheeper/VeriOover-SV
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Table 10: Verification: Overview of the top-three verifiers for each category; values for
CPU time rounded to two significant digits; " for first-time participants

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

ReachSafety

1 VERIABsL 10735 190 7075 1138 2

2 VERIABS 10541 190 6720 1032 1

3 CPACHECKER 10084 200 6468 286 2

MemSafety

1 PREDATORHP 2321 1.2 1823 3 3

2 SYMBIOTIC 2156 0.77 1855 0 5

3 UAUTOMIZER 2110 62 1637 4

ConcurrencySafety

1 DARTAGNAN 3547 14 2086 0 5

2 UGEMCUTTER 3189 32 1851 4 1

3 UAUTOMIZER 3079 28 1791 3 1

NoOverflows

1 UAUTOMIZER 9497 62 4532 2

2 UTAIPAN 9231 66 4420 11 1

3 CPACHECKER 8603 18 5596 192

Termination

1 ProTON """ 3526 19 1888 126 1

2 UAUTOMIZER 3248 18 1631 11

3 2Ls 1584 4.2 1167 201

SoftwareSystems

1 Moprsa 2197 15 2030 0

2 BuBaak-SpLiT "% 872 0.42 480 163 8

3 CPACHECKER 784 43 1756 71

Falsification Overall

1 CPACHECKER 4812 91 4920 218 10

2 SYMBIOTIC 4050 27 4281 191 11

3 UTaAIpAN 3157 33 1602 34 1

Overall

1 UAUTOMIZER 26396 290 13617 114 3 7

2 CPACHECKER 21568 320 17968 698 16 1

3 UTAIPAN 18042 240 11524 71 1 13

JavaOverall

1 MLB 676 0.93 484 34

2 JBMC 618 0.44 424 80

3 GDART 616 2.6 453 9

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


https://www.tcs.com
https://www.tcs.com
https://cpachecker.sosy-lab.org
https://www.fit.vutbr.cz/research/groups/verifit/tools/predatorhp/
https://github.com/staticafi/symbiotic
https://ultimate-pa.org
https://github.com/hernanponcedeleon/Dat3M
https://ultimate-pa.org
https://ultimate-pa.org
https://ultimate-pa.org
https://ultimate-pa.org
https://cpachecker.sosy-lab.org
https://github.com/kumarmadhukar/term
https://ultimate-pa.org
https://github.com/diffblue/2ls
https://gitlab.com/mopsa/mopsa-analyzer
https://gitlab.com/mchalupa/bubaak
https://cpachecker.sosy-lab.org
https://cpachecker.sosy-lab.org
https://github.com/staticafi/symbiotic
https://ultimate-pa.org
https://ultimate-pa.org
https://cpachecker.sosy-lab.org
https://ultimate-pa.org
https://github.com/MLB-SE/Experiment
https://github.com/diffblue/cbmc
https://github.com/tudo-aqua/gdart-svcomp
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Fig. 4: Quantile functions for category C-Owverall. 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 [17].
A logarithmic scale is used for the time range from 1s to 1000s, and a linear scale
is used for the time range between Os and 1s.

tasks. The verification tasks consist of tasks with expected verdict TRUE, expected
verdict FALSE, and tasks that are VOID (tasks that were excluded from scoring by
the jury). 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; DEacLE was disqualified by
the jury, with details on the web site). 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/2024/results)
and in the results artifact (see Table 3).

Table 10 reports the top three verifiers for each category. The run time (column
‘CPU Time’) refers 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.

Score-Based Quantile Functions for Quality Assessment. We use score-
based quantile functions [17,40] because these visualizations make it easier to
understand the results of the comparative evaluation. The results archive (see Ta-
ble 3) and the web site (https://sv—comp.sosy—lab.org/2024/resu1ts) include such
a plot for each (sub-)category. As an example, we show the plot for category


https://github.com/thufv/Deagle
https://sv-comp.sosy-lab.org/2024/results
https://sv-comp.sosy-lab.org/2024/results
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Fig. 5: Number of evaluated verifiers for each year (first-time participants on top)

Table 11: New verifiers in SV-COMP 2023 and SV-COMP 2024; column ‘Sub-
categories’ gives the number of executed categories; for first-time participants
in 2024; © for those that were hors-concours participants in 2024

Verifier Language First Year = Sub-categories
AISE C 2024 1
BuBAAK-SPLIT C 2024 45
CPV C 2024 20
EMERGENTHETA C 2024 15
PROTON C 2024 5
SV-SANITIZERS C 2024 13
SWAT Java 2024 1
BuBAAK C 2023 40
GDarT-LLVM? C 2023 1
GRraVEs-PAR? C 2023 40
LF-cHECKER? C 2023 3
Mopsa C 2023 32
PICHECKER? C 2023 1
VERIABSL C 2023 13
VERIOOVER? C 2023 1
MLB Java 2023 1

C-Overall (all verification tasks) in Fig. 4. A total of 16 verifiers participated in
category C-Qwerall, for which the quantile plot shows the overall performance over
all categories (scores for meta categories are normalized [17]). 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 [17,20].
The winner of the competition, UAuTomizER, achieves the best cumulative
score (the graph for UAuTtomizer has the longest width from its left to its right
end; the graph starts left from = 0 because the verifier produced 7 wrong proofs
and 4 false alarms and therefore received some negative points). Also other verifiers
whose graphs start with a negative cumulative score produced wrong results.


https://github.com/ZhenWang233/AISE
https://gitlab.com/mchalupa/bubaak
https://zenodo.org/doi/10.5281/zenodo.10063681
https://github.com/ftsrg/theta
https://github.com/kumarmadhukar/term
https://github.com/sim642/sv-sanitizers
https://www.its.uni-luebeck.de/en/research/tools/swat/
https://gitlab.com/mchalupa/bubaak
https://github.com/tudo-aqua/gdart-llvm
https://github.com/mgerrard/graves-par
https://github.com/Anthonysdu/lf-checker
https://gitlab.com/mopsa/mopsa-analyzer
https://gitlab.com/Lapulatos/pichecker
https://www.tcs.com
https://github.com/PaperSheeper/VeriOover-SV
https://github.com/MLB-SE/Experiment
https://ultimate-pa.org
https://ultimate-pa.org
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New Verifiers. To acknowledge the verification systems that participate for
the first or second time in SV-COMP, Table 11 lists the new verifiers (in
SV-COMP 2023 or SV-COMP 2024). Figure 5 shows the growing interest in
the competition over the years.

Computing Resources. The CPU time and memory limits were the same
as in the previous competitions [20] (15 GB of memory and 15min of CPU
time), but we reduced the number of processing units per run from 8 to 4
processing units. This has the disadvantage that the measurements are more
imprecise due to shared resources in the machine, but it roughly doubles the
throughput. This change was necessary because of the ever increasing number of
participating systems and the continuously increasing benchmark set. Witness
validation was again 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 for running the experiments are part of a compute cluster
at the SoSy-Lab at LMU that consists of 168 machines, where each machine
has 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 22.04 with Linux kernel 5.15). We used BencHExec [40] to measure and
control computing resources (CPU time, memory) and VCroup to distribute,
install, run, and clean-up verification runs, and to collect the results. The values
for the time are accumulated over all cores of the CPU.

To give an impression of the overall computation work, we report some
statistics: One complete verification execution of the competition consisted of
787 779 verification runs (each verifier on each verification task of the selected
categories according to the opt-outs), consuming 2 104 days of CPU time (without
validation). This is almost double the CPU time spent for the previous edition
of SV-COMP. Witness-based result validation required 13.6 million validation
runs in 21243 run sets (each validator on each verification task for categories
with witness validation, and for each verifier), consuming 2290 days of CPU
time. Each tool was executed several times, in order to make sure no instal-
lation issues occur during the execution.

5 Results of the Witness-Validation Track

The validation of verification results, in particular, verification witnesses, becomes
more and more important for various reasons: verification witnesses justify and
help to understand and interpret a verification result, they serve as exchange
object for intermediate results, and they allow to make use of imprecise verification
techniques (e.g., via machine learning). A case study on the quality of the results
of witness validators [44] suggested that validators for verification results should
also undergo a periodical comparative evaluation and proposed a scoring schema
for witness-validation results. SV-COMP 2024 evaluated a total of 17 validators
on 100998 correctness and 71577 violation witnesses in format 1.0, and 45614
correctness and 27561 violation witnesses in format 2.0. Figure 6 shows the
growing importance of evaluating witness validators.


https://github.com/sosy-lab/benchexec
https://vcloud.sosy-lab.org
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Fig. 7: Scoring schema for evaluation of validators; p = —16 for SV-COMP 2024;
figure adopted from [44]; changed scores compared to 2023 are highlighted in red

Scoring Schema for Validation Track. The score of a validator in a sub-
category is computed as

o Pcorrect Pwrong |Correct| + |W1"Ong‘
score = .
|correct| = |wrong| 2

where the points in peorrect and Pwrong are determined according to the schema in
Fig. 7 and then normalized using the normalization schema that SV-COMP uses for
meta categories [17, page 597| (note that the factor ¢ is removed in comparison to
last year [27, page 513] from the formula, because it is not necessary to give a higher
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Table 12: Validation of correctness witnesses (version 2.0): Overview of the top-three
validators for each category; values for CPU time rounded to two significant digits

Rank Validator Score CPU Solved False Wrong
Time Tasks Alarms Proofs

(in h)
ReachSafety
1 UAUTOMIZER 4545 69 3830
2 Movrsa 3284 17 2816
3 CPACHECKER 2872 23 2784
MemSafety
1 UAUTOMIZER 5213 190 5701
2 Mopsa 5015 2.5 5658
3 GOBLINT 4225 0.26 5677
ConcurrencySafety
1 GOBLINT 0 0 0
2 missing validator 0 O 0
3 missing validator 0 O 0
NoOverflows
1 UAvutomizer 25441 220 17913
2 Mopsa 23601 7.8 17333
3 GOBLINT 17143 0.77 14125
Termination
1 GOBLINT 0 0 0
2 missing validator 0 0 0
3 missing validator 0 o0 0
SoftwareSystems
1 Moprsa 3521 23 6102
2 GOBLINT 2793 9.2 4636
3 U AUTOMIZER 1258 90 5963 14
Overall
1 UAuromizer 20919 570 33407 14
2 Mopsa 20889 50 31909
3 GOBLINT 16186 11 26 224

weight to wrong witnesses anymore). Witnesses that do not agree with the expected
verification verdict are classified as wrong. Witnesses that agree with the expected
verification verdict can be wrong although they agree with the expected version, for
example, if a violation witness has a wrong path to the violation, or a correctness
witness has an invariant that does not hold. Therefore, we use the information
from the majority of the validators: a witness that agrees with the expected
verification result is classified as correct if at least 75 % of the true/false results
from validators confirm the result, and as wrong if at least 75 % of the true/false
results from validators refute this result (and there must be at least 2 true/false
results). Further details are given in the proposal [44]. This schema relates to
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Table 13: Validation of correctness witnesses (version 1.0): Overview of the top-three
validators for each category; values for CPU time rounded to two significant digits

Rank Validator Score CPU Solved False Wrong
Time Tasks Alarms Proofs
(in h)

ReachSafety

1 UAUTOMIZER 28020 540 21331

2 CPACHECKER 25183 250 29082

3 LIV -44060 3.7 2527 31

MemSafety

1 UAUTOMIZER 259 4.8 366

2 LIV 87 0.22 186 6

3 METAVAL 0 0 0

ConcurrencySafety

1 UAUTOMIZER 70 2.6 120

2 missing validator 0 0 0

3 missing validator 0 0 0

NoOverflows

1 CPACHECKER 57309 170 45618 9

2 UAUTOMIZER 56467 320 42011 2

3 METAVAL 0 0 0

Termination

1 missing validator 0 0 0

2 missing validator 0 0 0

3 missing validator 0 0 0

SoftwareSystems

1 CPACHECKER 3275 28 5812

2 UAUTOMIZER 2211 240 13916 18

3 LIV 0 0 0

Overall

1 UAUTOMIZER 47571 1100 77744 20

2 CPACHECKER 35095 450 80512 9

3 METAVAL -38172 1300 44296 504

each base category from the verification track a meta category that consists of
two sub-categories, one with the correct and one with the wrong witnesses.
Tables 12, 13, and 14 show the rankings of the validators. Violation witnesses
in format version 2.0 were not yet ranked, because the jury decided that in
SV-COMP 2024, this is a demonstration track. The score results for all validators
and all categories are available on the SV-COMP web site ! and in the artifact [30].
Wrong proofs in Tables 12 and 13 are claims of a validator that the program
is correct according to invariants in a given correctness witness although the
program contains a bug (the validator confirms a wrong correctness witness).
False alarms in Table 14 are claims of a validator that the program contains

1 https://sv-comp.sosy-lab.org/2024/results/results-validated/
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Table 14: Validation of violation witnesses (version 1.0): Overview of the top-three
validators for each category; values for CPU time rounded to two significant digits

Rank Validator Score CPU Solved False Wrong
Time Tasks Alarms Proofs
(in h)

ReachSafety

1 UAUTOMIZER 24390 120 15932 4

2 CPROVER-W2T 22251 18 16970 2

3 CPACHECKER 15686 83 16 602 71

MemSafety

1 SymMmBIloTic-WiTcH 799 0.59 1723

2 CPACHECKER 626 3.7 1570 6

3 UAUTOMIZER 472 5.2 809

ConcurrencySafety

1 DARTAGNAN 9186 37 8674

2 UAUTOMIZER 6742 72 6533

3 CPACHECKER 2110 14 3061 28

NoOverflows

1 UAUTOMIZER 20030 63 10236 5

2 CPACHECKER 18892 &1 14 323

3 CPROVER-W2T 18400 7.7 13679 18

Termination

1 UAUTOMIZER 692 7.0 1004

2 METAVAL 0 0 0

3 CPACHECKER -1496 5.3 993 26

SoftwareSystems

1 UAUTOMIZER 2633 26 3036 2

2 SymBIoTIC-WITCH 1696 0.59 1113

3 CPACHECKER 1359 15 2474

Overall

1 UAUTOMIZER 43235 290 37550 11

2 Symerotic-Wircn 20980 42 27484 4

3 CPROVER-W2T 19651 27 32936 178

a bug described by a given violation witness although the program is correct
(the validator confirms a wrong violation witness).

The adoption rate of the new witness format version 2.0 is discussed in the
article that defines the format [7]. Tables 12 and 13 shows that there are categories
that are supported still by less than three validators (‘missing validators’ for
categories ConcurrencySafety and Termination).

While there are six new validators in SV-COMP 2024 (Fig. 6), and while
there is a great adoption rate of the new witness format 2.0 (Table 12),
there is still a remarkable gap in software-verification research: There are
verification results that can not yet be independently confirmed.
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6 Conclusion

The 13th edition of the Competition on Software Verification (SV-COMP 2024)
again compared automatic tools for software verification and the validation of
the produced verification witnesses. SV-COMP again had a record number of
59 participating verification systems (incl. 7 new verifiers and 19 hors-concours;
see Fig. 5 for the participation numbers and Table 5 for the details). Furthermore,
the validation track compared 17 validation tools; the validation tools were
assessed in a similar manner as in the verification track, using a community-
agreed scoring schema. The number of verification tasks in SV-COMP 2024 was
significantly increased to 30300 in the C category. Table 10 shows that the top
verification tools have an extremely low number of wrong results. However, there
are still wrong results, and validation of the verification results is absolutely
necessary. We hope that this overview and the competition leads to a broader
adoption of software verification, and in particular, that more and better validation
tools are developed in the near future.

Data-Availability Statement. The verification tasks and results of the competi-
tion are published at Zenodo, as described in Table 3. All components and data that
are necessary for reproducing the competition are available in public version repos-
itories, as specified in Table 2. For easy access, the results are presented also online
on the competition web site https://sv-comp.sosy-lab.org/2024. The main results of
last year’s competition were reproduced in an independent reproduction study [72].
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