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Abstract. The 12th edition of the Competition on Software Verification
(SV-COMP 2023) is again the largest overview of tools for software verifi-
cation, evaluating 52 verification systems from 34 teams from 10 countries.
Besides providing an overview of the state of the art in automatic software
verification, the goal of the competition is to establish standards, provide
a platform for exchange to developers of such tools, educate PhD students
on reproducibility approaches and benchmarking, and provide comput-
ing resources to developers that do not have access to compute clusters.
The competition consisted of 23805 verification tasks for C programs
and 586 verification tasks for Java programs. The specifications include
reachability, memory safety, overflows, and termination. This year, the
competition introduced a new competition track on witness validation,
where validators for verification witnesses are evaluated with respect to
their quality.

Keywords: Formal Verification - Program Analysis - Competition - Soft-
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Introduction

Check for
updates

This report extends the series of competition reports (see footnote) by describing
the results of the 2023 edition, but also explaining the process and rules, giving
insights into some aspects of the competition (this time the focus is on the added
validation track). The 12th Competition on Software Verification (SV-COMP,
https://sv-comp.sosy-lab.org/2023) 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.

This report extends previous reports on SV-COMP [10,11,12,13,14, 15,16, 17,18, 20].
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provide an overview of the state of the art in software-verification technology
and increase visibility of the most recent software verifiers,
establish a repository of software-verification tasks that is publicly available
for free use as standard benchmark suite for evaluating verification software,
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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 [22,58, 67, 74].

Quick Summary of Changes. While we try to keep the setup of the com-
petition stable, there are always improvements and developments. For the 2023
edition, the following changes were made:

e The category for data-race detection was added (last year as demonstration,
this year as regular category).

e New verification tasks were added, with an increase in C from 15648 in 2022
to 23805 in 2023.

e A new track was added that evaluates all validators for verification witnesses,
which was discussed and approved by the jury in the 2022 community meeting
in Munich, based on a proposal by two community members [37].

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 the
competition contribution papers and helps the organizer with resolving any
disputes that might occur (cf. competition report of SV-COMP 2013 [11]). The
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Table 1: Scoring schema for SV-COMP 2023 (unchanged from 2021 [18])

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)

VERIFIER
VERIFIER

true-unreach

false-unreach

invalid (error in witness syntax)

Fig. 1: Visualization of the scoring schema for the reachability property (unchanged
from 2021 [18])

tasks of the jury were described in more detail in the report of SV-COMP 2022 [20].
The team representatives of the competition jury are listed in Table 5.

Scoring Schema and Ranking. The scoring schema of SV-COMP 2023 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 [11, 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),
(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.
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Table 2: Publicly available components for reproducing SV-COMP 2023

Component Fig. 3 Repository Version
Verification Tasks (a) gitlab.com/sosy-lab/benchmarking/sv-benchmarks svcomp23
Benchmark Definitions (b) gitlab.com/sosy-lab/sv-comp/bench-defs svcomp23
Tool-Info Modules (C) github.com/sosy-lab/benchexec 3.16
Verifier Archives (d) gitlab.com/sosy-lab/sv-comp/archives-2023 svcomp23
Benchmarking (e) github.com/sosy-lab/benchexec 3.16
Witness Format (f) gitlab.com/sosy-lab/benchmarking/sv-witnesses svcomp23
Continuous Integration (f) gitlab.com/sosy-lab/software/coveriteam 1.0

Table 3: Artifacts published for SV-COMP 2023

Content DOI Reference

Verification Tasks 10.5281/zenodo.7627783  [23]
Competition Results 10.5281/zenodo.7627787  [21]
Verifiers and Validators 10.5281/zenodo.7627829  [25]
Verification Witnesses 10.5281/zenodo.7627791  [24]
BeNncHEXEC 10.5281/zenodo.7612021  [112]
CoVERITEAM 10.5281/zenodo . 7635975  [32]

Task-Definition Format 2.0. SV-COMP 2023 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 2023
are available in the directory c/properties/ of the benchmark repository.

Categories. The (updated) category structure of SV-COMP 2023 is il-
lustrated by Fig. 2. Category C-FalsificationOverall contains all verifica-
tion tasks of C-Owerall without Termination and Java-Overall contains
all Java verification tasks. Compared to SV-COMP 2022, we added
one new sub-category ReachSafety-Hardware to main category ReachSafety,
sub-categories ConcurrencySafety-MemSafety, ConcurrencySafety-NoQuverflows,
and ConcurrencySafety-NoDataRace-Main (was demo in 2022) to main
category ConcurrencySafety, main category NoOverflows was restructured,
and finally we added SoftwareSystems-DeviceDriversLinuz64-MemSafety to
main category SoftwareSystems. The categories are also listed in Ta-
bles 8, 9, and 10, and described in detail on the competition web site
(https ://sv-comp.sosy-lab.org/2023/benchmarks. php) .

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 2. 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 3) to guarantee their long-term availability and immutability.
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Fig. 2: Category structure for SV-COMP 2023
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(a) Verification Task (b) Benchmark Definition (c) Tool-Info Module (d) Tool Archive

(e) Verification Run

(f) Violation (f) Correctness
Witness FALSE UNKNOWN TRUE Witness

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

Table 4: Validation: Witness validators and witness linter

Validator Reference Jury Member Affiliation

CPACHECKER [26,27,29] Henrik Wachowitz LMU Munich, Germany
CPA-w2T [28] Henrik Wachowitz LMU Munich, Germany
DARTAGNAN [98] Hernén Ponce de Leén Huawei Dresden, Germany
CProveEr-w2T  [28] Michael Tautschnig Queen Mary U. of London, UK
GWIT [75] Falk Howar TU Dortmund U., Germany
METAVAL [35] Martin Spiessl LMU Munich, Germany
NITWIT [115] Jana (Philipp) Berger RWTH Aachen, Germany
SymBroTic-Wrren |7] Paulina Ayaziova Masaryk U., Brno, Czechia
UAUTOMIZER [26,27] Daniel Dietsch U. of Freiburg, Germany
WIT4JAVA [113] Tong Wu U. of Manchester, UK
WiTNESSLINT Martin Spiessl LMU Munich, Germany

Competition Workflow. The workflow of the competition is described in
the report for Test-Comp 2021 [19] (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 previous report [20, Sect. 3|.

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/2023/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 eleven validation tools (ten proper witness validators, and one
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Table 5: Verification: Participating verifiers with tool references and representing jury

members; for first-time participants, 2 for hors-concours participation
Participant Ref. Jury member Affiliation

2LS [39,88] Viktor Malik BUT, Brno, Czechia

BRICK [40] Lei Bu Nanjing U., China

BUBAAK [42] Marek Chalupa ISTA, Austria

CaMC [46,84] Michael Tautschnig ~ Queen Mary U. London, UK
CoastaL? [109] (hors concours) -

CPA-BAM-BNB? [4,111]  (hors concours) -

CPA-BAM-SMG?
CPACHECKER
CPALOCKATOR?
Crux”?

CSEQ?
CVT-ALGOSEL?
CVT-ParPORT?
DARTAGNAN
DEAGLE

DivINE?

EBF
ESBMC-INCR?
EsBMC-KIND
Frama-C-SV
GAZER-THETA?
GDART
GDART-LLVM
GOBLINT
GRrAVES-CPA
GRAVES-PAR
INFER?
JAVA-RANGER
JayHORN?

JBMC

JDART?

KorN
LAzy-CSEQ?
LF-CHECKER
LOCKSMITH

MLB

Moprsa
PESCo-CPA
PICHECKER
PINAKA?
PREDATORHP?

(hors concours)

[33,53] Henrik Wachowitz
[5, 6] (hors concours)
[57,104] (hors concours)
[51,79]  (hors concours)
[30,31]  (hors concours)
[30,31]  (hors concours)
[65,97] Hernan Ponce de Leon
[70] Fei He
[8,85]  (hors concours)
3] Fatimah Aljaafari
[47,50]  (hors concours)
[63,64] Rafael S& Menezes
[36,52] Martin Spiessl
[1,69]  (hors concours)
[93] Falk Howar

Falk Howar

[103,110] Simmo Saan

[86] Will Leeson
Hors Concurs
[41,82]  (hors concours)
[76,106] Soha Hussein
[81,105] (hors concours)
[48,49] Peter Schrammel
[87,92]  (hors concours)
[60,61] Gidon Ernst
[77,78]  (hors concours)
Tong Wu
[99] Vesal Vojdani
Lei Bu
[80,91] Raphaél Monat

[101, 102] Cedric Richter

[107] Jie Su
[45] (hors concours)
[73,96] (hors concours)

LMU Munich, Germany

Huawei Dresden, Germany
Tsinghua U., China

U. of Manchester, UK

U. of Manchester, UK
LMU Munich, Germany

TU Dortmund, Germany
TU Dortmund, Germany
U. of Tartu, Estonia
U. of Virginia, USA
U. of Virginia, USA

U. of Minnesota, USA

U. of Sussex / Diffblue, UK
LMU Munich, Germany

U. of Manchester, UK

U. of Tartu, Estonia
Nanjing U., China

Inria and U. of Lille, France
U. of Oldenburg, Germany
Xidian U., China

(continues on next page)
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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/cpachecker
https://gitlab.com/Lapulatos/pichecker
https://github.com/sbjoshi/Pinaka
https://www.fit.vutbr.cz/research/groups/verifit/tools/predator-hp/
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Table 5: Competition candidates (continued)

Participant Ref. Jury member Affiliation

Spr” [94,100] (hors concours) -

SYMBIOTIC [43,44] Marek Trtik Masaryk U., Brno, Czechia
THETA [108, 114] Levente Bajczi BME Budapest, Hungary
UAUTOMIZER [71,72] Matthias Heizmann  U. of Freiburg, Germany
UGEMCUTTER [62,83] Dominik Klumpp U. of Freiburg, Germany
UKoJAK [69,95] Frank Schiissele U. of Freiburg, Germany
UTAIPAN [56,68] Daniel Dietsch U. of Freiburg, Germany
VERIABS (2, 54] Priyanka Darke TCS, India

VERIABSL [55] Priyanka Darke TCS, India

VERIFUZZ [89,90] Raveendra Kumar M. TCS, India

VERIOOVER HaiPeng Qu Ocean U. of China, China

Table 6: Algorithms and techniques that the participating verification systems used;
for first-time participants, @ for hors-concours participation
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Verifier vaddxadzhoeod<s IS ad=d
2LS v / v / v v
Brick v v / v v
BuBaak v v v / v
CBMC v v v
CoASTAL? v
CPA-BAM-BNB? v v/ v v v/
CPA-BAM-SMG?
CPACHECKER VA AR A4 v v/ v v/ v / v /
CPALockaTOR? vV v VARARARA v
Crux? v
CSEQ? v v v
CVT-ALcoSEL? VA AR A4 v v/ v v vV v v /
CVT-ParRPORT? VvV V V V / v v/ v v/ v / v /
DARTAGNAN v v v
DEAGLE v v
DivINE? v v v v v/
EBF v
EsBMC-INCR? v/ v v
EsBMC-KIND v / v v v

(continues on next page)
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https://github.com/ftsrg/theta
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https://ultimate.informatik.uni-freiburg.de
https://ultimate.informatik.uni-freiburg.de
https://ultimate.informatik.uni-freiburg.de
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https://www.tcs.com
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Table 6: Algorithms and techniques (continued)
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Verifier

CEGAR

Predicate Abstraction
Symbolic Execution

Bounded Model Checking

k-Induction

Property-Directed Reach.

Explicit-Value Analysis

Shape Analysis

Separation Logic

Bit-Precise Analysis
ARG-Based Analysis

Lazy Abstraction

Interpolation

Automata-Based Analysis

Concurrency Support

Ranking Functions

Evolutionary Algorithms

Algorithm Selection

Portfolio

Frama-C-SV

<.| Numeric. Interval Analysis

GAZER-THETA?
GDART
GDART-LLVM
GOBLINT
GRAVES-CPA

N
N

AN

\

AN

NSNS

<
N
<

AN

GRAVES-PAR
INFER?
JAvA-RANGER
JayHORN?
JBMC

JDART?
KornN
Lazy-CSEQ?
LF-CHECKER
LocksMmITH

MLB

Morsa
PESCo-CPA
PICHECKER
PINAKA?

NSNS

AN

PrEDATORHP?
Spr?
SYMBIOTIC
THETA
UAUTOMIZER

NSNS

UGEMCUTTER
UKoJak
UTAIPAN
VERIABS
VERIABSL

NS SNN S SNISNS

NN NI

N SN
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\
AN
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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
ULTIMATE
SMTINTERPOL

JavaASMT
MATHSAT

JPF
Cvc4
z3

Verifier
2Ls
Brick v
BuBaak "™ v
CBMC
CoasTaL? 4
CPA-BAM-BNB?
CPA-BAM-SMG?
CPACHECKER
CPALOCKATOR?
Crux”? v
CSEQ?
CVT-ALGOSEL?
CVT-ParPoORT?
DARTAGNAN
DEAGLE v
DIvINE?

EBF
ESBMC-INCR?
EsBMC-KIND
Frama-C-SV
GAZER-THETA?
GDART v v
GDART-Livm ™" v

GOBLINT v
GRAVES-CPA v 7/

GRAVES-PAR """

INFER?

JAVA-RANGER v

JayHoRrRN?

JBMC v v
JDART? v v v

KORN v
Lazy-CSEQ? v/ v
LF-cHECKER"®"

LocksMITH

| CPROVER
EsBMC

N N MINISAT
APRON

\
\

AN N NN
NSNS

AN

N

N
NSNS

NS

NSNS

SNSS
NSNS

(continues on next page)


https://github.com/diffblue/2ls
https://github.com/brick-tool-dev/BRICK-2.0
https://gitlab.com/mchalupa/bubaak
https://www.cprover.org/cbmc/
https://www.cs.sun.ac.za/coastal
https://cpachecker.sosy-lab.org
https://cpachecker.sosy-lab.org
https://cpachecker.sosy-lab.org
https://cpachecker.sosy-lab.org
https://crux.galois.com/
https://gitlab.com/emersonwds/cseq
https://gitlab.com/sosy-lab/software/coveriteam
https://gitlab.com/sosy-lab/software/coveriteam
https://github.com/hernanponcedeleon/Dat3M
https://github.com/thufv/Deagle
https://divine.fi.muni.cz/
https://github.com/fatimahkj/EBF
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/
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Table 7: Solver libraries and frameworks (continued)

CPACHECKER
CPROVER
EsBMmcC

JPF

ULTIMATE
JAvASMT
MATHSAT
Cvcd
SMTINTERPOL
73

MINISAT
APRON

Verifier
MLB
Moprsa v
PeSCo-CPA
PICHECKER
PINAKA?
PREDATORHP?
Spr? v
SYMBIOTIC
THETA
UAUTOMIZER
UGEMCUTTER
UKoJak
UTaA1IpAaN
VERIABS
VERIABSL
VERIFUZZ
VERIOOVER

AN
AN
AN

\

NN NS
\
N

NN NS

AN
AN

ANENENENENENEN

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 (?).

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
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 improvements compared


https://github.com/MLB-SE/Experiment
https://gitlab.com/mopsa/mopsa-analyzer
https://github.com/cedricrupb/cpachecker
https://gitlab.com/Lapulatos/pichecker
https://github.com/sbjoshi/Pinaka
https://www.fit.vutbr.cz/research/groups/verifit/tools/predator-hp/
https://github.com/SymbolicPathFinder/jpf-symbc
https://github.com/staticafi/symbiotic
https://github.com/ftsrg/theta
https://ultimate.informatik.uni-freiburg.de
https://ultimate.informatik.uni-freiburg.de
https://ultimate.informatik.uni-freiburg.de
https://ultimate.informatik.uni-freiburg.de
https://www.tcs.com
https://www.tcs.com
https://www.tcs.com
https://github.com/PaperSheeper/VeriOover-SV
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Table 8: Verification: Quantitative overview over all regular results;
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2Ls 3617 611 0 6570 1183 75 1884 9722
Brick
BUBAAK 4278 -4655 9 5005 195 15894313 2426
CBMC 3497 1798 1185 6267 862 -711 2110 10886
CPACHECKER 5535 2612 1744 4079 883 758 4254 14559
DARTAGNAN 1268
DEAGLE 4744
DiviNe? 2698 -354 -2 0 0 101 -573 1429
EBF -317
EsBMC-INCR? 480
ESBMC-KIND 5183 2000 1162 6342 782 275 3507 13299
FrAMA-C-SV 1522
GDART-LLVM
GOBLINT 874 1591 5306 358 6397
GravEs-CPA 4868 -1186 3447 5258
GRAVEsS-PAR -64 2179 118 -17785 590 -1337 -3063 -8217
KoRrN
LF-CHECKER 1023
LocksMITH
Mopsa 699 556 5671 815
PESCo-CPA 5576 812 4258 14652
PICHECKER 552
SymBIOTIC 4786 2620 194 2407 930 1604 4026 12097
THETA 1076 1286
UAuToMIZER 3997 2301 2717 8639 2105 476 4173 19589
UGEMCUTTER 2710
UKoJsak 2306 1526 0 7305 0 274 3092 8102
UTAIPAN 3672 2354 2612 8492 0 412 4100 14514
VERIABS 6628
VERIABsSL 6478
VerIFuzz 1704 -500 2305
VERIOOVER
GDART 652
Java-RANGER 400
JBmcC 667
MLB 495



https://github.com/diffblue/2ls
https://github.com/brick-tool-dev/BRICK-2.0
https://gitlab.com/mchalupa/bubaak
https://www.cprover.org/cbmc/
https://cpachecker.sosy-lab.org
https://github.com/hernanponcedeleon/Dat3M
https://github.com/thufv/Deagle
https://divine.fi.muni.cz/
https://github.com/fatimahkj/EBF
https://esbmc.org/
http://esbmc.org/
https://gitlab.com/sosy-lab/software/frama-c-sv
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://github.com/gernst/korn
https://github.com/Anthonysdu/lf-checker
http://www.cs.umd.edu/projects/PL/locksmith/
https://gitlab.com/mopsa/mopsa-analyzer
https://github.com/cedricrupb/cpachecker
https://gitlab.com/Lapulatos/pichecker
https://github.com/staticafi/symbiotic
https://github.com/ftsrg/theta
https://ultimate.informatik.uni-freiburg.de
https://ultimate.informatik.uni-freiburg.de
https://ultimate.informatik.uni-freiburg.de
https://ultimate.informatik.uni-freiburg.de
https://www.tcs.com
https://www.tcs.com
https://www.tcs.com
https://github.com/PaperSheeper/VeriOover-SV
https://github.com/tudo-aqua/gdart-svcomp
https://github.com/vaibhavbsharma/java-ranger
https://github.com/diffblue/cbmc
https://github.com/MLB-SE/Experiment
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Table 9: Verification: Quantitative overview over all hors-concours results; empty cells

represent opt-outs, for first-time participants, © for hors-concours participation
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CVT-ALcoSEL? -507 59
CVT-ParPorr? 2033 2539 847 -3793 947 1421 3734 7212
CPA-BAM-BNB? 458
CPA-BAM-SMG? 2587 804
CPALockATOR? -2720
Crux? 879 1316
CSEQ”? -11702
Divine? 2698  -354 -2 0 0 101 -573 1429
EsBMcC-INCR? 480

GAzer-THETA?

INFER? -56129 -5737 -77220 -25556

LAazy-CSEQ? -13840

Pinaka? 3387 -879 631

PrEDATORHP? 1926

CoasTtaL? -2816
JavyHorN? 220
JDART? 382
Spr? 182

to the last years are easy to identify. The results presented in this report were
inspected and approved by the participating teams.

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 num-
ber 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 for-
matting 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/2023/resu1ts) and in the results artifact (see Table 3)


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://gitlab.com/emersonwds/cseq
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://www.cs.sun.ac.za/coastal
https://github.com/jayhorn/jayhorn
https://github.com/tudo-aqua/jdart
https://github.com/SymbolicPathFinder/jpf-symbc
https://sv-comp.sosy-lab.org/2023/results
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Table 10: Verification: Overview of the top-three verifiers for each category;
first-time participants, values for CPU time and energy rounded to two significant digits

for

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

ReachSafety

1 VERIABS 6628 150 1.6 3509 431

2 VERIABSL 6478 120 1.1 3600 567 8

3 PEeSCo-CPA 5576 79 0.84 3294 330 3 8

MemSafety

1 SYMBIOTIC 2620 1.4 0.018 304 0 2

2 CPACHECKER 2612 6.1 0.053 3053 0

3 UTAIPAN 2354 34 0.33 1945 29

ConcurrencySafety

1 DEAGLE 4744 1.1 0.014 2545 27 1

2 UAUTOMIZER 2717 34 0.37 1498 18

3 UGEMCUTTER 2710 36 0.37 1495 13

NoOverflows

1 UAvutomizer 8639 53 0.48 5407 62

2 UTAIPAN 8492 55 0.51 5296 107

3 UKoJak 7305 32 0.26 4275 60

Termination

1 VEeriFuzz 2305 21 0.26 1216 141 3

2 UAUTOMIZER 2105 13 0.12 1196 9

3 2Ls 1183 3.7 0.029 1005 205

SoftwareSystems

1 SYMBIOTIC 1604 0.80 0.011 1026 189 1

2 BUBAAK 1589 0.32 0.0036 432 206 1

3 Mopsa 815 12 0.16 1610 94

Falsification Overall

1 BuBAAK 4313 36 0.39 5258 219 10

2 PeSCo-CPA 4258 46 0.49 3800 150 7

3 CPACHECKER 4254 90 1.0 3677 99 4

Overall

1 UAvutomizer 19589 250 2.5 13367 337

2 PESCo-CPA 14652 160 1.7 10372 497 9 8

3 CPACHECKER 14559 220 2.5 10200 539 6

JavaOverall

1 JBMC 667 0.34 0.0032 473 29

2 GDART 652 3.0 0.026 477 9

3 MLB 495 0.38  0.0036 336 95

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


https://www.tcs.com
https://www.tcs.com
https://github.com/cedricrupb/cpachecker
https://github.com/staticafi/symbiotic
https://cpachecker.sosy-lab.org
https://ultimate.informatik.uni-freiburg.de
https://github.com/thufv/Deagle
https://ultimate.informatik.uni-freiburg.de
https://ultimate.informatik.uni-freiburg.de
https://ultimate.informatik.uni-freiburg.de
https://ultimate.informatik.uni-freiburg.de
https://ultimate.informatik.uni-freiburg.de
https://www.tcs.com
https://ultimate.informatik.uni-freiburg.de
https://github.com/diffblue/2ls
https://github.com/staticafi/symbiotic
https://gitlab.com/mchalupa/bubaak
https://gitlab.com/mopsa/mopsa-analyzer
https://gitlab.com/mchalupa/bubaak
https://github.com/cedricrupb/cpachecker
https://cpachecker.sosy-lab.org
https://ultimate.informatik.uni-freiburg.de
https://github.com/cedricrupb/cpachecker
https://cpachecker.sosy-lab.org
https://github.com/diffblue/cbmc
https://github.com/tudo-aqua/gdart-svcomp
https://github.com/MLB-SE/Experiment
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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 [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.

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 [11, 34] 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/2023/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-Qverall, 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, UAuTtomizeR, achieves the best cumulative score
(graph for UAuromizer has the longest width from x = 0 to its right end). Verifiers
whose graphs start with a negative cumulative score produced wrong results.

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 2022 or SV-COMP 2023). It is remarkable to see that first-time par-
ticipants can win or almost win large categories: BuBAAK is the best ver-
ifier for category FulsificationOverall, and BuBaak is the second-best and
Morsa ™" third-best in category SoftwareSystems. Figure 5 shows the growing
interest in the competition over the years.


https://sv-comp.sosy-lab.org/2023/results
https://ultimate.informatik.uni-freiburg.de
https://ultimate.informatik.uni-freiburg.de
https://gitlab.com/mchalupa/bubaak
https://gitlab.com/mchalupa/bubaak
https://gitlab.com/mopsa/mopsa-analyzer
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Table 11: New verifiers in SV-COMP 2022 and SV-COMP 2023; 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
BuBAAK C 2023 40
GDART-LivMm C 2023 1
GRAVEs-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
CVT-ALcoSEL? C 2022 18
CVT-ParPorr? 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? C 2022 25
LART C 2022 22
LOCKSMITH C 2022 1
SESL C 2022 6
THETA C 2022 13
UGEMCUTTER C 2022 2
GDART Java 2022 1

Computing Resources. The resource limits were the same as in the previous
competitions [14], except for the upgraded operating system: Each verification
run was limited to 8 processing units (cores), 15 GB of memory, and 15 min of
CPU time. Witness validation was limited to 2 processing units, 7 GB of memory,
and 1.5min of CPU time for violation witnesses and 15min of CPU time for
correctness witnesses. The machines for running the experiments are part of a


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://gitlab.com/sosy-lab/software/coveriteam
https://gitlab.com/sosy-lab/software/coveriteam
https://cpachecker.sosy-lab.org
https://crux.galois.com/
https://github.com/thufv/Deagle
https://github.com/fatimahkj/EBF
https://github.com/will-leeson/cpachecker
https://fbinfer.com/
https://github.com/xlauko/lart
http://www.cs.umd.edu/projects/PL/locksmith/
https://spencerl-y.github.io/SESL/
https://github.com/ftsrg/theta
https://ultimate.informatik.uni-freiburg.de
https://github.com/tudo-aqua/gdart-svcomp
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Fig. 6: Scoring schema for evaluation of validators; p = —16 for SV-COMP 2023;
figure adopted from [37]

compute cluster that consists of 168 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 22.04 with Linux kernel 5.15). We
used BENCHEXEC [34] to measure and control computing resources (CPU time,
memory, CPU energy) and VeririerCLoUD 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 ENErRGY METER [38] (integrated in BeNcHEXEC [34]).

One complete verification execution of the competition consisted of
490 858 verification runs in 91 run sets (each verifier on each verification task
of the selected categories according to the opt-outs), consuming 1114 days of
CPU time and 299 kWh of CPU energy (without validation). Witness-based result
validation required 4.59 million validation runs in 1527 run sets (each validator on
each verification task for categories with witness validation, and for each verifier),
consuming 877 days of CPU time. Each tool was executed several times, in order
to make sure no installation issues occur during the execution. Including these
preruns, the infrastructure managed a total of 2.78 million verification runs in
560 run sets (verifier x property) consuming 13.8 years of CPU time, and 35.9
million validation runs in 11532 run sets (validator x verifier x property) con-
suming 17.8 years of CPU time. This means that also the load of the experiment
infrastructure increased and was larger than ever before.


https://github.com/sosy-lab/benchexec
https://vcloud.sosy-lab.org
https://github.com/sosy-lab/benchexec
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Table 12: Validation of violation witnesses: Overview of the top-three verifiers for each
category; values for CPU time and energy rounded to two significant digits

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

ReachSafety

1 UAUTOMIZER 62966 99 12196

2 CPROVER-W2T 49545 16 18903 2

3 CPACHECKER 33938 92 17770 12

MemSafety

1 UAUTOMIZER 31156 49 5680

2 CPACHECKER 9013 40 16 881 7

3 CPA-w2T 1241 0.76 327

ConcurrencySafety

1 DARTAGNAN 9777 44 6520 14

2 CPACHECKER 2658 14 3466 28

3 UAUTOMIZER 912 1.2 263

NoOverflows

1 UAUTOMIZER 74933 150 23142

2 CPROVER-W2T 61848 6.3 13450

3 CPACHECKER 28600 5.0 2747

Termination

1 UAUTOMIZER 3017 7.6 1052

2 CPACHECKER 423 19 3113

3 METAVAL 0 0 0

SoftwareSystems

1 SymBilotic-WitcH 3304 0.55 846 1

2 UAUTOMIZER 2468 29 3579

3 CPACHECKER 1620 14 2475

Overall

1 UAUTOMIZER 127030 330 45912

2 CPACHECKER 52851 180 46 452 47

3 SyMmBIOTIC-WITCH 35851 65 38 644 10

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 verifica-
tion techniques (e.g., via machine learning). A case study on the quality of the
results of witness validators [37] suggested that validators for verification results
should also undergo a periodical comparative evaluation and proposed a scoring
schema for witness-validation results. SV-COMP 2023 evaluated 10 validators
on more than 100000 verification witnesses.


https://ultimate.informatik.uni-freiburg.de
https://www.cprover.org/cbmc/
https://cpachecker.sosy-lab.org/
https://ultimate.informatik.uni-freiburg.de
https://cpachecker.sosy-lab.org/
https://cpachecker.sosy-lab.org/
https://github.com/hernanponcedeleon/Dat3M
https://cpachecker.sosy-lab.org/
https://ultimate.informatik.uni-freiburg.de
https://ultimate.informatik.uni-freiburg.de
https://www.cprover.org/cbmc/
https://cpachecker.sosy-lab.org/
https://ultimate.informatik.uni-freiburg.de
https://cpachecker.sosy-lab.org/
https://gitlab.com/sosy-lab/software/metaval
https://github.com/ayazip/witch-klee
https://ultimate.informatik.uni-freiburg.de
https://cpachecker.sosy-lab.org/
https://ultimate.informatik.uni-freiburg.de
https://cpachecker.sosy-lab.org/
https://github.com/ayazip/witch-klee
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Table 13: Validation of correctness witnesses: Overview of the top-three verifiers for
each category; values for CPU time and energy rounded to two significant digits

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

ReachSafety

1 UAUTOMIZER 21499 350 16 768

2 CPACHECKER 17816 220 16437

3 MEeTAVAL -89088 320 14217 16

MemSafety

1 UAUTOMIZER 18219 710 16 247

2 METAVAL 0 0 0

3 missing validator 0 0 0

ConcurrencySafety

1 UAUTOMIZER 12994 140 10232

2 missing validator 0 0 0

3 missing validator 0 0 0

NoOverflows

1 UAUTOMIZER 65478 390 37419

2 CPACHECKER 27151 14 3082

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 3147 36 6124

2 UAUTOMIZER 3027 300 17385

3 MEeTAVAL -121312 600 18148 232

Overall

1 UAUTOMIZER 930491 900 98051

2 CPACHECKER 30076 280 25643

3 METAVAL -165166 910 32365 248

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

_( Dcorrect” Dwrong |correct™| 4+ |wrong|
score = . )
|correct™| |wrong| 2

where the points in peorrect* and Pwrong are determined according to the schema in
Fig. 6 and then normalized using the normalization schema that SV-COMP uses for
meta categories [11, page 597], except for the factor ¢, which gives a higher weight
to wrong witnesses. Wrong witnesses are witnesses that do not agree with the
expected verification verdict. Witnesses that agree with the expected verification
verdict cannot be automatically treated as correct because we do not yet have
an established way to determine this. Therefore, we call this class of witnesses


https://ultimate.informatik.uni-freiburg.de
https://cpachecker.sosy-lab.org/
https://gitlab.com/sosy-lab/software/metaval
https://ultimate.informatik.uni-freiburg.de
https://gitlab.com/sosy-lab/software/metaval
https://ultimate.informatik.uni-freiburg.de
https://ultimate.informatik.uni-freiburg.de
https://cpachecker.sosy-lab.org/
https://gitlab.com/sosy-lab/software/metaval
https://cpachecker.sosy-lab.org/
https://ultimate.informatik.uni-freiburg.de
https://gitlab.com/sosy-lab/software/metaval
https://ultimate.informatik.uni-freiburg.de
https://cpachecker.sosy-lab.org/
https://gitlab.com/sosy-lab/software/metaval

514 Dirk Beyer

correct®. Further details are given in the proposal [37]. This schema relates to
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 and 13 show the rankings of the validators. False alarms in Table 12
are claims of a validator that the program contains a bug described by a given
violation witness although the program is correct (the validator confirms a wrong
violation witness). Wrong proofs in Table 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).
The scoring schema significantly punishes results that confirm a wrong verification
witness, as visible for validator MeTaVAL in Table 13.

Table 13 shows that there are categories that are supported by less than
three validators (‘missing validators’). This reveals a remarkable gap in software-
verification research:

There are verification results that cannot be independently confirmed,
according to the state of the art in software verification.

6 Conclusion

The 12th edition of the Competition on Software Verification (SV-COMP 2023)
again increased the number of participating systems and gave the largest ever
overview over software-verification tools, with 52 participating verification systems
(incl. 9 new verifiers and 18 hors-concours; see Fig. 5 for the participation numbers
and Table 5 for the details). For the first time, a thorough comparative evaluation
of 10 validation tools was performed; the validation tools were assessed in a
similar manner as in the verification track, using a community-agreed scoring
schema [37] which is derived from the scoring schema of the verification track.
The number of verification tasks in SV-COMP 2023 was significantly increased
to 23805 in the C category. The high quality standards of the TACAS conference
are ensured by a competition jury, with a member from each actively participating
team. We hope that the broad overview of verification tools stimulates the further
advancements of software verification, and in particular, the validation track
showed some open problems that should be addressed.

Data-Availability Statement. The verification tasks and results of the compe-
tition 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
repositories, as specified in Table 2. For easy access, the results are presented also
online on the competition web site https://sv-comp.sosy-1lab.org/2023/results. The
main results were reproduced in an independent reproduction study [66].
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