universitatfreiburg

Uncovering and Classifying Bugs in MaxSAT
Solvers through Fuzzing and Delta Debugging

Tobias Paxian, Armin Biere
paxiant|biere@informatik.uni-freiburg.de

14th Pragmatics of SAT international workshop



Demonstration



Toolchain: WCNFuzz



Toolchain: WCNFuzz

Fuzzer: Where the really hard problems are.
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Toolchain: WCNFuzz

Fuzzer: Where the really hard problems are.
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Toolchain: WCNFuzz
WCNF generation

Statistics (1,000,000 instances)
+ on average 516 (424 hard / 92 soft) clauses
+ on average 2251 literals
« = average clause size 4.36
+ 13% are without soft clauses (pure SAT)
+ 0.6% are without hard clauses (pure MaxSAT)
+ 86% are satisfiable and 41.9% with o-value 0
« 5.6% have a solution > 232



Toolchain: WCNFcompare



Toolchain: WCNFcompare
Comparing MaxSAT Solver

Rank |MaxSAT Solver

1. & 2.|CASHWMAXSAT |Lei et al. [2022], Wang et al. [2022]

3. & 7.|UWRMAXSAT Piotrow [2022]

4. MAXHS Bacchus [2022]

5. & 6.]\WMAxCDCL Coll et al. [2022a,b]

8. EVALMAXSAT Avellaneda et al. [2022]

9. CGSS Ihalainen et al. [2022b]

10. EXACT Devriendt [2022]

6. PACOSE Paxian et al. [2018]
Z3RC2 De Moura and Bjgrner [2008], Bjarner et al. [2015]
Z3MAXRES De Moura and Bjgrner [2008], Bjarner et al. [2015]
Z3WMAX De Moura and Bjgrner [2008], Bjgrner et al. [2015]
MAXPRE 2.0 Ihalainen et al. [2022a], Korhonen et al. [2017]




Toolchain: WCNFcompare
Fault Classification

1. Crashes (SIGABRT, SIGSEGV, SIGKILL, ...)
2. Bound Violations:
2.1 Omin < Osolver and Osolver == Omodel
2.2 Osolver 7é Omodel and Omodel 7é Omin and Osolver 7é Omin -
2.3 Either Omodel OF Osover UNEQUals Omin-
2.4 Model is UNSAT.
2.5 Solver states UNSAT, but instance is SAT.
3. Performance Regressions:
3.1 Potential Fault: Timeout > 50 times of successful solvers.
4. Other Issues:
4.1 Solver has an error either stated in stdout or stderr.
4.2 Inconsistency in status line and output.

Omin := mMinimal value of all solvers
Osolver := O value solver
Omodel := 0 value of the model
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Toolchain: WCNFddmin
WCNF Delta Debugging — Test Case Reduction

| failure occurs in WCNF formula
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[Zeller and Hildebrandt, 2002, Zeller, 2009]
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Toolchain: WCNFddmin
WCNF Delta Debugging

WCNFddmin functionality

Removing Clauses
Removing Variables

« Removing Literals

NEW Converting soft to hard clauses
NEW Weight reduction to 1
NEW Binary weight reduction phase

NEW Multiple Rounds

« NEW Shuffling Clauses

NEW Shuffling Literals
NEW Reorder Variables



Toolchain: WCNFddmin
WCNF Delta Debugging

Statistics (555 instances)

hard soft
clauses clauses clauses literals

median 97.59% 99.13% 90.40% 99.26%
average 91.67% 94.39% 74.46% 95.72%
#0% 0 0 46 0
#100% 12 74 12 12
no clauses 4 13




Demonstration: Toolchain



Results



Fuzzing Cr. | Bound Violations Perf | Others | sum
1 < sow < 232 1.]21. 22. 23. 24. 25| 3.|4.1. 4.2.| faults
CASHWMS-CP 1ed 1e4 2e4 1 4e4
CASHWMS-Plus 1e4 1ed 2e4 1 4e4
UWrMaxSat-Scip 3e4 5e4 5e4 266 1e5
MaxHS 1|6e4 3e4 5e4 2e4 | 1e4 8e3| 2e5
WMaxCDCL 9 2e5 2 2e5
WMaxCDCL-BA 9 2e5 2 2e5
UWrMaxSat 2 2
EvalMaxSAT

CGSS 3e5| 39 3e5
Exact 1 4 5
Pacose 3e5 11 12 23| 3e5
Z3-maxres 78 12 5 95
Z3-wmax 2e6 | 2e6
Z3-rc2 7e5 5e4 2 8e5
maxpre2+EvalMS | 2e5 9e4 2e6 2e6
# faults 7e5|9e5 2e5 2e5 3eb 2e4 |1ed4 2e6 | 7eb
# faulty solver 4/ 9 7 9 6 2/ 4 3| 44




Delta Debugging | Cr. | Bound Violations Perf | Others | sum
1 < sow < 232 .|21. 22. 23. 24. 25.| 3.|4.1. 4.2, faults
CASHWMS-CP 6e3 9e3 2e4 260 3e4
CASHWMS-Plus 6e3 9e3 2e4 260 3e4
UWrMaxSat-Scip 7e3 1e4 2e4 505 4e4
MaxHS 2e4 1e4 2e4 1e4 | 2e3 9e3 | 7e4
WMaxCDCL 2e3 3e4 932 3e4
WMaxCDCL-BA . 2e3 3e4 932 3e4
UWrMaxSat 792 2e3
EvalMaxSAT 822
CGSS '2e4 | 9e3 2e4
Exact 1e3 2e3 3e3
Pacose 889 1e3 2e3 | 3e4
Z3-maxres 5e3 1e3 2e3 '359] 8e3
Z3-wmax 3e5| 3e5
Z3-rc2 1e5 1e4 1e8 1e5
maxpre2+EvalMS | 4e4 4e4 2e5 2e5
# faults 8e4 | 2e5 6e4 1e5 2e5 2e4 |5e3 3e5| 1e6
# faulty solver 12, 11 7 10 7 O 4, 6 3| 60




Fuzzing .| Bound Violations Perf | Others | sum
232 -gow <2641 .|2.1. 22. 2.3. 2.4. 25.

CASHWMS-CP 3e3 5e3 8e4

CASHWMS-Plus 3e3 5e3 8e4 9e4
UWrMaxSat-Scip 8e3 2e4 9e4 1e5
MaxHS | 1|2e4 8e3 3e4 5e3 | 4e3 3e3| 7e4
WMaxCDCL 3e3 5e4 3e4 1e5
WMaxCDCL-BA -3e3 5e4. 3e4 1e5
UWrMaxSat 14 14
EvalMaxSAT

CGSS 17 [anses) 3e4
Exact 12
Pacose 9¢e4 10| 9e4
Z3-maxres 7e3 3e4 6e3 1e5
Z3-wmax 4e5| 5e5
Z3-rc2 1e5 4e4 4e8 3e5
maxpre2+EvalMS | 8e3 2e4 4e5 5e5
# faults 1e5(2e5 1e5 4e5 5e5 3e5| 6e3|6e4 4e5| 2e6
# faulty solver 8 11 10 11 6 5| 100 6 3| 70




Delta Debugging | Cr. | Bound Violations Perf | Others | sum
232 sow<264—1 | 1./2.1. 22. 23. 24. 25.| 3.|4.1. 4.2.| faults
CASHWMS-CP |2e3|1e4 7e4 3e5 1e4 1e4 4e5
CASHWMS-Plus |2e3|1e4 7e4 3e5 1e4 | 1e4 4e5
UWrMaxSat-Scip | 1e3 | 1e4 1e5 3e5 265 5e3 | 6e3 4e5
MaxHS 395 |3e4 3e4 1eb 3e4 (9e3 5e3| 2e5
WMaxCDCL 2e3[3e3 7e3 3e4 7e4 4ed | 1ed | 2e5 3e5
WMaxCDCL-BA |3e3|3e3 7e3 3e4 7e4 4e4d | 1ed |2e5 3e5
UWrMaxSat 609 4 613
EvalMaxSAT

CGSS 5e3 2e3 1e5 1e5
Exact 4e3 4e3
Pacose 3e5 3 3 268 3e3 | 3e5
Z3-maxres 3e4 8e4 3e4 4e5 | 2e3 5e5
Z3-wmax 374 2e3 9e3 1e3 4e5 7e5| 1e6
Z3-rc2 2e5 1e5 3e4 4e5 | 646 8e5
maxpre2+EvalMS | 5e4 7e4 9e5 1e6
# faults 3e5|3e5 5e5 1e6 1e6 1e6 | 9e4 |4e5 7e5| 6eb6
# faulty solver 8 11 11 12 6 5 11 7 3| 74




Results
Additional rules for MSE solver

- The empty instance
—> should yield a weight "o 0"
—> status line s OPTIMUM FOUND*.

« An empty hard clause results in an unsatisfiable instance.
« An empty soft clause should be unsatisfiable.

« An unsatisfiable instance
—> status line s UNSATISFIABLE".

« Exit code of a solver is 0 for all results but "s UNKNOWN".



Results
Regression Suite

- Empty instance, empty soft/hard clauses.

« Non trivial reducible maximal weight instances with a
maximum single weight 2% — 1 and a maximal sum of
weights 264 — 2,

- Simple unsatisfiable instances.

- Tautology soft/hard clauses.

« With our fuzzer created and delta debugged instances for
each fault class-solver combination, causing each at least
one solver to crash.

https://cca.informatik.uni-freiburg.de/maxsatfuzz/
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Conclusion



Conclusion

+ Uncovering bugs in almost all MaxSAT evaluation solver.
- New delta debugging techniques further shrinking.

+ Logging while delta debugging uncovering additional faults.
- MaxSAT Regression suite.

+ Proposal for additional MaxSAT Evaluation rules.

Future Work

+ Unweighted / incremental MaxSAT fuzzing.
- Testing existing MaxSAT instance generation tools.

https://cca.informatik.uni-freiburg.de/maxsatfuzz/
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