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Maximum Satisfiability (MaxSAT) [31, 4] is a combinatorial optimization
paradigm where a so-called solver searches for a solution to a propositional
formula while simultaneously optimizing a linear objective function. Extensive
research in the field has led to highly efficient solving algorithms. This has been
witnessed year after year by an increase in performance of the participating
solvers in the annual MaxSAT evaluation [19]. Unfortunately, the constant race
for more efficient combinatorial solving algorithms comes at a price: the develop-
ment of complex software often leads to the introduction of bugs and erroneous
reasoning, which may even result in incorrect outcomes [14, 13]. One way to mit-
igate this incorrectness is by designing certifying algorithms [1, 35]. A certifying
algorithm does not only produce an answer to its input, but also produces an
easily verifiable proof, called a certificate, of the correctness of its answer. An
independent and simpler proof checker then verifies if the provided certificate
indeed proves the correctness of the solver’s answer for the given input.

In Satisfiability Checking (SAT) [9], proof logging is now common practice.
For over a decade, producing certificates has been a mandatory requirement
for solvers in the main-track of the yearly SAT competition. For SAT, several
practical proof systems have been developed [24, 44, 15, 16, 8]. Unfortunately, for
other formalisms, such as MaxSAT, proof logging is often still out of reach.
Even for MaxSAT solvers that make use of repeated calls to SAT solvers, proof
systems for SAT are not usable since they have no mechanism to reason about the
optimality of a solution, which is crucial for MaxSAT. Additionally, in contrast
to SAT (where all state-of-the-art solvers implement variations of the CDCL
algorithm), MaxSAT algorithms exhibit much more diversity [31, 4]. While proof
systems tailored towards MaxSAT have been proposed [29, 25, 11, 12, 30, 36, 39,
33, 34, 32], none of them can capture this wide variety of MaxSAT solvers.

Recently, VeriPB [18, 23, 21, 20, 10] was introduced as a proof system that
reasons over 0–1 integer linear inequalities, also known as pseudo-Boolean con-
straints, and has been utilized for certifying a broad spectrum of solving tech-
niques, including graph solving [21, 20], advanced SAT solving [23, 10] and con-
straint programming [18, 22]. In this thesis [40], we propose to use the VeriPB
proof system as a general-purpose proof system for certifying MaxSAT solvers.

We demonstrate that VeriPB can be be used to certify two main classes
of MaxSAT algorithms. More specifically, we add proof logging to the model-
improving solver QMaxSAT [28] as well as the core-guided solver CGSS [27].

CGSS is a state-of-the-art MaxSAT solver implementing a so-called core-
guided search algorithm. This makes that, to the best of our knowledge, our
certifying version of CGSS is the first state-of-the-art MaxSAT solver with proof
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logging capabilities. Moreover, CGSS is an extension to RC2 [26], which is ar-
guably the most-commonly used MaxSAT solver in practice. Our implementa-
tion of the certified version of CGSS also demonstrates how to certify mod-
ern heuristics, such as hardening [2], the intrinsic-at-most-ones technique [26],
weight-aware core extraction [7], and structure sharing [27].

The other solver we equip with proof logging capabilities, QMaxSAT, imple-
ments the (simpler) model-improving search paradigm. The difficulty in proof
logging QMaxSAT lies in certifying different ways of encoding pseudo-Boolean
constraints as propositional formulas. This step is required since QMaxSAT
works by repeatedly calling a SAT oracle, asking for a solution that is better
than the previously found one. The constraint “the next solution should be bet-
ter” is naturally expressed as a pseudo-Boolean formula; however, SAT solvers
do not understand this. We show how to certify the totalizer encoding [5], binary
adder [43], modulo-based totalizer [38] and cardinality networks [17, 3].

Our experimental evaluation suggests that the overhead induced by proof log-
ging is limited in most cases. Where proof logging induces overhead, preliminary
tests suggest that there is still room for improvement in the technical imple-
mentation. The same holds for the time necessary to validate the proofs: while
in many cases the proof is validated within a reasonable time period, VeriPB
is currently under active development to increase its performance, especially on
the reverse unit propagation rule, which seemed to be one of the biggest sources
of performance issues in the proof checker [42, 37].

Interestingly, our experiments also exemplified the importance of proof log-
ging by revealing two bugs in CGSS and RC2. These bugs never resulted in any
wrong results on any of the benchmarks used. However, thanks to proof logging,
we were able to detect that the reasoning happening was actually faulty. After
a careful analysis, we created an example where this incorrect reasoning leads
to an incorrect answer. This showcases the value of proof logging as a testing
and debugging methodology. Of course, proof logging can never be used to get
guarantees of correctness of the solver; when a proof is accepted by the checker,
the only guarantee we get is that the answer is correct and is obtained using
correct reasoning. This thesis contributes to obtain such guarantees for answers
obtained by using MaxSAT solvers. Specifically, by combining the work on core-
guided and model-improving search, this thesis shows that out of the four major
families of MaxSAT algorithms, two (namely core-guided and model-improving
search) are certifiable using the VeriPB proof system. The other two major fam-
ilies (implicit hitting-set search and branch-and-bound) remain for future work.
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