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Abstract. We present a distributed platform for massively parallel SMT
solving that supports various theories for bit-precise reasoning, with and
without quantifiers and push-pop incrementality. Our system is based
on an integration of the state-of-the-art SMT solver Bitwuzla into the
distributed job scheduling and automated reasoning platform Mallob,
which allows Bitwuzla to make heavy use of Mallob’s distributed incre-
mental SAT solving engine. Our experimental evaluation shows that this
approach outperforms prior SMT parallelization approaches and achieves
unprecedented speedups at up to 768 cores.
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1 Introduction

Satisfiability Modulo Theories (SMT) solvers are integrated as the back-end
reasoning engines in a wide range of applications of computer-aided verifica-
tion, both in academia and industry. For many of these applications, bit-precise
reasoning in the theory of fixed-size bit-vectors is a key requirement.

The dominant, state-of-the-art approach for solving bit-vector formulas in
SMT is a technique called bit-blasting [23], an eager reduction of bit-vector con-
straints to propositional satisfiability (SAT). Bit-blasting is usually combined
with aggressive simplifications of the input constraints prior to the actual re-
duction step. This technique is surprisingly efficient in practice, mainly due to
the fact that state-of-the-art SAT solvers are able to efficiently deal with com-
plex formulas over millions of variables. To render interrelated calls to the SAT
solver more efficient, SMT solvers commonly exploit incremental SAT solving,
where the SAT solver state is preserved across solving calls [3,13]. In the context
of bit-blasting, such interrelated calls occur not only in incremental SMT solv-
ing, but also for abstraction-refinement-based techniques such as [32], and when
combining the theory of fixed-size bit-vectors with other theories. Regardless,
the back-end SAT solver of the procedure remains its main potential bottleneck.
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In recent years, parallel and distributed SAT solvers have increasingly gained
traction [11, 20, 43]. Some of the best available systems use careful clause shar-
ing across SAT solver threads to solve challenging problems hundreds of times
faster than their state-of-the-art sequential counterparts [42, 44]. In particular,
the state-of-the-art distributed SAT solving platform Mallob [44] allows to solve
many SAT tasks in parallel and on demand, balances the available computational
resources among them in a flexible fashion [37], and efficiently handles incremen-
tal SAT solving queries at a distributed scale for individual tasks [40,41]. Still, as
of yet, we are unaware of any published works that exploit this power for SMT.

In this work, we specifically focus on accelerating the state-of-the-art SMT
solver Bitwuzla [29], which supports reasoning over the (quantified and quantifier-
free) theories of fixed-size bit-vectors and floating-point arithmetic, in com-
bination with arrays and uninterpreted functions. The architecture of Bitwu-
zla is based on the counter-example guided abstraction refinement (CEGAR)
paradigm [10]. Specifically, Bitwuzla implements the lazy SMT technique lem-
mas on demand [6, 28], but with a bit-blasting bit-vector solver (instead of a
propositional abstraction) at its core. At the back end, the SAT solver is inte-
grated in an offline fashion. This is in contrast to the classic CDCL(T ) frame-
work [15,33], which refines a propositional abstraction of the input via low-level,
fine-grained interactions between the SAT solver and the theory solvers.

Contribution. We present an integration of the bit-blasting SMT solver Bitwuzla
with distributed, on-demand incremental SAT solving in Mallob. Our work takes
advantage of recent advances in parallel and distributed SAT solving in the
context of SMT solving based on bit-blasting. This yields a scalable, parallel
and distributed SMT solver for bit-precise reasoning.

Bitwuzla is integrated as a new application engine of the Mallob system and
submits incremental SAT solving tasks to the distributed scheduler. This not
only combines the advantages of bit-precise reasoning as implemented in Bitwu-
zla and parallel and distributed SAT solving as provided by Mallob, but offers
remarkable synergies. First, we exploit the fact that almost all of Bitwuzla’s
non-trivial reasoning, and thus the vast majority of its solving time, is spent
in plain incremental SAT solving, which is much easier to parallelize than the
fine-grained interactions loop of CDCL(T ). Second, using a flexible on-demand
scheduler allows to maintain several distinct SAT solving tasks (a common pat-
tern when spawning sub-solvers in quantified reasoning) and to shift the dis-
tributed resources to the task that has use for them. Third, the use of incremental
SAT solving enables highly efficient and low-latency SAT queries while keeping
distributed communication at a minimum. Finally, in contrast to more theory-
specific parallelization efforts targeting the bit-vector theory [36, 49], replacing
the bit-blasting solver’s back-end SAT solver with a parallel and distributed
SAT solver is theory agnostic. Parallelization on the SAT level benefits every
supported theory (and combination) while retaining the full expressive power
and versatility of Bitwuzla.

We evaluate our system, which we refer to as Bitwuzllob, on up to 768 cores
(16 compute nodes) and show that it outperforms and outscales prior related
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parallel SMT approaches significantly. Our results suggest that Bitwuzllob
promises to serve as a solid base for future, theory-specific parallelization efforts
in the context of bit-precise reasoning.

Related Work. State-of-the-art parallel and distributed SMT solving strategies
can largely be divided into portfolio solving and partitioning. Portfolio solv-
ing configures multiple different solvers (or configurations of a solver) that at-
tempt to solve the same SMT problem in parallel. Partitioning is a divide-and-
conquer strategy where a problem is partitioned into independent subproblems
that are solved in parallel. Some parallel SMT techniques are based on partition-
ing only [22,48], but the majority relies (at least partly) on a portfolio strategy, in
combination with information sharing and partitioning [5,21,25,26,46]. Most of
these approaches are in principle theory agnostic, but have not been evaluated in
the context of incremental SMT solving and bit-precise reasoning. Furthermore,
none of them exploit parallel and distributed SAT solving techniques.

Parallelization techniques for the theory of fixed-size bit-vectors have received
little attention so far. Reisenberger [36] explored a cube-and-conquer-style par-
titioning technique, implemented as a prototype on top of an outdated version
of Boolector [31], with limited success. STP-Parti-Bitwuzla [49], a recent par-
ticipant in the parallel bit-vector track of SMT-COMP 2025 [1], implements a
partitioning strategy similar to [48] on top of Bitwuzla. Recently, the shared-
memory parallel SAT solver Gimsatul [16] was integrated as a SAT backend of
Bitwuzla [30]. Gimsatul, however, does not support incremental solving, and is
thus reinitialized for every SAT query.

2 Parallel and Distributed SAT Solving with Mallob

Consider a propositional formula ϕ =
∧n

i=1 Ci in conjunctive normal form (CNF)
where clauses Ci =

∨ki

j=1 lij are disjunctions of literals and each literal lij is
a Boolean variable or its negation. The problem of propositional satisfiabil-
ity (SAT) is to decide whether there exists a variable assignment that satis-
fies ϕ. Today’s most efficient SAT solvers are based on Conflict-Driven Clause
Learning (CDCL) [27], which involves a search over the space of partial variable
assignments while bookkeeping conflict clauses derived from logical conflicts.

Many applications of SAT solvers exploit a mode of operation called incre-
mental SAT solving [3, 13] where, once a solver returns a satisfiability result
for some formula ϕ, the user can specify additional clauses C and query the
same solver instance on the resulting formula ϕ′ := ϕ ∪ C. Furthermore, each
satisfiability query can be supplied with a number of assumption literals, which
are enforced to hold for this query only. Incremental SAT solving offers efficient
interaction schemes on interrelated and evolving problems since it allows the
solver to preserve its knowledge base across incremental solving calls.

In parallel and distributed SAT solving, a common approach is to run a
sequential SAT solver thread on each available core and let the solver threads
cooperate by means of exchanging useful conflict clauses they find during their
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search [2,8,19,38,45,47]. Recent insights indicate that this clause-sharing strat-
egy [44] can lead to good scalability up to hundreds, and even thousands of
cores, even if all solver threads operate on the same, original formula and are
configured and initialized in (almost) the exact same way [42].

Mallob is a distributed job scheduling and automated reasoning platform [44]
that allows to schedule, balance, and solve many SAT (and other) tasks at once,
in an on-demand fashion. The amount of computational resources allotted to
a certain task can increase or decrease during the task’s execution via so-called
malleable job scheduling, subject to the overall system state (i.e., the number and
demands of active jobs vs. the amount of available computational resources) [37].
The state-of-the-art parallel and distributed SAT solving engine MallobSat is
tightly integrated in Mallob and offers full support for incremental SAT solv-
ing [40]. Recently, Mallob’s combination of distributed incremental SAT solving
with flexible multi-tasking was exploited for distributed MaxSAT solving [41].

3 Bit-Precise SMT Solving in Bitwuzla

Satisfiability Modulo Theories (SMT) is the problem of determining whether a
first-order formula is satisfiable with respect to some background theories (for
an introduction to SMT, see, e.g., [7]). Prominent examples of such background
theories are the theories of fixed-size bit-vectors, arrays, integer arithmetic, real
arithmetic and strings. In the following, we consider background theories as
defined in SMT-LIB [4] and assume the usual notions and terminology of many-
sorted first-order logic with equality (see, e.g., [14, 24]).

Bitwuzla [29] is a state-of-the-art SMT solver specialized for bit-precise rea-
soning. It supports the theories of fixed-size bit-vectors and floating-point arith-
metic, in combination with arrays and uninterpreted functions, with and without
quantifiers. Bitwuzla implements an abstraction-refinement-based SMT paradigm
called lemmas on demand [6, 28], but with a bit-vector abstraction (and thus a
bit-vector solver) instead of a propositional abstraction at its core. Atoms and
terms that do not belong to the bit-vector theory are abstracted as uninterpreted
Boolean and bit-vector constants, respectively. These abstracted terms are then
handled by the corresponding theory solvers. The bit-vector abstraction is bit-
blasted to propositional logic, and deciding its satisfiability is delegated to the
back-end SAT solver. The general architecture of Bitwuzla is shown in Figure 1.

Given a formula ϕ, prior to solving, Bitwuzla aggressively applies simplifica-
tion techniques as a preprocessing step. In the refinement loop of the lemmas
on demand architecture, given the preprocessed formula ϕ′ and the current set
of refinement lemmas L, the bit-vector solver is responsible for deciding the
satisfiability of the bit-vector abstraction A(ϕ′ ∪L) (initially, L = ∅). If the bit-
vector solver determines that the abstraction is unsatisfiable, it concludes with
unsat (since A is an over-approximation of the original problem ϕ). Otherwise,
it produces a model for A, which must be checked for consistency with respect
to theory axioms by each theory solver. If a theory solvers determines that the
model is inconsistent, it generates and adds a theory lemma to L, thus refin-
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Fig. 1. Bitwuzla solver architecture.

ing A and ruling out the spurious model. This loop incrementally refines A until
either A is determined to be unsatisfiable, or all theory solvers agree that the
current model is consistent with their theory axioms, and thus, ϕ is sat.

Note that for floating-point arithmetic, Bitwuzla implements a technique
called word-blasting, which translates floating-point terms to bit-vectors terms,
thus heavily relying on the bit-vector solver. A more detailed introduction to
Bitwuzla’s architecture and theory solvers can be found in [29].

The main bit-vector solving procedure in Bitwuzla implements a CEGAR-
based abstraction-refinement approach for bit-vector arithmetic based on bit-
blasting [32]. This technique introduces and iteratively refines abstractions for
arithmetic operations {·,÷, mod}, which are expensive for bit-blasting for large
bit-widths due to the complexity of their bit-level circuit representation. It seam-
lessly integrates into Bitwuzla’s lemmas on demand architecture.

Bitwuzla’s bit-vector solver is used incrementally on different levels. On the
user-facing side, Bitwuzla provides incremental solving capabilities via push-pop
incrementality and solving under assumptions. But even for non-incremental
SMT queries, Bitwuzla’s bit-vector solver is used incrementally within the lem-
mas on demand loop. Consequently, Bitwuzla’s bit-blasting solver heavily relies
on the incremental solving capabilities of its default SAT backend CaDiCaL [9].

4 Integrating Bitwuzla with Mallob

We now describe our parallel and distributed SMT solver, which we refer to as
Bitwuzllob, as an integration of Bitwuzla into the Mallob platform.

Figure 2 provides a general overview of our system. At the top level, the
system can be used as a plain SMT solver similar to unmodified Bitwuzla: it
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Fig. 2. Overview of our system’s architecture (inspired by [41]). While only one SMT
interaction is displayed, a single execution of the system can also handle several such
interactions concurrently while balancing the available distributed resources among
them. Each “∼” illustrates an incremental SAT solver thread.

processes user input in the SMT-LIB format and provides the expected output,
e.g., the model of a satisfiable query after a (get-model) command. At the back
end, however, we reworked how Bitwuzla performs SAT solving.

Depending on the input problem, Bitwuzla’s execution involves either one sin-
gle or several co-existing SAT solver instances. Since Bitwuzla is purely sequen-
tial, at most one of these instances is active at any point in time. In Bitwuzl-
lob, each of Bitwuzla’s SAT solver instances now corresponds to a more complex
SAT adapter object in the Mallob system instead of a plain CaDiCaL instance.
We describe in Section 4.2 how we interfaced the two systems.

Each SAT adapter processes incoming SAT solving calls in two orthogonal
ways in parallel. First, a latency hiding head thread runs a sequential CaDiCaL
instance to intercept trivial SAT calls, as explained in more detail in Section 4.3.
Second, a distributed incremental SAT solving task is deployed in Mallob to con-
quer non-trivial SAT calls. There is a 1:1 correspondence between SAT adapters
and distributed incremental SAT solving tasks. However, a distributed task may
be delayed in its deployment (if all SAT solving calls thus far are trivial, see Sec-
tion 4.3) and a deployed, yet inactive distributed task may be terminated if too
many inactive tasks are present in the system. Terminated tasks are potentially
re-deployed at a later point (see Section 4.4 for further details).

4.1 User Interface

Launching Bitwuzllob is done in the same way as launching Mallob. Since
Mallob is based on the Message Passing Interface (MPI), an MPI wrapper such
as mpirun or mpiexec is used to run p ≥ 1 interconnected incarnations of the
mallob executable, which can be distributed across 1 ≤ m ≤ p physical ma-
chines. The mapping of the p MPI processes to machines and cores can be config-
ured via additional arguments to the MPI wrapper. For m = p = 1 (single-node,
single-process), mallob can be executed directly without using an MPI wrapper.
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$ mpirun -np 4 build/mallob -q -t=48 & # Launch Mallob/Bitwuzllob
[1] 129857
$ mkfifo smt-output.pipe # Create named pipe for output
$ cat job.json # Show JSON submission file
{

"user": "myname",
"name": "job1",
"application": "SMT",
"files": ["smt-input.smt2"],
"priority": 1.0,
"configuration": {"smt-out-file": "smt-output.pipe"}

}
$ cp job.json .api/jobs.0/in/ # Submit SMT job
$ cat smt-output.pipe # Fetch SMT solver output
sat
(

(define-fun s () (_ BitVec 512) #b00000000 ... 00000110)
(define-fun t () (_ BitVec 512) #b00000000 ... 00000000)

)
$ pkill -2 mpirun ; rm smt-output.pipe # Clean up

Fig. 3. Example user interaction with Bitwuzllob in its on-demand mode of opera-
tion. After launching Bitwuzllob as a service (with four processes à 48 threads), an
SMT solving task is submitted by copying a basic JSON file describing the task to a
watched API directory. The output is then read from the specified output file (which, in
this case, was set to a named pipe special file for direct inter-process communication).
Note that the SMT input (specified as smt-input.smt2 here) could also be set to a
named pipe to feed SMT commands to Bitwuzllob interactively.

Just like Mallob [39, 43], Bitwuzllob supports two modes of operation:
mono and on-demand. In the mono mode of operation, a path to a single SMT
instance is given via the command-line (-mono-app=SMT -mono=<file>) when
launching the system. Bitwuzllob solves this instance and then terminates. In
the on-demand mode, the system is launched without providing such a single
instance to solve. Instead, a configurable subset of the system’s processes, called
client processes, listen for incoming SMT tasks, which users can submit to
the system at any time over a filesystem-based JSON interface. Whenever a
client receives an SMT task, it locally launches a procedure as shown in Figure 2
(left). Figure 3 illustrates an example for launching and using Bitwuzllob in
its on-demand mode to solve an SMT task. Internally, the mono mode is in fact
only a special case of the on-demand mode, where exactly one client process is
initialized and programmatically receives the singular input instance to process.

The distributed computational resources are balanced dynamically among
all distributed SAT tasks spawned by the active SMT task(s) (cf. [37, 41]). If
desired, the output of the internal Bitwuzla procedure of an SMT task can be
directed to an output file by the client process that hosts the SMT task (specified
via command-line option -smt-out-file in the mono setting, and JSON option
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"smt-out-file" in the on-demand setting). For incremental and interactive
SMT solving use cases, the SMT input file and/or output file are initialized as
named pipes, which allows interacting with Bitwuzllob by successively reading
from and/or writing to these pipes. SMT solving can be configured globally via
the command-line option -bitwuzla-args, or locally (i.e., specific to a certain
SMT task) via statements in the SMT-LIB input.

4.2 Interfacing Bitwuzla and Mallob

In the following, we describe the interface we established between the Bitwuzla
and Mallob systems, as well as the underlying rationale.

Exploiting Mallob for an application of incremental SAT solving is possible
via (at least) two avenues. The first option is to connect the application to
a running client process via Mallob’s provided bridge interface [40] or similar
interfacing code. Internally, the application uses a file system to submit tasks to
a Mallob process and receive corresponding feedback. The application (Bitwuzla)
and the distributed program (Mallob) thus remain as separate systems.

The second option is to integrate the application into Mallob itself (cf. [41]).
This requires adding application code to the Mallob project, to be executed
whenever a job for the target application arrives. This option allows the appli-
cation to deploy sub-tasks (such as incremental SAT solving tasks) to Mallob
programmatically and thus much more efficiently than with the first option.

For the sake of efficiency and ease of use, we decided on the second option
and implemented Bitwuzllob as a stand-alone distributed SMT solver by in-
tegrating Bitwuzla into Mallob as a new application engine. For this purpose,
we extended the public API of Bitwuzla to allow the injection of an external
SAT solver factory for constructing SAT solver instances. We further added an
application handler for SMT to Mallob, which executes Bitwuzla on the input
problem in a dedicated thread within the hosting client process. Instead of using
Bitwuzla’s internal SAT solver factory to create SAT solver instances, Mallob
now acts as the SAT solver factory, constructing instances of our SAT adapter.

4.3 Latency Reduction

Bitwuzla commonly produces incremental SAT queries that feature a large num-
ber (potentially thousands) of solving calls, many of which are trivial. In practice,
low latencies for individual, trivial SAT solving calls are as crucial for perfor-
mance as high parallel speedups for challenging ones. Mallob has been tuned
to reduce latencies for trivial SAT calls before [40, 41], but we observed that
latencies of around 5-10ms per call were still common.

In order to reduce latencies even further, we therefore introduce a so-called
latency-hiding head thread within the host process. In addition to the distributed
SAT job dispatch, we locally run a single sequential SAT solver thread that at-
tempts to solve the same problems as the distributed solver in the background.
As such, we have two independent SAT solver actors, a local one and a dis-
tributed one, for each incremental stream of SAT calls. If one of these actors
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succeeds in solving incremental revisions 0 through k while the other actor is
still occupied with revision j < k, the actor is interrupted. Subsequently, the in-
terrupted actor receives revisions j, j + 1, . . . , k as a single contracted increment
that features the clauses of revision j to k and the assumption literals of k.

As a result, if an SMT input yields thousands of trivial SAT calls followed by a
single challenging call, the distributed solver receives only one single, challenging
increment. We even take this a step further by deferring the initialization of the
distributed incremental SAT task alltogether, until an increment that cannot be
solved by the latency-hiding head thread within a few milliseconds is reached.

In order to account for the high number of incremental revisions arising from
some Bitwuzla runs, we also refactored Mallob’s inter-process communication.
In prior versions of Mallob, each MPI process transfers each formula increment
to its dedicated SAT solving sub-process by means of shared memory : the MPI
process allocates an appropriately sized shared memory segment, populates it
with the clauses of the next increment, and then notifies the SAT sub-process
that the segment can now be read. This eventually results in a large number of
concurrently open shared-memory segments and corresponding (virtual) files in
/dev/shm/ that require significant amounts of RAM, which may become detri-
mental to performance. Instead, Mallob now transfers formula information in a
buffered manner over a single, fixed-size shared memory segment. Double buffer-
ing and dedicated I/O threads are utilized to transfer data as fast as possible.

4.4 Limiting Concurrent Distributed Tasks

On SMT input problems with quantifiers, in each iteration of the lemmas on
demand loop, Bitwuzla creates an internal sub-solver instance for performing
checks on quantified formulas arising from model-based quantifier instantia-
tion (MBQI) [17]. The number of incremental sub-solver checks depends on the
number of active quantified formulas, and while performing an MBQI check
for a quantified formula, a sub-solver may create nested sub-solver instances if
the checked quantified formula contains nested quantified formulas. As a conse-
quence, the quantifiers module may create a large hierarchy of sub-solvers. Each
sub-solver is a fully functional (internal) Bitwuzla instance with a fresh SAT
solver, potentially resulting in a large number of SAT solver instances.

While at most one SAT solver instance is active at any point in time, each
suspended distributed solving task in Mallob exclusively blocks one MPI process,
until the task is terminated. As such, in a naïve implementation, an execution
with p Mallob processes will run into issues once Bitwuzla has created and used,
but not destroyed, SAT adapters T1, . . . , Tp, and then creates and uses another
SAT adapter Tp+1. While the latency-hiding solver thread of Tp+1 still pro-
gresses, the corresponding distributed task’s deployment is stalled indefinitely
since no process is available to deploy Tp+1 to.

We mitigate this issue by limiting the number of deployed distributed tasks
per SMT solving task to a user-defined parameter s ≤ p. If some SAT adapter is
about to deploy a distributed task that would exceed this limit, another adapter’s
inactive distributed task is evicted, i.e., terminated and cleaned up. In principle,
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any inactive task can be evicted since it can be re-deployed at a later point if and
when the corresponding adapter receives another SAT call. In practice, choosing
which task is best to evict can be non-trivial. Aspects to consider include the
size of a task’s formula (large problems take longer to re-deploy), the time of the
task’s creation (old solver instances might lose relevance), and the task’s total
solving time until now (significant knowledge may be lost when evicting a long
running task). Considering Bitwuzla’s approach to spawning sub-solvers, where
the oldest SAT task may often correspond to Bitwuzla’s main solver and is thus
likely to be reused, we decided on an eviction strategy that picks the task with
the lowest total runtime so far. We recommend to set s ≤ p/T , where T is the
maximum anticipated number of parallel SMT solving tasks, so that at least s
processes per SMT solving task are in fact available. In our experiments, where
only one SMT task is active at a time, we chose a conservative limit of s = p/2,
thus ensuring that an active SAT task can exploit at least half of all processes.

5 Evaluation

We evaluate Bitwuzllob in terms of SMT solving performance and scaling
behavior on non-incremental and incremental benchmarks of all supported logics
of the SMT-LIB benchmark library [34,35]. Runs in distributed environments are
costly and resource intensive, which requires a responsible use of computational
resources in our experimental design. As in previous work on distributed SAT
and MaxSAT solving [40, 41, 44], we therefore limit the wallclock runtime per
instance to 300 s. This time limit is justified not only by saving resources but also
by the observation that investing large amounts of resources should be traded
off with much lower wallclock runtimes (when considering the same inputs).

Further, the set of benchmarks in supported logics contains 156,307 non-
incremental and 25,464 incremental instances. Since considering the whole set is
not feasible for our experimental evaluation, we selected a modestly sized but di-
verse and representative benchmark set as follows. We first ran sequential Bitwu-
zla on all non-incremental and incremental benchmarks with a time limit of 1200
seconds and a memory limit of 8GB. For each logic, we then grouped all bench-
marks into six sets S1–S5 and Su based on the observed runtime. Sets S1–S5

contain all solved benchmarks that were solved in more than n and at most m sec-
onds, whereas Su contains all unsolved benchmarks. We used the following run-
time distribution for these sets: (n,m) ∈ {(5, 10), (10, 100), (100, 300), (300, 600),
(600, 1200)}. As a final step, we randomly sampled benchmarks from each group
with a distribution of 10/10/25/25/35/50 for S1/S2/S3/S4/S5/Su. In total, we
selected 1098 (96/134/180/117/116/455) non-incremental and 288 (60/64/63/28/
16/57) incremental benchmarks. Selecting benchmarks that were solved quickly
by the sequential version allows us to measure the overhead of our distributed
setup on easy instances, while more difficult benchmarks enable us to measure
and analyze its scaling behavior. Overall, we selected a larger number of harder
benchmarks, since our approach is more likely to be applied to hard instances.
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We compare our system against several existing approaches. As a most natu-
ral comparison, we run plain, sequential Bitwuzla, i.e., with its default CaDiCaL
backend. In addition, we test the three most relevant competitors in the paral-
lel track of the 2025 SMT competition: (1) Bitwuzla+Gimsatul (Gims+Bzla), a
version of Bitwuzla with the shared-memory parallel SAT solver Gimsatul [16]
instead of CaDiCaL as its SAT backend [30]; (2) STP-Parti-Bitwuzla (STP-P-
Bzla), a recent partitioning-based parallel SMT solver [48] that uses Bitwuzla
(with CaDiCaL) as its sequential SMT backend and participated in the non-
incremental QF_BV logic [49]; and (3) Yices2 (Yices), a parallel portfolio of Yices2
configurations that participated in the QF_ABV, QF_AUFBV, QF_BV, and QF_UFBV
logics (among other logics not supported by Bitwuzla) [12].

We ran all experiments on the cluster SuperMUC-NG, where each node fea-
tures a two-socket Intel Skylake Xeon Platinum 8174 processor clocked at 2.7
GHz with a total of 48 physical cores (96 hardware threads) and 96 GB of main
memory. Nodes are interconnected via Intel OmniPath and run Linux SLES.3

5.1 Solving Performance

In our first experiment, we compare Bitwuzllob to existing approaches on
commonly supported logics. Figure 4 (left) shows the results of all considered
systems on the commonly supported non-incremental QF_BV logic on a single
node with 48 cores. We ran this experiment on a single node since the competing
approaches are not distributed. The explicit search space partitioning approach
of STP-Parti-Bitwuzla results in a clear and consistent improvement over se-
quential Bitwuzla, but is outperformed by Bitwuzla with the parallel SAT solver
Gimsatul as a backend. Bitwuzllob performs similar to Gims+Bzla at lower
runtimes (< 20 s) and significantly outperforms all other approaches for higher
runtimes. The comparatively low number of instances solved by Yices can be
attributed to the fact that its parallel portfolio consists of one default configura-
tion for each logic, complemented with additional, orthogonal MCSAT-based [18]
configurations. These MCSAT-based configurations are highly efficient on some
fragments of QF_BV and less efficient on others, and our benchmark selection for
this logic seems to be less favorable for MCSAT-based approaches.

Figure 4 (right) complements our comparison on QF_BV with a comparison
of sequential Bitwuzla with the systems that support the entire set of selected
benchmarks. Interestingly, Bitwuzla’s parallel Gimsatul backend seems ineffec-
tive if evaluated over a combination of theories as it is outperformed by Bitwuzla
with the sequential CaDiCaL backend by a significant margin. This is likely due
to the fact that Gimsatul does not support incremental solving, and thus, Bitwu-
zla creates a fresh Gimsatul instance for each incremental SAT call. As a conse-
quence, the performance of Gims+Bzla suffers on incremental (SAT) workloads,
which are higher on instances that involve arrays, uninterpreted functions, and
quantifiers, even on the non-incremental benchmarks. Bitwuzllob, in contrast,
manages to drastically outperform sequential Bitwuzla.
3 https://doku.lrz.de/supermuc-ng-10745965.html

https://doku.lrz.de/supermuc-ng-10745965.html
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Fig. 4. Performance on non-incremental QF_BV instances (left) and the entire bench-
mark set (right) on a single node with 48 cores, with Bitwuzla as the sequential baseline.
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Bzla (bottom left), and Yices (bottom right), on 48 cores, showing all instances from
commonly supported logics. Left (right) plots use a time limit of 1200 s (300 s).
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Figure 5 shows a per-instance comparison of our approach on a single node
(48 cores) with the individual considered systems on the benchmarks of com-
monly supported logics. While we generally imposed a time limit of 300 s per
instance, we also conducted additional runs with an increased time limit of 1200 s
for a comparison of single-node Bitwuzllob with sequential Bitwuzla and STP-
Parti-Bitwuzla (the winner in logic QF_BV of the parallel track of SMT-COMP
2025) for a more complete picture, given in the left column of Figure 5. Overall,
Bitwuzllob clearly outperforms all other approaches. There are a few instances
on which Bitwuzllob seems to struggle that other parallel approaches solve
quickly, indicated by points at the top-left corner of plots. On these instances,
sequential Bitwuzla has a similarly bad performance behavior, which is also sug-
gested by the comparison plot on the top left of Figure 5, as it does not show this
behavior. We expect that improving the performance of the sequential solver on
these instances will also improve the performance of Bitwuzllob.

Tables 1 and 2 summarize the results of all considered systems with a time
limit of 300 s on a single node with 48 cores in terms of solved instances, solved
individual queries (for the case of incremental SMT instances), and Penalized
Average Runtime (PAR-2), which penalizes each timeout with twice the time
limit (i.e., 600 s). Logics not supported by a solver are indicated with a ‘–’, and
best results for each logic and metric are highlighted.

5.2 Scaling Performance

In our second experiment, we assess the scaling performance of our system.
Figure 6 (left) provides a general overview for runs scaling from 4–768 cores on 1–
16 nodes. Even at the lowest scale (1x4), our approach significantly outperforms
sequential Bitwuzla.4 We also observe consistent scaling-up to the highest scale
(16x48), with clear diminishing returns beyond four nodes (192 cores).

Table 3 complements these findings with detailed speedups achieved over
sequential Bitwuzla grouped by logic. Given a single SMT instance solved by the
sequential baseline as well as the parallel run, the parallel speedup is the ratio
between the sequential and the parallel (wallclock) runtime. We aggregate these
speedup measures, using the geometric mean, while only considering instances of
a certain minimum difficulty. For this, we first consider all non-trivial instances,
i.e., instances that sequential Bitwuzla solved in ≥ 1 s, and then narrow this
set down to the more challenging instances, i.e., instances solved by Bitwuzla
in ≥ 60 s. Across the majority of logics, our system scales consistently when
increasing the available computational resources, and also scales better for more
challenging instances. The non-incremental logics that benefit the most from our
parallelization are QF_BV, FP, and QF_BVFPLRA. Our system generally achieves
lower speedups for incremental instances, albeit still very respectable in some
cases (e.g., a speedup of 25.4 at 16 nodes for QF_BVFP).

4 Note that comparing a run of our system with < 48 solver threads to a run on ≥ 1
entire nodes is not entirely fair because the run with fewer threads has access to
relatively more resources (RAM, cache, hardware-threads for background tasks).
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Table 1. Performance on non-incremental benchmarks in terms of number of solved
instances (#) and Penalized Average Runtime (PAR-2) with a time limit of 300 s on a
single node with 48 cores. The best result for each logic and metric is highlighted.

Bitwuzla Gim+B B’b 1x48 B’b 4x48 B’b 16x48 Yices STPPB

# Logic # PAR-2 # PAR-2 # PAR-2 # PAR-2 # PAR-2 # PAR-2 # PAR-2

80 QF_ABV 38 361.2 23 467.7 42 317.4 46 287.8 47 280.2 30 404.2 – –
26 QF_ABVFP 21 141.9 21 147.5 23 84.1 24 66.8 24 61.4 – – – –
1 QF_ABVFPLRA 1 85.9 1 49.4 1 17.5 1 13.9 1 13.9 – – – –

23 QF_AUFBV 13 298.1 8 420.1 13 276.4 14 267.7 14 259.7 8 409.2 – –
155 QF_BV 40 474.8 79 332.2 109 233.5 118 191.9 122 169.3 18 538.1 63 398.8
23 QF_BVFP 22 73.1 22 36.6 22 36.0 23 18.0 23 14.1 – – – –
12 QF_BVFPLRA 8 248.8 12 75.8 12 11.4 12 9.0 12 6.8 – – – –
73 QF_FP 38 348.0 26 409.9 51 217.5 55 189.9 55 179.1 – – – –
10 QF_FPLRA 9 127.1 4 434.7 10 20.7 10 11.9 10 11.3 – – – –

105 QF_UFBV 52 356.2 27 465.2 70 233.9 76 208.8 75 201.6 39 383.4 – –

51 ABV 0 600.0 6 529.4 0 600.0 0 600.0 0 600.0 – – – –
4 ABVFP 1 455.0 0 600.0 1 465.5 1 465.5 1 465.5 – – – –

151 AUFBV 51 429.6 28 506.3 48 435.1 47 435.6 51 424.6 – – – –
31 AUFBVFP 10 421.1 0 600.0 11 401.1 11 409.3 14 368.1 – – – –

109 BV 43 398.6 36 427.9 50 359.8 56 319.7 54 324.2 – – – –
20 BVFP 3 513.0 0 600.0 11 362.6 13 323.3 10 387.8 – – – –
10 BVFPLRA 2 487.2 1 540.0 3 465.1 3 465.4 3 465.1 – – – –

153 FP 42 465.4 74 352.4 102 241.2 91 268.7 94 254.9 – – – –
4 FPLRA 0 600.0 0 600.0 0 600.0 0 600.0 0 600.0 – – – –

56 UFBV 10 497.7 8 526.4 11 484.7 11 484.2 11 483.3 – – – –
1 UFBVFP 0 600.0 0 600.0 1 277.9 1 156.1 0 600.0 – – – –

Table 2. Performance on incremental benchmarks in terms of number of solved check-
sat queries (q) and Penalized Average Runtime (PAR-2) with a time limit of 300 s on
a single node with 48 cores. The best result for each logic and metric is highlighted.

Bitwuzla Gim+B B’b 1x48 B’b 4x48 B’b 16x48

q # Logic q PAR-2 q PAR-2 q PAR-2 q PAR-2 q PAR-2

1017 79 QF_ABV 839 385.5 764 528.0 944 260.4 936 302.8 937 317.1
1040 45 QF_ABVFP 1014 321.1 856 493.1 1016 287.4 1016 286.4 925 297.5
1707 3 QF_ABVFPLRA 1707 29.6 583 600.0 1707 24.5 1707 25.1 1707 24.4
898 16 QF_AUFBV 887 248.9 834 481.3 889 234.5 893 182.0 897 132.8

14592 66 QF_BV 5819 291.4 2926 296.8 9700 226.2 9972 221.2 9998 220.6
53 31 QF_BVFP 36 224.2 39 210.5 42 97.3 42 89.8 42 88.9

26252 8 QF_BVFPLRA 26252 17.9 10487 487.2 26252 20.2 26252 20.2 26252 20.3
818 13 QF_UFBV 815 121.6 586 217.1 818 63.7 818 53.2 818 46.3

2108 2 ABVFPLRA 2108 71.6 450 600.0 2108 74.8 2108 73.3 2108 73.2
38856 18 BV 35070 233.3 23174 555.7 34931 273.4 34539 299.7 34678 275.2

458 1 BVFP 458 12.9 354 600.0 458 12.7 458 12.9 458 12.5
4855 6 BVFPLRA 3690 213.9 768 600.0 4047 216.1 3821 216.4 4086 216.5
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Fig. 6. Left: Scaling of our approach over all instances, with Bitwuzla as a sequential
baseline. Right: Weak scaling of our approach. Each point (x, y) on a curve indicates
that Bitwuzllob achieved a mean speedup of y when only considering the (commonly
solved) instances that took sequential Bitwuzla ≥ x seconds to solve.

Next, we analyze Bitwuzllob’s Weak Scaling behavior, i.e., how its speedups
develop as the input difficulty is increased. While Table 3 shows speedups over in-
stances with a runtime of sequential Bitwuzla of at least τ = 1 s and τ = 60 s, Fig-
ure 6 (right) shows Bitwuzllob’s mean speedups for all runtimes 0 ≤ τ ≤ 600 s.
For instance, when considering the instances solved by Bitwuzla in ≥ 300 s,
Bitwuzllob at 1, 4, and 16 nodes achieves a geometric mean speedup over
sequential Bitwuzla of 9.9, 12.5, and 15.6, respectively. Overall, the speedups
achieved by Bitwuzllob consistently increase with increasing input difficulty,
while investing more resources also consistently results in higher speedups. At a
threshold of 300 and 600 seconds, the single-node run achieves a mean resource-
efficiency (i.e., ratio between speedup and number of cores) of 21% and 33%,
respectively. While the runs at higher scales cannot yet reach such remarkably
high (cf. [44]) efficiencies, we still consider the observed scaling highly encourag-
ing for developing our approach further in the future.

5.3 Latency Hiding

In our last experiment, we analyze the impact of our techniques to reduce the
minimum latencies of SAT calls (Section 4.3). Figure 7 shows the relative im-
provement in terms of runtime achieved by latency-hiding threads (LHT), based
on how many SAT calls per instance were issued (geometric mean) for each in-
cremental and non-incremental logic. Clearly, logics with a very high number
of SAT calls per instance (hundreds to thousands) profit significantly from the
LHT, with mean accelerations ranging from 60% to 590%. In particular, the four
points in the upper right correspond to the incremental logics ABVFPLRA, BV, BVFP
and QF_BVFPLRA, all with more than 1,000 incremental SAT calls per instance on
average. For logics with less than a few hundred SAT calls per instance, LHT are
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Table 3. Mean speedups of Bitwuzllob on 1/4/16 nodes over sequential Bitwuzla.
For each logic, we consider commonly solved instances with a minimum sequential run-
time of {1, 60} s and show the geometric mean speedup over the resulting instance set.

Seq. time ≥ 1 s Seq. time ≥ 60 s

Logic # 1x48 4x48 16x48 # 1x48 4x48 16x48
N

on
-in

cr
em

en
ta

l

QF_ABV 40 2.50 3.20 3.54 22 3.69 5.19 6.35
QF_ABVFP 23 3.27 4.62 5.29 5 7.14 11.65 14.23
QF_ABVFPLRA 1 4.89 6.17 6.20 1 4.89 6.17 6.20
QF_AUFBV 13 2.07 1.76 2.16 4 3.18 1.90 3.67
QF_BV 97 7.84 11.76 14.12 79 9.07 13.77 17.04
QF_BVFP 22 4.14 6.61 7.75 3 6.47 12.48 20.21
QF_BVFPLRA 11 9.05 10.86 14.06 5 34.28 42.60 65.58
QF_FP 45 3.86 5.46 7.87 29 4.91 6.81 10.66
QF_FPLRA 10 4.19 6.05 6.52 4 8.12 11.15 12.42
QF_UFBV 53 2.26 2.41 3.17 32 3.70 4.24 5.77
ABVFP 1 0.32 0.32 0.32 0 – – –
AUFBV 35 2.03 2.11 2.15 19 3.30 3.08 3.49
AUFBVFP 9 2.11 1.98 1.90 3 2.72 2.77 4.26
BV 43 2.48 3.68 3.67 26 3.20 4.59 4.90
BVFP 2 0.82 1.11 1.20 0 – – –
BVFPLRA 2 0.38 0.38 0.38 0 – – –
FP 91 8.94 11.95 15.12 75 10.62 14.75 19.21
UFBV 10 4.07 5.24 7.10 1 27.02 8.88 76.09

In
cr

em
en

ta
l

QF_ABV 37 1.61 1.79 1.67 22 1.86 2.13 2.02
QF_ABVFP 24 1.87 1.91 2.01 7 3.11 3.50 4.13
QF_ABVFPLRA 3 1.36 1.32 1.34 0 – – –
QF_AUFBV 11 1.26 1.52 1.71 7 1.27 1.66 1.90
QF_BV 44 2.60 2.87 2.93 21 4.47 5.26 5.37
QF_BVFP 26 3.75 5.91 6.57 10 10.67 21.13 25.36
QF_BVFPLRA 8 0.89 0.88 0.88 0 – – –
QF_UFBV 13 1.50 1.79 1.80 6 1.72 2.23 2.56
ABVFPLRA 2 0.99 0.99 1.00 1 0.95 0.98 0.98
BV 10 0.65 0.66 0.65 2 0.78 0.78 0.78
BVFP 1 1.01 1.00 1.03 0 – – –
BVFPLRA 4 0.96 0.99 0.98 0 – – –

not significantly beneficial, and sometimes even detrimental, to performance. In
particular, for non-incremental logics ABVFP, BVFP and BVFPLRA, the LHT incur
extreme performance degradation (a mean slowdown of 50 to over 100).

This may be due to the fact that the behavior of the abstraction-refinement
loop and the MBQI procedure in Bitwuzla are sensitive to the models of the
intermediate SAT calls. Examining some of the concerned instances, we found
that MallobSat’s distributed SAT solver portfolio used by Bitwuzllob repro-
ducibly returns a different satisfying assignment to certain SAT queries than the
LHT’s default sequential CaDiCaL solver. Different satisfying assignments may
guide Bitwuzla’s search into different search spaces, leading to faster conver-
gence of the search than others. Note that the affected logics for which the LHT
models seem to have a higher-than-average negative impact contain only a small
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Fig. 7. Impact of latency-hiding threads (LHT), with one data point per logic. The
x-coordinate denotes the geometric mean number of SAT calls across solved instances
(without LHT), the y-coordinate denotes the geometric mean speedup achieved by
enabling LHT over the commonly solved instances of the logic.

number of solved instances (15 in total). Overall, enabling the LHT significantly
improves performance for instances with a high number of (fast) SAT calls. Ex-
ploiting the model sensitivity of our approach by retrieving several satisfying
assignments from a single SAT query and then carefully branching the program
flow over the resulting refinements in parallel may be an interesting direction for
future work.

6 Conclusion

We have presented Bitwuzllob, a system for massively parallel SMT solv-
ing specialized for bit-precise reasoning. Our tool features the bit-blasting SMT
solver Bitwuzla as an integrated module and deploys its (incremental) SAT
queries to the distributed SAT solving system Mallob. Experiments with up
to 768 cores of a distributed environment show that our system outperforms ex-
isting parallel SMT solvers for bit-precise reasoning, with unprecedented scaling
on a wide range of incremental and non-incremental logics.

For future work, Bitwuzllob will serve as a solid foundation for exploring
more advanced methods to further increase scalability. In particular, this may in-
clude modifying Bitwuzla’s program flow to make asynchronous SAT calls (which
would allow our system to actually solve several SAT tasks in parallel), as well as
integrating theory-specific parallelization methods. Another promising direction
could be to retrieve several different satisfying assignments from the distributed
SAT solver and then branch over the respectively resulting refinements.
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