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Abstract—We submit KISSAT together with a new version
of the SATSUMA symmetry preprocessor. This new version of
SATSUMA applies iterative symmetry breaking using lightweight
unit and binary clauses while producing SR proofs. Our goal
is to demonstrate that symmetry handling is a viable default
preprocessing technique for modern proof-producing SAT solvers.

I. INTRODUCTION

We submit KISSAT [1] together with the SATSUMA [2]
symmetry-breaking tool, used here as a preprocessor. This ver-
sion of SATSUMA uses our new symmetry-handling techniques
and algorithms [3], [4], and, as such, is an extension of the
original SATSUMA algorithm [2]. To justify the clauses it adds,
SATSUMA produces proofs in the substitution redundancy (SR)
proof system [5], which is a generalization of DRAT [6].

Intuitively, our symmetry-handling algorithm iteratively
applies lightweight symmetry breaking and CNF preprocessing
techniques. Our approach is heavily inspired by similar work
in optimization [7], [8].

Our submission consists of two solvers, where each solver
combines SATSUMA with a different version of KISSAT: one
with the latest public version of KISSAT as of this writing
(v4.0.4),1 and the other with the KISSAT modification used by
the winner of the SAT Competition 2025 [9].2

II. NEW TECHNIQUES IN SATSUMA

Given a CNF formula, SATSUMA’s new high-level routine
for symmetry handling works as follows:

1) Simplify the CNF formula,
2) Detect symmetries in the simplified formula. If no non-

trivial symmetries remain or if computational limits are
exceeded, terminate.

3) Break symmetries by introducing unit and binary clauses.
4) Repeat from Step 1.
Here are some notes about various aspects of the algorithm.
CNF Simplification. Simplification includes the propagation

of unit and pure literals, the removal of duplicate literals
and clauses, and the strengthening of so-called unique literal
clauses [10] into at-most-one constraints. While SATSUMA

1https://github.com/arminbiere/kissat/releases/tag/rel-4.0.4
2https://satcompetition.github.io/2025/downloads/solvers/main/AE

kissat2025 MAB.tar.xz

can also merge equivalent literals (as described here [3]), we
disable this option in the competition submission.

Detection. The algorithm models the CNF formula as a
graph and then uses DEJAVU [11], [12] to detect symmetries.
It also makes use of some of DEJAVU’s data structures and its
implementation of the Schreier-Sims algorithm [13].

Fix and Cut. Symmetry handling combines orbitopal fixing,
negation fixing, clausal fixing, and Schreier-Sims table cuts.
We provide brief descriptions below. More comprehensive
descriptions can be found in our work [3], [4].

Orbitopal fixing is a technique that can be applied on
particular matrix models, i.e., matrices of literals extracted
from the formula. The technique applies when the matrix
model has row symmetry, meaning that rows can be exchanged
by symmetries of the formula, and when the columns contain
additional cardinality constraints. This allows the algorithm to
fix literals corresponding to the lower-triangular part of the
matrix using symmetry arguments.

Negation fixing, clausal fixing, and Schreier-Sims table
cuts form a family of symmetry-breaking techniques based
on pointwise stabilizer chains. The preprocessor iteratively
stabilizes literals and updates the remaining symmetry group
using the Schreier-Sims algorithm. Depending on the orbit
structure, the algorithm either fixes literals or adds binary
clauses (Schreier-Sims table cuts) over literal orbits.

Iteration. A key feature of the algorithm is its iterative
preprocessing. Since all of the introduced symmetry-breaking
constraints are unit or binary clauses, the added constraints
often trigger further propagation and simplification. These
simplifications can expose additional symmetries, allowing for
multiple rounds of symmetry breaking.

Ordering. The order of symmetry breaking is guided by
structural connectivity in the formula. For clausal fixing and
Schreier-Sims table cuts, literals are prioritized according to
the number of clauses shared with previously stabilized literals.
For orbitopal fixing, columns of the involved matrix model
are reordered using clique information extracted from a graph
modeling the rows of the matrix. We use the maximum clique
solver CLIQUER [14] to compute cliques. If the cliques are
too large, we use a lightweight greedy approximation instead.
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III. LOC CHANGES AND AI USE

Compared to last year’s version of SATSUMA, roughly 5 000
lines of code have changed, with another 250 lines changed
in DEJAVU. Note that while the addition of CLIQUER is also
new, we don’t count CLIQUER’s code base in our LoC count,
instead treating it like a black box solver.

We only made very minor changes to all other included
tools. In KISSAT (v4.0.4) and AE-KISSAT2025-MAB, we
made it so that the solvers append to an existing proof file, i.e.,
the one produced by SATSUMA, instead of overwriting it. We
also added computational limits to CLIQUER. These changes
amounted to fewer than 10 lines changed in each tool.

No AI was used to make any of these modifications, and no
heuristics were tuned by AI by the present authors. However,
the base solver AE-KISSAT2025-MAB we use from last year’s
competition was, according to its authors, modified and tuned
by AI [9].

IV. AVAILABILITY

SATSUMA is open-source and freely available.3
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