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I. OVERVIEW

Z3-PARALLEL implements a novel dynamic partitioning
framework within z3 [1]] that systematically exploits feedback
from active search to guide partitioning and pruning decisions.
We introduce a binary partition tree whose splitting atoms are
selected on-the-fly from worker threads’ VSIDS statistics. By
leveraging the conflict-driven reasoning of CDCL, we enable
non-chronological backjumping across the partition tree, using
per-thread unsatisfiable cores to actively prune the search
space. Our partition tree also supports cross-thread information
sharing and on-demand termination of workers on shared
subproblems. We further augment our framework with core
minimization and online backbone detection for additional
search-space pruning. Full details of our implementation are
in our paper. Our code is available here [2]. More information
about z3 can be found on its website [3]].

II. PRELIMINARIES

The partitioning approach divides ¢ into n independent
subproblems ¢1, ..., ¢, for parallel solving such that \/, =
;. Thus, if any one ¢; is SAT, then ¢ is SAT, and if all
p; are UNSAT, then ¢ is UNSAT. Our approach is based
on the cube-and-conquer strategy. Here, a set of n atoms
A = {ai,...,a,} is selected. A cube is a conjunction of
literals over these atoms, that is, a formula of the form
C = {1 ANy, where each £; € {aj,—a;} for some a; € A.
The 2" resulting cubes over these atoms yield 2™ independent
subproblems of the form ¢ A C' to be solved in parallel.

A popular data structure for search-space partitioning is the
partition tree [4]], where the root node represents the input
formula . Given a parent node associated with formula P,
its ¢-th child represents a formula P A C; produced by a
partitioning function [5]] such that for all 4, the disjunction
\/,; C; holds, and for all j # i, =(C; A C;). Our approach is
based on this data structure.

III. ARCHITECTURE

On the main thread, the batch manager coordinates thread
synchronization. It maintains a dynamically evolving binary
partition tree for cube storage, distributes cubes to n worker
threads, and facilitates information exchange between workers.
Each worker w runs a sequential Z3 instance with a pro-
gressively increasing conflict budget and repeatedly requests
cubes from the batch manager. If the cube is SAT, the entire
problem is SAT. If w exhausts its conflict budget without

solving the cube, it returns control to the batch manager,
which may perform subcubing using the top atom from w’s
VSIDS statistics, and selects a new cube for w. If the cube is
UNSAT, the batch manager prunes the partition tree using the
solver’s UNSAT core, and assigns w a new cube. Our pruning
algorithm performs non-chronological propagation of cores
across the partition tree, integrating independently derived
cores from different workers and lifting CDCL-style clause
resolution to search-space partitioning.

Cubes are assigned to nodes based on the node selection
policy in [6]. Although cubes are often easier, some deep
cubes are harder than the original problem. SMT runtimes
are also highly erratic based on solver configuration, so it is
important to revisit already-attempted nodes. Therefore, we
first try solving fresh, deep nodes, and if these continue to
time out, we gradually revisit shallower/internal nodes. The
decision to split a node into subcubes is based on the tree
expansion policy in [|6], which adopts a conservative approach
to splitting that ensures the tree remains largely balanced.

To mitigate redundant computation when multiple workers
are assigned to the same cube, we employ a terminate-on-
demand policy that aborts workers operating on the now-stale
cube. Throughout execution, w accumulates learned lemmas
that are reused across cubes.

Outside the partition tree, the batch manager maintains a
dynamic ranking backbone candidate literals based on phase
age, and attempts to prove them as backbones via two parallel
backbone detection threads threads operating in complemen-
tary modes. In negative mode, the thread negates candidates
and attempts to quickly prove them as backbones by deriving
a short UNSAT proof. In positive mode, the thread assumes
candidates directly and attempts to extend the assignment to
a full model. The backbone threads use a modified version of
the chunked backbone algorithm [7]]. The negation of a proven
backbone literal prunes the partition tree.

The batch manager also maintains a dedicated core min-
imization thread, which asynchronously attempts to reduce
workers’ UNSAT cores using the deletion-based core ex-
traction paradigm [8]]. Smaller cores enable more powerful
partition tree pruning.
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