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Abstract: Cooperative software verification aims at improving the effectiveness and efficiency of
software verification by enabling multiple verification tools to work together. Existing cooperative
verification schemes, however, typically require specialized interfaces or tight integration, limiting
their practical applicability. In our International Conference on Software Engineering (ICSE) 2025
publication, we introduce dynamic program splitting – a novel approach that enables cooperation
between off-the-shelf verification tools without requiring any modifications. The key idea is to probe
verification tools on a given verification task under a time limit and split tasks dynamically that
cannot be verified under the given time constraints. The process continues recursively, incrementally
identifying program parts that are particularly hard for the given verifier. The remaining unverified
parts are provided to a second verifier, allowing to leverage the complementary strengths of different
tools. Our evaluation on SV-COMP benchmarks demonstrates that cooperation through dynamic
program splitting enables the verification of tasks that none of the individual verifiers can solve on
their own.
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Overview. Software verifiers have become increasingly effective at checking the correctness
of software with respect to a given specification. However, no single software verifier
consistently outperforms all others across all verification tasks. Existing verifiers exhibit
different – and often complementary [BS25] – strengths and weaknesses. This observation
motivates the idea of cooperation, where multiple verification tools collaborate to solve a
common verification problem. Existing approaches to cooperation, however, often require
specialized interfaces for communication or are tightly integrated into a single framework.
Such constraints limit cooperation to a small subset of tools that support this kind of
interaction. We thus present dynamic program splitting (DPS) [Ri25] as a way to enable
cooperation between arbitrary off-the-shelf software verification tools.

The key idea of DPS is to dynamically apply program splitting on demand whenever
the verifier considers the current verification task difficult to verify. Difficulty is decided
by a (user defined) time limit on the verification process. Splitting is performed on the
programs’ execution tree by splitting the program at branching locations. This results into
subprograms (subtasks) that each encode a subset of all feasible execution traces. DPS is
applied recursively on subtasks until (a) a specification violation is found, (b) all subtasks
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are verified to fulfill the specification, or (c) some user-defined splitting limit is reached. In
the case of (c) that the verifier cannot verify the task completely, the remaining subtasks are
merged together into a single task. The resulting residual task, summarizing the progress
of the first verifier, can be seamlessly provided to a second verifier, enabling effective
cooperation between the two. As all inputs in the process are programs, cooperation between
off-the-shelf verification tools is directly achieved. Our evaluation on SV-COMP benchmarks
shows that DPS can enable effective cooperation between off-the-shelf verification tools,
sometimes outperforming more integrated cooperation techniques.

Relevance and Impact. Software verification is an important but also very challenging
software engineering problem. It is important because we rely on the correctness of software
systems and it is challenging as the problem is in general undecidable. To address the
challenges of verification, many software verification tools with different strengths and
weaknesses have been developed. Cooperative verification aims to combine these strengths,
but so far no cooperative approach has been proposed that can fully utilized all publicly
available off-the-shelf verification tools. By enabling arbitrary tools to cooperate on single
verification task via DPS, we therefore see our contribution as a significant step towards
unleashing the full potential of cooperative verification. Because of the generality of our
approach, we also see potential for adoption in other software engineering domains, e.g.
testing.

Data Availability. All our implementations and data are archived and available at Zenodo5

and are evaluated as an artifact in the ICSE 2025 artifact evaluation. Furthermore, our
approach is integrated into the software verifier Bubaak [CR25] which we submitted as
part of our contribution to SV-COMP 2025.
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