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Abstract

Modern Satisfiability Modulo Theories (SMT) solvers play a central role in automated
theorem proving and formal verification; however, the size and complexity of their imple-
mentations preclude direct certification of their codebase. A pragmatic alternative is proof
logging, whereby the solver emits a certificate of its reasoning that may then be validated
by an independent checker. The present work develops a reconstruction pipeline from the
Alethe proof format, produced by cvc5, to Lambdapi, a proof assistant for the λΠ/≡-
calculus. We provide an encoding of the SMT-LIB logic in Lambdapi, certify a substantial
fragment of the Alethe inference rules, and apply the resulting pipeline to SMT proofs in
order to verify them.

Duration of the talk: 15 minutes.

1 Context

SMT solvers [23, 14] have become central tools in program verification [17, 22, 25] and interac-
tive theorem proving [5, 13]. They are nevertheless large and intricate software in which bugs
are uncovered [8] questioning their correctness. The direct formal verification of a solver im-
plementation is, in practice, infeasible due to the large size of the codebase and the complexity
of the algorithms involved. Proof logging [21] circumvents this difficulty by shifting the trust
burden from the solver itself to an independent checker: the solver is required to produce a
certificate of its reasoning, which is subsequently validated by a trusted program such as a proof
assistant.

Alethe [24] is a modern proof format produced by cvc5 [2] and veriT [7] whose syntax
closely follows SMT-LIB [4]. Despite its maturity and broad adoption [6, 2, 20], it lacks a
standalone checker, and existing reconstruction efforts remain tied to specific proof assistants.
Furthermore, certain Alethe steps are coarse-grained ; they encapsulate non-trivial reasoning
whose verification is itself a search problem. We adopt as a target the λΠ/≡-calculus [12, 16]
to verify Alethe proofs, a logical framework [18] with user-defined rewrite rules. Lambdapi
is designed as an assembly language for proofs, equipped with import and export bridges to
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Figure 1: Lambdapi as an assembly language for proof systems.
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Rocq, Lean, Isabelle/HOL and others (fig. 1). By certifying Alethe proofs in Lambdapi, we
establish a reconstruction pipeline that also benefits the export of proofs to other proof systems
via Lambdapi’s interoperability layer in order to share theorems.

2 Content of the Talk

The talk will give a high-level overview of our reconstruction pipeline, sketch the fragment of
Alethe that it currently covers and the applications evaluated to date [10, 9], and outline the
perspectives for future development. The pipeline (fig. 2) takes as input an SMT-LIB problem
together with an Alethe proof generated by cvc5, and produces a Lambdapi script whose suc-
cessful typechecking by the kernel constitutes a witness of a valid proof. It is implemented as a
Lambdapi back-end of Carcara [1], the Alethe elaborator used by cvc5. Coarse-grained Alethe
steps, whose side conditions encapsulate non-trivial reasoning, are elaborated via Carcara.

� *.smt2 cvc5 Elaboration Translation Lambdapi
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Figure 2: Architecture of the reconstruction pipeline.

The pipeline currently certifies a substantial fragment of Alethe, covering first-order reason-
ing and linear integer arithmetic. It has been evaluated on SMT-LIB benchmarks [26, 3] and on
the proof obligations arising from the TLA+ Proof System [11], providing certified validation
of the SMT reasoning steps invoked within TLA+.

The talk will also outline several ongoing directions of the pipeline. On the theory side,
support for bitvectors and real arithmetic is currently underway. Looking beyond the classical
SMT-LIB ecosystem, we are turning towards proofs emitted by Marabou [19], a neural-network
verifier whose proofs consist mostly of arithmetic reasoning over the linear constraints arising
from deep neural network (DNN) executions — a fragment that our pipeline already certifies.
Going one step further, we will discuss how the SMT-style reasoning performed by the Imandra
interactive theorem prover[15], when used to check such DNN proofs, could itself be certified
by our pipeline.
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hamed, A. Niemetz, A. Nötzli, A. Ozdemir, M. Preiner, A. Reynolds, Y. Sheng, C. Tinelli, and
Y. Zohar. cvc5: A versatile and industrial-strength SMT solver. In D. Fisman and G. Rosu,
editors, Tools and Algorithms for the Construction and Analysis of Systems - 28th International
Conference, TACAS 2022, Held as Part of the European Joint Conferences on Theory and Practice
of Software, ETAPS 2022, Munich, Germany, April 2-7, 2022, Proceedings, Part I, volume 13243
of Lecture Notes in Computer Science, pages 415–442. Springer, 2022.

[3] C. Barrett, M. Deters, L. de Moura, A. Oliveras, and A. Stump. 6 years of SMT-COMP. Journal
of Automated Reasoning, 50(3):243–277, 2013.

[4] C. Barrett, P. Fontaine, and C. Tinelli. The SMT-LIB Standard: Version 2.6. Technical report, De-
partment of Computer Science, The University of Iowa, 2017–2024. Available at www.SMT-LIB.org.

2



Reconstructing SMT Proofs in the λΠ/≡-calculus Coltellacci
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Z. Rakamarić, editors, Computer Aided Verification (CAV), pages 107–123, Cham, 2025. Springer
Nature Switzerland.

[18] R. Harper, F. Honsell, and G. D. Plotkin. A framework for defining logics. J. ACM, 40:143–184,
1993.

[19] O. Isac, C. Barrett, M. Zhang, and G. Katz. Neural network verification with proof production.
In 2022 Formal Methods in Computer-Aided Design (FMCAD), pages 38–48, 2022.

[20] H. Lachnitt, M. Fleury, H. Barbosa, A. Reynolds, J. Jakpor, B. Andreotti, C. Barrett, H.-J.
Schurr, and C. Tinelli. Improving the SMT proof reconstruction pipeline in Isabelle/HOL. In
Interactive Theorem Proving (ITP), volume 1 of Leibniz International Proceedings in Informatics
(LIPIcs), pages 100–100. Schloss Dagstuhl–Leibniz-Zentrum für Informatik, 2025.

[21] O. Marx, M. Wedler, D. Stoffel, W. Kunz, and A. Dreyer. Proof logging for computer algebra based
smt solving. In 2013 IEEE/ACM International Conference on Computer-Aided Design (ICCAD),
pages 677–684, 2013.

[22] R. Mukherjee, D. Kroening, and T. Melham. Hardware verification using software analyzers. In
2015 IEEE Computer Society Annual Symposium on VLSI, pages 7–12, 2015.

[23] R. Nieuwenhuis, A. Oliveras, and C. Tinelli. Solving sat and sat modulo theories: From an abstract
davis–putnam–logemann–loveland procedure to dpll(t). J. ACM, 53(6):937–977, Nov. 2006.

[24] H.-J. Schurr, M. Fleury, H. Barbosa, and P. Fontaine. Alethe: Towards a generic smt proof format

3



Reconstructing SMT Proofs in the λΠ/≡-calculus Coltellacci

(extended abstract). Electronic Proceedings in Theoretical Computer Science, 336:49–54, 07 2021.

[25] L. Wagner, A. Mebsout, C. Tinelli, D. Cofer, and K. Slind. Qualification of a model checker for
avionics software verification. pages 404–419, 04 2017.
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