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Abstract

Safety-critical applications such as railway interlockings require strong guarantees of
correctness, making the use of verification and therefore verified proof checking essential.
In this paper we focus on techniques for checking Z3 proof logs within Rocq. We build on a
formally proven RUP checker and extend it with a parser and preprocessing pipeline that
reconstructs Z3’s proof steps into a format compatible with the verified checker. Combi-
ning these components, we obtain a verified proof checker capable of validating complete
propositional Z3 proof logs. We describe the OCaml parser and its preprocessing stages
and discuss the limitations of the approach. Moreover, we show how the methodology is
designed to scale. The techniques developed provide a foundation for extending verified
proof checking to additional SMT-LIB theories, such as integer arithmetic and beyond.

Introduction. Railway interlockings are safety-critical systems where software faults can lead
to severe consequences. Achieving the assurance needed for SIL4 requires rigorous validation
against formally specified safety requirements. While industrial workflows have traditionally
relied on extensive manual testing, formal verification tools are increasingly used to detect
design errors earlier (e.g. [17, 19, 3]). The Ladder Logic Verifier [9] is one such tool, analysing
ladder logic SAT-based interlockings [13, 18] using the Z3 SMT solver [12] to prove unsafe
states unreachable by showing that negated safety properties are unsatisfiable. Because Z3 is
vast and complex, its unsatisfiability results must be checked independently in high-assurance
settings. We addressed this by developing a checker for Z3 proof logs in the Reverse Unit
Propagation (RUP) format introduced in 2022. This work builds on the fully verified RUP
checker, implemented in Rocq, with additional performance improvements presented by us
n [8]. We present the supplementary parser and preprocessing pipeline that reconstructs Z3’s
SAT-based proof steps into a format compatible with the verified checker. While the checker
is fully verified and extractable to OCaml, the parser and preprocessing remains unverified.
However, integration with the Ladder Logic Verifier shows that the pipeline enables end-to-end
validation of Z3’s SAT-based proofs before industrial testing. Our long-term aim is to extend
these techniques for additional SMT-LIB theories, such as integer arithmetic.

Related Work on proof checking in Rocq includes SMTCoq [2, 14], which checks an earlier
form of Alethe proofs, and CogHammer [11], which reconstructs proofs rather than checking
solver outputs. In Isabelle, there is Sledgehammer for proof reconstruction [20], Fleury’s verified
IsaSAT [15] with integrated checking, and Lammich’s SAT-checking [21] which provides both
verified integrated and post-hoc checking of LRAT proofs. The latter has a verified DIMACS
CNF parser, whereas our (unverified) parser accepts arbitrarily nested propositional formulas.
In the future, we will verify more of the parsing stages for correctness, and produce quantitative
data against these existing tools to identify optimisations. !

Proof Checker. The Z3 theorem prover [12] checks the satisfiability of the negated safety
property —. If unsatisfiable, it produces a proof log for independent validation [26]. We have

IRegarding SMT, extensive infrastructure [5, 22, 20] is available for cvch [4] with Ethos [10] being the most
advanced checker supporting CPC proofs [1, 6] A full account of related work is deferred to a future paper.
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developed a checker for the SAT-based Ladder Logic Verifier [9] which is based on Z3. Z3’s SAT
proof logs use four rule types: Assumption, RUP, Tseitin, and Deletion — with RUP [16] as
the core inference rule and Tseitin steps providing CNF encodings via satisfiability-preserving
patterns. Our verified checker for these rules, together with its proof architecture, was presented
by us in [8]. We prove soundness by logical entailment [24]: any model of the assumptions models
the derived conclusions. Two key lemmas establish soundness: (1) If the proof log is correct,
all derived clauses follow logically from the assumptions. (2) connects this to unsatisfiability:

(1) IsTrue(ZProofCheck p) — EntailsListZCl(ZProof2 Assumption p, ZProof2ConclusionOpt p).
(2) ZProofCheckUnsat p = true — UnsatZCl(ZProof2Assumption p).

Together, these ensure whenever the checker declares the Z3 proof log correct, the original
assumptions are unsatisfiable. This verified checker was then extracted to OCaml for execution.

Parser. To interface Z3 SAT proof logs with the verified datatypes, we implement an OCaml
lexer—parser—preprocessor pipeline using ocamllex and ocamlyacc/Menhir [23]. The lexer
recognises the Z3 rule keywords, punctuation, and atom names, which are interned to inte-
ger identifiers for constant-time comparison. The parser constructs a raw AST of clauses and
translates them into the inductive datatypes used by the verified Rocq checker: formulas become
z3_Formula, lists are folded into 1istZ3_Formula and each proof item is mapped to a canoni-
cal zProofItem. Assumption, RUP, and Deletion steps translate directly whilst Tseitin steps
require additional processing. Z3 may emit full Tseitin clauses, which match one of the eight
satisfiability-preserving patterns proved correct in Rocq. For efficiency, it produces reduced
Tseitin clauses, where literals are omitted once their negation has already been derived. The
tseitin_sorter analyses each (f_1ist, g_list) pair by attempting to match f_list against
these verified patterns (implication, negation, and And/0Or introduction and elimination). If a
pattern matches f£_1ist, the step is a reduced Tseitin step whenever g_list is a subset of the
corresponding f_list tautology and every element omitted from the tautology appears negated
among the conclusions. If g list is identical to the £_1ist tautology, it is a standard Tseitin
step. The step_processor then maps the result into the checker’s representation. This en-
sures that all proof items delivered to the verified Rocq checker are consistent with the proven
inference rules. We have validated the pipeline on examples confirming that Z3 SAT-based
proof logs are faithfully reconstructed. Furthermore, the parsing and classification mechanism
is readily adaptable to additional SMT-LIB theories - such as integers, arrays, and bit-vectors -
as defined by the standard [25], enabling future development beyond purely propositional rea-
soning. A longer-term goal is to obtain a fully verified proof checker extracted to C++, allowing
integration with industrial toolchains that require native C++ implementations. Our current
OCaml parser and preprocessing pipeline act as a reference model. The plan is to reimplement
these components in C++ while using the verified Rocq core as the shared foundation. To
support this, we are currently exploring Rocg-to-C++ extraction methods, such as Crane [7].
Limitations and Conclusion. Our approach verifies the checking algorithm in Rocq, ensuring
that whenever the checker accepts a proof item, the encoded assumptions imply the encoded
conclusions. Thus, provided the proof object supplies the correct assumptions and conclusions,
the checker guarantees sound inference. What lies outside the verification boundary is whether
the assumptions and conclusions extracted from a Z3 proof are exactly those intended by Z3,
this concerns the parser and preprocessing stages rather than the checker itself. The checker
does not depend on any particular parsing strategy, only on receiving a well-formed proof object
whose assumptions and conclusions match the original proof (for unsatisfiable proofs, only the
assumptions matter). Establishing this correspondence is beyond our formal development, but
it can be tested in practice. Future work aims to reduce the trusted computing base by moving
more preprocessing into Rocq, leaving only raw proof parsing unverified.
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