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Abstract

The Rocq-prover is a functional programming language and
logical system based on fixpoints and pattern-matching. To
be consistent, Rocq only accepts functions that terminate.
This is enforced by a syntactic check named the “guard con-
dition”, that ensures that every recursive call is performed
on a smaller term than the original one. Despite its critical
role, the guard condition is little understood: there is no
mathematical justification for it, nor formal specification of
it. Moreover, its implementation consist in about 2000 lines
of intricate OCaml code, that even experts struggle to under-
stand. This lack of understanding has led to inconsistency
bugs due to both implementation and theoretical issues, and
prevents any further modifications.
With this work, we provide the first formal specification

of the guard condition as it should be implemented. We fur-
ther build knowledge on guard conditions by introducing its
different features one by one, and discussing their motiva-
tions, limitations and related historical bugs. Based on this
specification, we provide a reimplementation of the guard
condition in MetaRocq.

1 Introduction

Inductive Types in Rocq. Inductive types are one of the
most useful features of programming languages and of proof
assistants. They are useful both to define data structures and
to state specifications. For instance, one can define the usual
list data type, but also a predicate even:

Inductive list (A : Type) : Type :=
| nil : list A

| cons : A → list A → list A.

Inductive even : nat → Prop :=
| even_O : even 0

| even_SS : ∀n, even n → even (S (S n)).

As in functional programming languages, to define func-
tions over inductive types, Rocq has primitive fixpoints and
pattern-matching:

Fixpoint map {A B} (f : A → B) (l : list A) :=
match l with

| [] ⇒ []

| a :: l' ⇒ f a :: map f l'

end.

Non-Terminating Functions. To be logical systems, proof
assistants must be consistent: False must not be provable
in the empty context. To that end, proof assistants refuse
non-terminating functions as they generally enable one to
prove False:

Fixpoint loop (n : nat) : False := loop n.

Accepting a non-terminating function does not necessarily
imply that a language is inconsistent. Yet, experience with
Rocq and Agda has shown that the smallest implementation
mistake that lets a non-terminating function slip through
can be exploited to prove False. So far, this has not proven
to be problematic as users do not seem to naturally stum-
ble on these subtle implementation mistakes, and exploit
them. However, this is crucial in an adversarial context as
an opponent could rely on a bug to prove False, and have
an incorrect certificate accepted. Even without ill intent, this
is worth considering in the age of LLM-generated proofs:
LLMs can attack the codebase to try to prove False when
faced with a statement that is too difficult or impossible for
them to prove. At the time of writing, LLMs do not seem
to be able to prove False on their own, but Claude 4.6
can already find subtle implementation bugs when directed
by Rocq developers, who succeeded in exploiting them to
prove False [1]. Consequently, it is fundamental to have a
well-designed and mathematically justified mechanism for
rejecting non-terminating functions.

Guard Condition. In Rocq, non-terminating functions are
filtered out by a guard condition, a syntax check performed
when type-checking fixpoints. Conceptually, a guard condi-
tion is rather simple: it is a syntax check that goes through
terms, locates all recursive calls, and checks that they are per-
formed on smaller arguments than the original one. It gets
complicated when trying to decide what a subterm should
be, how subterm information should be propagated through
constructors and how it interacts with reduction. An overly
simple guard condition would be a hassle to users as it would
not accept functions and proofs as users naturally write them.
For instance, it is natural to write functions as fixpoints and
writing proofs with tactics naturally creates redexes; neither
would be accepted by a guard condition that only accepts
eliminators. Therefore, one would like a guard condition
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as expressive and versatile as possible. Yet, in the absence
of a mathematical justification, every extension is at the
risk of threatening consistency by letting non-terminating
functions slip through.

Rocq’s Guard Condition. Since its initial implementation,
Rocq’s guard condition has been modified several times over
the years to extend it, and to fix bugs introduced by previous
changes. Most of these modifications have been implemented
without being supported by a publication or a mathemati-
cal artifact, and were only discussed through GitHub pull
requests – when they existed. As a result, Rocq’s guard con-
dition is not only lacking a mathematical justification, but
also a specification.

From a historical point of view, it is difficult to reconstruct
the intent and moral justification of each modification. It is
also complex to identify the exact content of each modifica-
tion as some commits both modified the guard condition and
partially reimplemented it at once. As far as we understand,
excluding implementation bug fixes, the guard condition
evolved as follows:
199x The first versions of the guard condition were devel-

oped and implemented from 1994 to 1999 [8], and
supported:
– Functions on (nested) inductive types
– Checking terms modulo weak-head reduction
– Complex subterm analysis going through fixpoints

and pattern-matching
2010 Pierre Boutillier extended the guard condition to prop-

agate subterm information through 𝛽-𝜄 cuts [2] – a
match returning a function applied to a term. This
was reported in 2012 in Boutillier [3].

2013 It was noticed by Daniel Schepler that the support for
𝛽-𝜄 cuts introduced in 2012 is incompatible with the
axiom of Propositional Extensionality (PropExt) [10].
In 2014, Maxime Dénès restricted the support for 𝛽-𝜄
to restore compatibility with PropExt [4].

2022 Checking terms up to weak-head normalization does
not ensure strong normalization as non-terminating
subterms can be erased [5], even though theywould be
evaluated with another strategy. To restore strong nor-
malisation, Hugo Herbelin implemented a reduction
mechanism to check terms up to reduction without
forgetting to check erasable subterms [6].

2024 Hugo Herbelin added hoisting of uniform arguments
of fixpoints to enable users to write functions on
nested inductive types more modularly [7].

This complex history makes it unrealistic to understand
what the guard condition should do through its history. Un-
fortunately, it is not easier to understand the current imple-
mentation as the different features have not been designed
and implemented modularly. They are stacked on each other,
when not intertwined, making it challenging to understand
what the guard condition is supposed to do, let alone verify it.

This is not helped by the implementation, which consists of
about 2000 lines of complex OCaml code, which has evolved
organically over the years, presenting different styles and
layers of complexity.

Overall, this makes the current guard condition difficult to
understand even for current Rocq developers who inherited
it, and regularly confusing to users who fail to understand
why some functions are accepted while others are rejected.
Unsurprisingly, this lack of understanding and complex im-
plementation have led to many inconsistency bugs due to
both implementation and theoretical issues. It is actually
remarkable how the tiniest oversight or typo in the imple-
mentation can be exploited to prove False. Moreover, the
absence of a specification further prevents any modifications
or even rewriting, as this could introduce new unforeseen
bugs.

Contributions. In this work, we set the first stepping stone
towards formalizing a realistic guard condition for proof
assistants based on fixpoints and pattern-matching. Recon-
structing years of unwritten evolutions, we provide the first
formal specification of Rocq’s guard condition as it is be-
lieved to be currently implemented in Rocq’s kernel. That is,
our specification has been agreed upon by Rocq developers,
and in case of a bug, this specification is checked to have
been implemented properly. Moreover, as a proof of concept,
following our specification, we reimplemented in MetaRocq
a guard condition.

We identify that the guard condition can be broken down
into four main parts that we introduce and discuss gradually:

1. A minimal guard condition that should only accept
functions written directly using the eliminators of
nested inductive types

2. An extension to propagate subterm information through
𝛽-𝜄 cuts compatible with Propositional Extensionality

3. A reduction mechanism to perform as much reduc-
tion as possible without forgetting to check erasable
subterms

4. An extended subterm analysis that goes through fix-
points and pattern-matching

We discuss and showcase the motivation of each feature, its
importance and limitations, and the main bugs that affected
them over the years. In particular, we discuss the famous
incompatibility bugs of the full-blown support of 𝛽-𝜄 with
PropExt and its fix, which remains little understood, despite
proposals to extend its support [9]. Doing so, we shed light
on a little-understood though crucial piece of software, and
a component that can be useful to other proof assistants,
either for termination checking or elaboration. In particular,
while writing this specification, we have found a few bugs
in Rocq’s guard condition that we discuss in this paper.
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