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1 Introduction

Autoformalization is the automated translation from informal mathematical text to machine-
checked formalizations [10, 9, 16, 14]. This is now feasible at a textbook scale, but results can
sometimes be hard for humans to read and review, even when produced in proof vernaculars
designed for readability [17, 15, 2]. One potential mitigation is (deterministic) reinformaliza-
tion: applying symbolic informalization to an autoformalization to obtain a more textbook-like
presentation while preserving a transparent connection to the original formal text.

Informalization can also be performed by neural methods, for example by large language
models. However, the resulting text may fail to correspond to the formal code, so the guarantees
provided by the proof checker do not transfer to the informalization. A better choice in this
respect is symbolic informalization, which uses compiler-like rules to generate text from code
[3]. Unlike autoformalization, whose input is open-ended informal language, informalization
works on a formally defined system, which makes a rule-based system possible. The challenge
that remains is to make the resulting text readable. In this paper, we present a case study in
informalizing a recent autoformalization of Munkres’s Topology [17, 15].

2 Informalization

Naively converting the formal language into natural language structure by structure tends to
produce expressions that are verbose, complicated, and unnatural. Compressing these expres-
sions is a key problem to solve here, as already noticed in [3]. The task, in a sense, is to reverse
the expansion measured by the de Bruijn factor [4], which is the ratio between the size of a
formalization and the size of the corresponding informal text. A de Bruijn factor of 4 or higher
is not uncommon [18], in which case the informalization must reduce the length by at least 75%
to return to the length of natural mathematical text, without losing precision.

The Informath project [13] aims to make informalization both natural and scalable. At the
core of Informath is a formal grammar that covers a major part of the ordinary language of
mathematics, responding to the challenge posed in [8]. This grammar is implemented in the
Grammatical Framework (GF) and its Resource Grammar Library (RGL) [12], which enable
compact, high-level engineering of linguistically sound grammars. For example, the current
Informath grammar, excluding the lexicon, is defined by 200 GF rules but corresponds to
87,000 context-free rules. The semantic soundness of the grammar is established by a compiler
from the Informath grammar to Dedukti [1], which is a type theory system intended to bridge
other proof systems, such as Agda, Lean, and Rocq. Informalization is defined as an inversion of
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the semantics, converting Dedukti code to GF abstract syntax trees and ultimately to natural
language. Since the grammar covers a wide variety of natural language structures (mixed
with mathematical symbols), a given piece of Dedukti code can easily generate thousands of
alternative informalizations. These alternatives are ranked by a scoring function that favours
properties such as conciseness.

3 Case Study

We have started to reinformalize a recent Felix autoformalization of Munkres’s Topology [6].
Felix, né Naproche-ZF [5], is a proof assistant in the lineage of Naproche [7]. It takes a con-
trolled natural language as input and uses high-level proof automation backed by automated
theorem provers. These features can make Felix formalizations more readable than traditional
formal code. However, a Felix formalization can still turn out verbose, with a de Bruijn factor
comparable to those of formalizations in other proof assistants. We aim to address this prob-
lem by embedding Felix in Informath, thereby gaining access to several mechanisms for making
expressions more concise. In this way, we obtain an extension of Felix that is still controlled by
a formal grammar and semantics, but comes closer to the ordinary language of mathematics.

To give an example of the effects of informalization, consider the original definition of
Hausdorff spaces in Munkres’s book [11, §17, p. 98]:

Definition 1. A topological space X is called a Hausdorff space if for each pair z1, z2 of distinct
points of X, there exist neighborhoods Uy, and Us of 1 and x9, respectively, that are disjoint.

The Felix autoformalization, after distillation, gives us the following.

Definition 2. X is Hausdorff with respect to T iff T is a topology on X and for all 1, x2 such
that 1 € X and x5 € X and x1 # x5 there exist Uy, Us such that U; is a neighborhood of x; in
X with respect to T" and Us is a neighborhood of x5 in X with respect to T and U; is disjoint
from Us.

This is quite readable, but not entirely natural. In particular,

e it makes the topology T explicit, whereas the original leaves it implicit,

e it splits the condition that x; and x5 are distinct points of X into three separate conjuncts.
A more concise informalization already within reach in Informath is

Definition 3. A topological space X is a Hausdorff space if, for all distinct x1,zs € X, there
exist disjoint U; and Uy such that Uy is a neighborhood of z; and Us is a neighborhood of .

We will also investigate how much work is needed to recover the exact original wording of this
definition and of other passages in the book.

4 Evaluation

We will consider the following evaluation criteria:

e By how much can we reduce the size of the Felix formalization?

e How often can we recover the original wording?

e How readable are the informalizations in the remaining cases?
The first two criteria can be measured quantitatively, whereas the third will be assessed by
human inspection.
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