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Machine Learning for Translation

Machine learning is a methodology for leveraging data to improve
machine performance on various types of tasks.

One such type of tasks is machine translation between two
languages.
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Three Stages of Machine Translation

Already here: machine translation between two natural
languages (see Google Translate).

Coming soon: machine translation of a natural language
speci cation into a programming language,g. Python (see
Codex).

Someday? autoformalisationi,e. machine translation of
informal mathematical proofs into formal ones with minimal
input from humans.
SzegedyA Promising Path Towards Autoformalisation and
General Arti cial Intelligence CICM 2020
Wang et al, Exploration of neural machine translation in
autoformalization of mathematics in MizalCPP, 2020
Wu et al, Autoformalization for Neural Theorem Proving
AITP, 2022
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Parallel Corpora

Parallel Corpora are key resources for performing machine
translation.

Roughly speaking, a parallel corpus is a trife T ; P) where
S is the source language,g. German,
T is the target languagee.g. English,

P is a set of paired parallel scriptgge. it is a pairing of
pieces of text written in S and their translations in T.
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Alignment in Parallel Corpora

For better machine translation, the pairing in a parallel corpus
(S; T;P) can be further re ned.

Given a paif(ps; pr) 2 P, we can map tokens ips to tokens in

pr to improve our pairing? with tokens alignments within parallel

scripts.
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The Isabelle Parallel Corpus

The Isabelle Parallel Corpus (IPC) is a parallel corpus for
autoformalisation withATEX as the source language and the formal
system Isabelle/HOL as the target language.

The IPC is thought as a community e ort to create a database of
aligned pairs of informal artefacts and formal ones, where an
artefact is either a de nition, a statement or the proof of a given
statement.

By informal artefacts we mean artefacts as written by
mathematicians inALEX and by formal artefacts we mean
artefacts translated by expert users of Isabelle/HOL.
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Summary

In this talk, we will present the infrastructure around the IPC, the
current content of the corpus and its future extensions.
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Outline

We will discuss the following points:
@ the infrastructure around the IPC,
® the current content of the IPC,
© the scalability of the IPC,
® our future plans.
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The IPC's Pairing Tool

Our pairing tool is built on top of the SErAPIS search engine for
Isabellet Through an interface, one can search (with words like in
Google) for a formal artefact in Isabelle/HOL's libraries and its
Archive of Formal ProofsOnce the desired artefact is found, one
can create a new entry in the database by recording its natural
language counterpart usingTexX and possibly a BibgX reference
and an URL for the sourcdf an entry has already been created for
a formal artefact, this entry can be edited@his way, we're building

a parallel corpus made of pairs of natural and Isabelle artefacts.

Check out our article: B., Stathopoulos and PaulsénParallel
Corpus for Natural Language Machine Translation to Isabelle
CICM, 2022.

Istathopoulos, Koutsoukou-Argyraki, PaulsonSErAPIS: A concept-oriented
search engine for the Isabelle libraries based on natural langua@eline
proceedings of the Isabelle workshop, 2020
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An Entry of the IPC

Our database for the IPC takes the form of a collection of
collapsible information cards.

Figure: Visit our websitehttps://behemoth.cl.cam.ac.uk/ipc/
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Pseudo-Alignment Between Textual and Formal Proofs

Figure: An example of a many-to-many mapping.
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Building Tools for Alignment

Tools have been built to ne-tune the alignmenrg,g. IATEX to
Isabelle/HOL tokens, with parsers and automated extraction of
variables and symbols.
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Tracking Dependencies

A suite of graph analysis tools has been developed for modelling
the relationships between formal artefactSiven a formal de nition

or a formal statement, one will be able to track the de nitions used
in them. Given a formal proof, one will be able to track the facts
called within this proof.Tracking dependencies allows to
understand which artefacts could be paired within a parallel corpus
to better the alignment between informal and formal artefacts.
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IPC's Table of Contents

Some parts of the rst three

chapters of JacobsonBasic Algebraextbook
have been formalised in Isabelle, covering
monoids, groups and ringsThis formal
development includes 175 theorem&e have
paired the formal de nitions and statements
with their informal counterparts in the IPC.

2Clemens Ballarin Exploring the Structure of an Algebra Text with Locales
J Autom Reasoning, 2020
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IPC's Table of Contents (continued)

Apostol's

Introduction to Analytic Number Theory

has been largely formalised in Isabelle/HOL
( 80%, mainly by Manuel Eberd.

It represents 30,000 lines of codeWe have
paired the formal de nitions and statements
with their informal counterparts in the IPC.

3Manuel Eberl,Nine Chapters of Analytic Number Theory in Isabelle/HOL
ITP 2019
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A Future Extension of the IPC

With Manuel

Eberl, Wenda Li and Larry Paulson, we're

formalising Apostol's follow-up textbooklThe

de nitions and statements in all eight chapters

have been formalised®roofs in chapters 1,2,3

and 7 have been formalised and also a few bits

and bobs in chapters 4 and 6 (55,000 lines

of code as of November 2022Fhis project

features elliptic functions, Eisenstein series,

Ramanujan’'s function, modular forms ...

Since its inception in 2021, the project has been
aimed at extending the IPC.
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Future Extension and Usage of the IPC

Extension: add to the IPC all the pen-and-paper proofs from
Apostol's undergraduate textbook.

Autoformalisation of advanced number theory may be a far away
goal, but more approachable goals for which the IPC could be
useful include:
developing natural language search for Isabelle’'s libraries
informalisation ,i.e. generating natural language descriptions
of Isabelle artefacts.
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The IPC, a Scalable Database?

To perform autoformalisation on many parts of mathematics at
various levels of abstraction, one needs a target language

su ciently expressive for all kinds of mathematical objects.
Isabelle/HOL is based on Church's simple type theory, but
dependently-typed systems (Agda, Coq, Lean ...) are more
expressive than simply-typed systems.

Is it possible to formalise more abstract mathematics into
Isabelle/HOL, so that we could be able to collect a wide array of
data points in the IPC?
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Can Schemes be formalised in Isabelle/HOL?

Schemes are abstract spaces introduced in 1960 by Alexander
Grothendieck and studied in algebraic geometry.

Schemes have been recently formalised in Lean.
Following this formalisation, the mathematician Kevin Buzzard

challenged all the other interactive theorem provers to formalise
schemes.

Following Hartshorne's textbooRklgebraic Geometryisabelle/HOL
met the challenge in 2021.

The details are in B., Paulson and L$imple Type Theory is not
too Simple: Grothendieck's Schemes Without Dependent Types
Experimental Mathematics, 2022.



Current State and Future Extensions
000000®000000000000

IPC's Table of Contents Il

Schemes are now in the IPC.

For machine learning, the

de nition alone wouldn't be usefulWe had to
pair all the formal prerequisites (a ne schemes,
sheaves and presheaves of rings ...) with their
informal counterparts, covering some material
in the chapter Il of Hartshorne's textbook.
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