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Brouwer—Heyting—Kolmogorov interpretation (BHK-#FE)
= — D PAQRIERR B—1MEFX (a.0), EH, a 2 P
BY—MILERR, » & O K—MIERR
= — PV QRJIERA 1 P ARIERAE— O KRR
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Brouwer—Heyting—Kolmogorov interpretation (BHK-fZHEE)

= — (Ax e S)(Px) BYERR B—PMEFX (r.a), HH
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m =P -P (BREXN P— L) HIER B—IMEIE,
ERLUBEAI— P BRERRHALAE— 1T L BIERR

m AFE L (GuiZ) BOIERR



MIEEN

m HpE (PV-P) FRERN
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Kepler 3548

m Thomas Hales £ 1998 FE& % ¥ —MIERE, 1ZIEERHE
250 TIZEICH] 3GB BUITENER. FUEFI451S

m Annals of Mathematics ‘B43 7 &f5, BREZ{E 2003 &K,
FHREEINE: "99% certain”

m Thomas Hales FBATE 2014 T = T — M {GIERR
(f88F8 HOL Light 0 Isabelle)

m 2017 &, I UERBHHESE AR T Forum of

Mathematics



SUFIERRRYIRIEEAL

BEZHBIANIRE Thomas Hales APAZEIR
B H—XTF ABC FEHITIE
m BHI—E 2012 FFE%H{ER" " Inter-universal
Teichmiiller” EREUFARY ABC 3548, UFRBH 750 /@

m 2018 £F Scholze # Stix IHIRAEEHH—, SiTi<AEAY
118, BB THRES Why abc is still a conjecture

m 2021 FFEBF—HUIERTE RIMS &3, E......
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Peter Scholze's Liquid Tensor Experiment

m 2020 &F, Peter Scholze #2HT—IHkEk, EXF R
ISUEMEFD Dustin Clausen BY theory of condensed
mathematic FR—MROBEERNEE, HTZIEHA
MHEEZ, Scholze FATEEHEHIEMM,


https://xenaproject.wordpress.com/2020/12/05/liquid-tensor-experiment/

IERR4HE]

I spent much of 2019 obsessed with the proof of this
theorem, almost getting crazy over it. In the end, we
were able to get an argument pinned down on paper, but
I think nobody else has dared to look at the details of

this, and so I still have some small lingering doubts.

(Scholze, Liquid tensor experiment)



https://xenaproject.wordpress.com/2020/12/05/liquid-tensor-experiment/

IERR4HE]

with this theorem, the hope that the condensed formalism
can be fruitfully applied to real functional analysis stands
or falls. | think the theorem is of utmost foundational

importance, so being 99.9% sure is not enough.

(Scholze, Liquid tensor experiment)



https://xenaproject.wordpress.com/2020/12/05/liquid-tensor-experiment/
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Peter Scholze's Liquid Tensor Experiment

= FFFRY 2021 F£ 5 B, EHE 9.4 AFZEVCIERAT,
IREEIZIE B —EB 2 AIZTAL.

» —FHF, Lean X EMmZINB M. HFEEE—
T ASKIERY


https://xenaproject.wordpress.com/2020/12/05/liquid-tensor-experiment/
https://leanprover-community.github.io/blog/posts/lte-final/
https://leanprover-community.github.io/liquid/

IERR%RHEN

Theorem 9.4 is an extremely technical statement,
whose proof is however the heart of the challenge,
and is the only result | was worried about. So with its
formal verification, | have no remaining doubts about

the correctness of the main proof.

(Scholze, Half a year)


https://xenaproject.wordpress.com/2021/06/05/half-a-year-of-the-liquid-tensor-experiment-amazing-developments/

IERR4HE]

The Lean Proof Assistant was really that: An assis-
tant in navigating through the thick jungle that this
proof is. Really, one key problem | had when | was try-
ing to find this proof was that | was essentially unable
to keep all the objects in my “RAM”, and | think the

same problem occurs when trying to read the proof.

(Scholze, Half a year)


https://xenaproject.wordpress.com/2021/06/05/half-a-year-of-the-liquid-tensor-experiment-amazing-developments/

UERA%HES
Lean always gives you a clear formulation of the current
goal, and Johan confirmed to me that when he formalized
the proof of Theorem 9.4, he could —with the help of
Lean —really only see one or two steps ahead, formalize
those, and then proceed to the next step. So I think
here we have witnessed an experiment where the proof

assistant has actually assisted in understanding the proof.

(Scholze, Half a year)


https://xenaproject.wordpress.com/2021/06/05/half-a-year-of-the-liquid-tensor-experiment-amazing-developments/

UERR%HEN
Actually, there would be a very clear thing that might have
gone wrong in this: Namely, that the formalized theorem
statement isn' t quite what you think it is. Checking that
it is indeed the correct statement is quite tedious —as
| said Theorem 9.4 is really quite a technical statement,
and to check that all definitions that enter it are exactly
correct is still something that a human must do, and still

a tedious task.

(Scholze, Half a year)


https://xenaproject.wordpress.com/2021/06/05/half-a-year-of-the-liquid-tensor-experiment-amazing-developments/

IERR%RHEN

The Lean Proof Assistant was really that: An assistant
in navigating through the thick jungle that this proof is.
Really, one key problem | had when | was trying to find
this proof was that | was essentially unable to keep all the
objects in my "RAM" , and | think the same problem

occurs when trying to read the proof.

(Scholze, Half a year)


https://xenaproject.wordpress.com/2021/06/05/half-a-year-of-the-liquid-tensor-experiment-amazing-developments/

UERA%HES
Lean always gives you a clear formulation of the current
goal, and Johan confirmed to me that when he formalized
the proof of Theorem 9.4, he could —with the help of
Lean —really only see one or two steps ahead, formalize
those, and then proceed to the next step. So I think
here we have witnessed an experiment where the proof

assistant has actually assisted in understanding the proof.

(Scholze, Half a year)


https://xenaproject.wordpress.com/2021/06/05/half-a-year-of-the-liquid-tensor-experiment-amazing-developments/
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Fermat's Last Theorem (FLT, Z25KEE)
m S MEIZIEZAGIERRZM Andrew Wiles BT
1993 FEMHY.
m JRYAUEBR{#FT Grothendieck's universe, XHETFF
E— N AARE
n IZIERAEAT AR 20 HCEWRIEERIS
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KT FLT RIIH:
m E—PEERIEARRGHIERR FLT (REEEE)

n {8 FLT EEERGIERRIFZ9TARLE 80 FARIANIATEAR]
AYELE (The FLT Project in Lean community)



https://leanprover-community.github.io/blog/posts/FLT-announcement/

ABEASHIRRENES

Formal proof assistants can be used to verify proofs
(as well as the output of large language models), al-
low truly large-scale mathematical collaborations, and
help build data sets to train te aforementioned macine

learning algorithms.

(Tao, AMS Colloquium Lectures)



https://youtu.be/AayZuuDDKP0?si=4gyzvw97sa37-oas

ABEASHIRRENES

One notable feature of proof formalization projects is
that they lend themselves to large collaborations that

do not require high pre-established levels of trust.

(Tao, AMS Colloquium Lectures)



https://youtu.be/AayZuuDDKP0?si=4gyzvw97sa37-oas
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RENCHIMFPEAR #IBr  (judgement)

a:A (ZRBUTEFA (well-typed) )

a=b: A (EMXZE[E (definitianal equal) )
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Example: f(x)=x+x: N

m Aol [E (Propositional equality)

Example: p:a=4b
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