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Motivation: Big Proof series: 2017, 2019, 2025
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Big proof: formalizing mathematics at scale
BPRWO03
9 June 2025 to 13 June 2025

Workshop theme

‘The 2025 Big Proof workshop is a follow-up to the successful 2017 Big Proof programme at the INI and the 2019
follow-up workshop at ICMS. Since these workshops, there has been an explosion of work in the large-scale
formalization of mathematics with spinoff activity targeting mathematical models in other fields. The 2025
Workshop is an opportunity to exchange experiences and ideas and craft a forward-looking research roadmap.

The workshop will focus on pragmatic foundations, scalable proof automation, tradeoffs between
expressiveness and automation, interchange formats, indexable digital libraries, the role of machine leaming in
proof, social aspects of digital mathematics, and broader applications of proof technology. We hope to buiild on
the enthusiastic response to prior Big Proof events to plan and launch major initiatives around the large-scale
formalization of mathematical knowledge.

https://www.newton.ac.uk/event/bprw03/
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https://www.newton.ac.uk/event/bprw03/

@ Formalisation from Euclid to Coquand

@ Deformalisation from the Stone Age to Euclid
© Automated Theorem Proving

@ Where are we, and where are we going?

Angpeii Popun (SPHERE) Aonras ucropus dopmanusauyun n gecdopmanusauyum mare



Formalisation from Euclid to Coquand
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Euclid: Pythagorean Theorem 1, ca 300 BC

Proposition 47

In a right-angled triangle, the square on the side
subtending the right-angle is equal to the (sum of the)
squares on the sides surrounding the right-angle.

Let ABC be a right-angled triangle having the right-
angle BAC. I say that the square on BC is equal to the
(sum of the) squares on BA and AC.

For let the square BDEC have been described on
BC, and (the squares) GB and HC on AB and AC
(respectively) [Prop. 1.46]. And let AL have been
drawn through point A parallel to either of BD or CE
[Prop. 1.31]. And let AD and FC have been joined. And
since angles BAC' and BAG are each right-angles, then
two straight-lines AC and AG, not lying on the same
side, make the (sum of the) adjacent angles equal to two
right-angles at the same point A on some straight-line
BA . Thus, CA is straight-on to AG [Prop. 1.14]. So, for
the same (reasons), BA is also straight-on to AH. And
since angle DBC is equal to F'BA, for (they are) both
right-angles, let ABC' have been added to both. Thus,
the whole (angle) DBA is equal to the whole (angle)
FBC. And since DB is equal to BC, and F'B to BA,
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Formalisation from Euclid to Coquand
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Euclid: Pythagorean Theorem 2, ca 300 BC
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the two (straight-lines) DB, BA are equal to the two
(straight-lines) C'B, BF,! respectively. And angle DBA
(is) equal to angle FBC. Thus, the base AD [is] equal
to the base FC, and the triangle ABD is equal to the
triangle FBC' [Prop. 1.4]. And parallelogram BL [is]
double (the area) of triangle ABD. For they have the
same base, BD, and are between the same parallels, BD
and AL [Prop. 1.41]. And parallelogram GB is double
(the area) of triangle F'BC. For again they have the
same base, F'B, and are between the same parallels, FB
and GC [Prop. 1.41]. [And the doubles of equal things
are equal to one another.]? Thus, the parallelogram BL
is also equal to the square GB. So, similarly, AE and
BK being joined, the parallelogram C'L can be shown
(to be) equal to the square HC'. Thus, the whole square
BDEC is equal to the (sum of the) two squares GB and
HC. And the square BDEC is described on BC, and
the (squares) GB and HC on BA and AC (respectively).
Thus, the square on the side BC is equal to the (sum of
the) squares on the sides BA and AC.
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Formalisation from Euclid to Coquand

Euclid: Pythagorean Theorem 3, ca 300 BC
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By #pa ol pSoyevioe tprydvore 1O &md thH Thus, in a right-angled triangle, the square on the
v Opdiy ywviev Drotewvolong mhevpdc tetpdywvov  side subtending the right-angle is equal to the (sum of
foov éott 10ig &nd @Y Ty 6pdiv [Ywviav] meptexovody  the) squares on the sides surrounding the right-[angle].
ThevpdY TeTpaydvols Grep et Setfor. (Which is) the very thing it was required to show.
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Formalisation from Euclid to Coquand

Pythagorean Theorem in a modern textbook

Theorem: Let a, b, ¢ are sides of rectangular triangle and c its
hypothenuse. Then a® + b% = 2.

Proof: Let ac, bc be projections of a, b on the hypothenuse c.
Then, by the equality of angles,
ANABC ~ NACD ~ ADCB. lt follows that

2 =2 g:%c:>32:acc, b? = bec = &% + b?> = °H
C
p
b
A o G B
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Formalisation from Euclid to Coquand

Pythagorean Theorem in a modern textbook

The above modern textbook proof of the Pythagorean theorem
involves ideas and notation first systematically introduced by René
Descartes in 1637.

It does not essentially use any mathematical technique or
knowledge obtained later on.
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Formalisation from Euclid to Coquand

Al-Khwarizmi, Algebra, ca 820 CE

(12 )
the number of the roots must be halved. And know,
that, when in a question belonging to this case you
have halved the number of the roots and multiplied
the moiety by itself, if the product be less than the

number of dirhems connected with the square, then the

s impossible;* but if the product be equal to

(8) thed

is equal to the moiety of the roots alone, without either

hems by themselves, then the oot of the square

addition or subtraction.
In every instance where you have two squares, or

more or less, reduce them to one entire sque

e, t as I
have explained under the first case.

Roots and Numbers are equal to Squares 1 for instance,
“three roots and four of simple numbers are equal

to a square.” Solution: Halve the roots; the moiety

is oncand a half. Multiply this by itself; the product

is two and a quarter. Add this to the four; the sum is

* If in an equation, of the form =*4a=bz, (2 £ a,
the case supposed in the equation cannot happen. If
(2)'=a, thenz=}

+ ea?ta=beis to be reduced to 5* +5 =2z

VP s +13
=v3f +a +1}
=V 6§ +1}
= 2} +1i=4
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Formalisation from Euclid to Coquand

Johann Faulhaber, Miracula Arithmetica, 1622
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Formalisation from Euclid to Coquand

Descartes La géométrie 1637

GEOMETRIA

RENATO DES CARTES
Aano 1637 Gallict edita ; poftea autem
ma cum Noris

FLORIMONDI DE BEAVNE,
Ut Caria Blefenfi Coflari Regii Gallic conferiptisia

erfa, & Cx

Operi atgne frudis
FRAN(CIS(CD iYSCHOOTEN,
in Acad. Lugd. Batava Mathelcos Profefloris.
demrs ab ecdem dil e, Iocw
N demum g agnia, ibus Commen

. explicatsonem, quans ad ampliandam b}

O eevioniamsermtibuaoea s

q..mm\‘.um Catalogum pagina verfE exhibet.

AMSTELOD AMI, %
. Ex Typographia BLAVIANA, MDC Lxxxnr.
Sumptibus Societatss.
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Formalisation from Euclid to Coquand

Descartes La géométrie 1637

2 GEOMETRI &

- refve mediz proportionales, quod idem eft, quod radi-
Sumds cis Quadratz , aut Cybice , &c. extractio. Neque enim:
wicefisr. hofce Arithmetices'terminos , ut facilis intelligi poffim,
Mulripli- in Geometriam introducere verebor. -
catio, Sit, exempli- gra-

IR \ tid, A B unitas, opor=
‘ teatqué . multiplicare
c- BD per BC: jun-

o puncta A & C,

- u@tique D E paral--

. lela AC, erit B

N D A 3 E produdtum hujus
) muft‘;plicationis.
Divifs - Vel fi dividenda fit BE perBD, junctis punctis E

&D, duco A C parallelamipfi D E, eritque B C quo-

ciens hujus Divifionis.
Extrattis : Vel denique fi ex G H
radiis . ’ extrahere oporteat radicem
Quadra- 1 oportea N
[ Quadratam , adjungo ipfi

in direCtum lineam rectam

] F G, que unitas eft; divi-

F G K H sique F H bifariam in pun-

! &o K, centro K interval-

lo FK feu KH deferibo circulum. quo facto, eritGI,

quzex pun&to G perpendicularis ducitur fuper FH uf-
queadl, radix quafita.
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Formalisation from Euclid to Coquand

Leibniz, De arte characteristica ad perficiendas scientias
ratione nitentes, 1688 (I)

Si daretur vel lingu a quaedam exacta (qualem quidam Adamicam
vocant) vel saltem genus Scripturae vere philosophicae, qua
notiones revocarentur ad Alphabet um quoddam cogitatio num
humanarum, omnia quae ex datis ratione assequi licet, inveniri
possent, quodam genere calculi, perinde ac resolvuntur problemata
Arithmeticae aut Geometriae.

Ecnn 661 Ham yganock HaliTh HEKOTOPbIA TOYHBIN A3bIK (KOTOPbLIN
HEKOTOPbIE Ha3bIBAIOT 3ZaMUYECKMM) WIN HTO-TO B POLE WCTUHHO
cpunocodpckoro cnocoba NucbMa OCHOBAHHOMO Ha andhasuTe
4YeNOBEYECKOrO MbILLJIEHNS, TO BCE JIOTMYECKNE CNefCTBUS OaHHbIX
HaM NPeanoCbINOK MOXHO bb110 Bbl MOAYHUTL C MOMOLLBIO
BbIYUCIEHNT NOJOBHO TOMY, Kak 3TO AENAeTCs MpU PELLIEHNN
apnMETNYECKIX N FEOMETPUYECKIX 3a4aH.

Angpeii Pogun (SPHERE) Aonras uctopus dopmanusauyun n gecdopmanusauyum mare



Formalisation from Euclid to Coquand

Leibniz, De arte characteristica ad perficiendas scientias
ratione nitentes, 1688 (I1)

[l]ta sentio nunquam temere controversias finiri neque sectis
silentium imponi posse, nisi a ratiocinationibus complicatis ad
calculos simplices, a vocabulis vagae incertaeque significationis, ad
characteres determinatos revocemur.

|_|O3TOMy A AyMato H4TO HaWwn Ccnopbl HUKOrAa HE 3aKOH4YaTCA, NMOKa
Mbl HE HAaYHUMCA CBOANTb CNOXHbIE PACCYXOEHUA K MPOCTbIM
BblHUCNEHUAM N NPEACTABNAATL HAWWW TYMaHHbIE pe4U TOYHbIMN
cuMmBoOJ1laMn.
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Formalisation from Euclid to Coquand

Leibniz, De arte characteristica ad perficiendas scientias
ratione nitentes, 1688 (1)

Quae vero facti sunt, et a fortuna vel casu pendent eatenus ad
artem inveniendi non pertinere manifestum est.

OpHako scHO, 4To haKTbl 3aBUCALLME OT CyAbDbI NAN Cay4vast He

MOTyT CTaTb N3BECTHbIMU C NOMOLLbLIO Takom I/I306p6TaTeJ'IbHOI7I
TEXHUKN.
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Formalisation from Euclid to Coquand

Leibniz, De arte characteristica ad perficiendas scientias
ratione nitentes, 1688 (1)

Quae vero facti sunt, et a fortuna vel casu pendent eatenus ad
artem inveniendi non pertinere manifestum est.

OpHako scHO, 4To haKTbl 3aBUCALLME OT CyAbDbI NAN Cay4vast He
MOTYT CTaTb U3BECTHLIMU C MOMOLLLIO TaKoW M30bpeTaTesibHOM
TEXHUKU.

Commentary: Leibniz does not assume completeness of his

projected logical calculus. But he might be nevertheless surprised to
learn that some arithmetical truths are contingent.
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Formalisation from Euclid to Coquand
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Formalisation from Euclid to Coquand

Hilbert 1927

“C nomoLLbio 3TOro HoBOro cnocoba obocHOBaHNSA MaTemMaTUKU,
KOTOPbI MOXHO Ha3BaTb TEOPMEl [OKA3aTeNbCTBa, 51 XO4Y pas u
HaBcerga m3baBuTb OT BCEX BOMPOCOB OCHOBaHWI MaTeMaTUKN B
TOW popMe, B KOTOPOI 3TN BOMPOCHI CErofHst cTaBaTcs. ns sToii
Lenu s MPeBPaLLalo KaXk4oe MaTEMATUYECKOE YTBEPXKAEHNE B
dopmyny, koTopasi MOXET ObITb KOHKPETHO MOCTPOEHA W CTPOro
BbIBEAEHA. . ... Yl BEpto B TO, 4TO C MOMOLLBIO MOEA Teopum
[0Ka3aTesIbCTB st CMOTY JOCTUYb NOCTaBiAeHHON uenn.”

Angpeii Pogun (SPHERE) Aonras uctopus dopmanusauyun n gecdopmanusauyum mare



Formalisation from Euclid to Coquand

Metamathematics

But as a matter of historical fact Hilbert and his followers using
formalisation pursued primarily metamathematical goals: they
proved important (meta)theorems concerning theoretical provability
and similar general issues; they did not use formal approaches either
in solving open problems or in teaching.
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Formalisation from Euclid to Coquand

Metamathematics

But as a matter of historical fact Hilbert and his followers using
formalisation pursued primarily metamathematical goals: they
proved important (meta)theorems concerning theoretical provability
and similar general issues; they did not use formal approaches either
in solving open problems or in teaching.

Formal Set theory and a mathematical theory about ZF(C)
including its model theory. Set theoretic foundations of
mathematics inherit the same feature: they operate in the ideal
modality “in principle” but not as a practical guide of how to prove
mathematical theorems.
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Formalisation from Euclid to Coquand

Alienation between theoreticians and practitioners

This created a profound alienation between the core mathematical
community and the community of
logicians/mathematicians/philosophers working on foundations of

mathematics. This concerns many ATP enthusiasts and developers
(Kevin Buzzard).
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Formalisation from Euclid to Coquand

Lawvere and Rosebrugh 2003

“OcHoBaHUs HayKuN ODBSICHSIOT ee CyLeCTBeHHbIe obuine
XapaKTEPUCTUKU, COCTABHbIE YacCTU 1 OMEPaLn, a TaKXKe
NPOVNCXOXKAEHME AAHHON HAYKN N 3aKOHbI ee pa3BuTus. 3agadqa
OCHOBaHWI HayKn COCTOUT B TOM, 4TODbI AaTb PYKOBOACTBO K
W3YYEHMIO, UCMONBL30BAHMIO 1 AaNbHERLIEMY YCOBEPLIEHCTBOBAHMIO
sToli Hayku. “HucTtble” ocHoBaHusA, kKoTopble 3abbiBatoT 0b 3Tol
3a/la4€e U YXOAAT B OTOPBaHHbLIE OT HAY4YHOU MPaKTMKK CMEKYNsLuu,
OYEBUAHO, He SIBASILOTCS OCHOBaHusiMu.”

Angpeii Pogun (SPHERE) HAonras uctopus dopmanusauyun n gecdopmanusauyum mare



Formalisation from Euclid to Coquand

Lawvere and Rosebrugh 2003

“OcHoBaHUs HayKuN ODBSICHSIOT ee CyLeCTBeHHbIe obuine
XapaKTEPUCTUKU, COCTABHbIE YacCTU 1 OMEPaLn, a TaKXKe
NPOVNCXOXKAEHME AAHHON HAYKN N 3aKOHbI ee pa3BuTus. 3agadqa
OCHOBaHWI HayKn COCTOUT B TOM, 4TODbI AaTb PYKOBOACTBO K
W3YYEHMIO, UCMONBL30BAHMIO 1 AaNbHERLIEMY YCOBEPLIEHCTBOBAHMIO
sToli Hayku. “HucTtble” ocHoBaHusA, kKoTopble 3abbiBatoT 0b 3Tol
3a/la4€e U YXOAAT B OTOPBaHHbLIE OT HAY4YHOU MPaKTMKK CMEKYNsLuu,
OYEBUAHO, He SIBASILOTCS OCHOBaHusiMu.”

“Theoretical” and “practical” foundations/philosophy of maths
(Paolo Mancosu)
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Formalisation from Euclid to Coquand

Giuseppe Peano, Formulario 1895

Formulario: How an ultimate formalisation looks like in practice.

jus
§1.
a,b,¢c,ksn.0:
1. 0ena.
2. aznX1.
3. acna.
4, abena.

5. aenb.bena.=.a==+b.
6. aenb.benc.o.aenc.

7. a,benc.0.a+ba—béenc.
8. aenb.o.acenbe.

9. » .o0.acenb.

10. aeb+nk.bec+nk.0o.acc+nk.

11. B .adeb~+nk.o.a+aeb+b +nk.
12. > .0.cacch+nk.

13. > .a'eb +nk.o.ad =bb'+nk.

14. B L0.a" b +nk.

15. caccb+nck.0o.acb-+nk.
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Formalisation from Euclid to Coquand

Giuseppe Peano, Formulario 1901

Deformalisation of Formulario: a historical precursor of MALINCA

project:
¥ 4 Propositions primitives
‘0 N, & Cls Pp ! 4 0N, Pp
2 aeN,.D.at N, Pp
‘3 seCls.Oes:wes Dz x+e5: )Ny, s Pp

{ P8 = Induct == «loi d’'induction »}
{ PASCAL a.1654 1.3 p.298:
« Premier lemme ... cette proposition se rencontre dans la seconde base...
Deuxiéme ... si:cette proposition se: trouve dans une base quelconque,
elle se trouvera nécessairement dans la suivante.
D’olt il se voit qu’elle est nécessairement: dans toutes les hases. » |

Les idées primitives sont déterminées par les propositions primitives que
nous venons d’énoncer et par les P62 P84, desquelles  découlent toutes
les P 'de I'Arithmétique.

Dans la lecture.des propesitions :il convient de se rapprocher autant que
j possible du langage ordinaire. On lira les P4 p. ex. comme il suit:
‘0« Ng est une classe » 1 « & laquelle appartient 0 »
2 «Tout nombre est suivi par un nombre. »
'8 « Soit s une classe; supposons que O appartienne & ceite classe; et
que toutes les fois qu'un individu appartient a cette classe, son suivant
y appartienne aussi; alors fous -les nombres appartiennent a cette classe.»
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Deformalisation from the Stone Age to Euclid

@ Deformalisation from the Stone Age to Euclid

Angpeii Popun (SPHERE) Aonras ucropus dopmanusauyun n gecdopmanusauyum mare



Deformalisation from the Stone Age to Euclid

Lebombo bone, the estimated age is 42-43 Kyears

30 notches found on this bone may correspond to the Lunar month.
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Deformalisation from the Stone Age to Euclid

Lebombo bone, the estimated age is 42-43 Kyears

30 notches found on this bone may correspond to the Lunar month.
Human mathematical scripts (or samplings) historically (by far)

predates writing (in the usual sense of graphical representation of
spoken language).
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Deformalisation from the Stone Age to Euclid

Clay accounting tokens from Tello (anc. Girsu), excavations
Genouillac 1930-31, ca. 3500-2900 BC.

O . 40
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Deformalisation from the Stone Age to Euclid

Moscow (Golenischev) papyrus, ca. 2000 BC

Combining a mathematical script with writing (a text in natural
language) as a form of (meaning-giving?) deformalisation.
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Deformalisation from the Stone Age to Euclid

Moscow (Golenischev) papyrus, ca. 2000 BC

If you are told [problem]: a truncated pyramid of 6 for the vertical
hight by 4 on the base by 2 on the top. [Solution:] You to square
this 4; result 16. You are to double 4; result 8. You are to square
this 2: result 4. You are to add the 16 and the 18 and the 4; result
28. You are to take % of 6; result 2. You are to take 28 twice; result
56. See, it is of 56. You found it right.
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Deformalisation from the Stone Age to Euclid

Moscow (Golenischev) papyrus: commentary

Text in the right column is written in Ancient Egyptian language
using hieratic writing along with standard arithmetical symbols. It
parallels the formal computation presented in the left column.
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Deformalisation from the Stone Age to Euclid

Moscow (Golenischev) papyrus: commentary

Text in the right column is written in Ancient Egyptian language
using hieratic writing along with standard arithmetical symbols. It
parallels the formal computation presented in the left column.

Why the author of the document opted for supporting the formal
computation with a text in (the hieratically written) Egyptian?
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Deformalisation from the Stone Age to Euclid

Theoretical Mathematics: back to Euclid

It appears that the theoretical mathematics concerned with proof,
reasoning and understanding — as we know it, in particular, via
Euclid's Elements — would be impossible without using the natural
language in a systematic way.
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© Automated Theorem Proving

Angpeii Popun (SPHERE) Aonras ucropus dopmanusauyun n gecdopmanusauyum mare



Automated Theorem Proving

Timeline
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Automated Theorem Proving

Timeline

@ 1956: Dartmouth Workshop (Dartmouth Summer Research
Project on Artificial Intelligence organised by Claude Shannon,
John MacCarthy et al.): the official birth of Al
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Automated Theorem Proving

Timeline

@ 1956: Dartmouth Workshop (Dartmouth Summer Research
Project on Artificial Intelligence organised by Claude Shannon,
John MacCarthy et al.): the official birth of Al
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Automated Theorem Proving

Timeline

@ 1956: Dartmouth Workshop (Dartmouth Summer Research
Project on Artificial Intelligence organised by Claude Shannon,
John MacCarthy et al.): the official birth of Al

@ 1968: Versaille Symposium (Symposiusm on Automatic
Demonstration organised by M. Laudet et al.). Public
presentation of AUTOMATH by Nicolaas de Bruijn
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Automated Theorem Proving

MacCarthy 1961 Computer programs for checking
mathematical proofs

Checking mathematical proofs is potentially one of the most
interesting and useful applications of automatic computers.
Computers can check not only the proofs of new mathematical
theorems but also proofs that complex engineering systems and
computer programs meet their specifications.
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Automated Theorem Proving

MacCarthy 1961 Computer programs for checking
mathematical proofs

Checking mathematical proofs is potentially one of the most
interesting and useful applications of automatic computers.
Computers can check not only the proofs of new mathematical
theorems but also proofs that complex engineering systems and
computer programs meet their specifications.

Proofs to be checked by computer may be briefer and easier to
write than the informal proofs acceptable to mathematicians. This
is because the computer can be asked to do much more work to
check each step than a human is willing to do, and this permits
longer and fewer steps. [... ]
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Automated Theorem Proving

MacCarthy 1961 Computer programs for checking
mathematical proofs

Checking mathematical proofs is potentially one of the most
interesting and useful applications of automatic computers.
Computers can check not only the proofs of new mathematical
theorems but also proofs that complex engineering systems and
computer programs meet their specifications.

Proofs to be checked by computer may be briefer and easier to
write than the informal proofs acceptable to mathematicians. This
is because the computer can be asked to do much more work to
check each step than a human is willing to do, and this permits
longer and fewer steps. [... ]

The combination of proof-checking techniques with proof-finding
heuristics will permit mathematicians to try out ideas for proofs
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Automated Theorem Proving

Viktor M. Glushkov (BukTtop Muxaiinosuy nywkos) 1970:
the concept of proof assistant

Since 1962 the director of newly founded Institute of Cybernetics
(today of Ukrainian National Academy of Science) in Kyiv.

LIV TITTINAN
BTEMATA B BNRE: |

"\ ABTOMATHIAUMS NPOEKTHPOBARHA
( 1 UADPOBDIX ABTOMATOB
A e .
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Automated Theorem Proving

1970: the concept of proof assistant

"Yt1o KacaeTcs, B HaCTHOCTM, aBTOMAaTM3aLMMN AOKA3aTENbCTBA
TEOPEM, TO LIEHTP TSXKECTU paboThl B 3TON obnacTu gosixkeH bbITh
CMELLIEH OT MOCTPOEHUS 'YHUBEPCAbHBLIX [OKa3blBatOLLMX
MpPOrpamMm B CTOPOHY CO3JaHUsi CUCTEM aBTOMaTM3auum
NPOrpaMMUPOBAHUNSA 1 ONEPALMOHHBIX CUCTEM, NO3BOASIOLINX, B
c/lydae HeobxogMMOCTH, BbICTPO NPOrpPaMMUPOBaTL MOUCK
[OKa3aTe/IbCTBA 1aXKE OfHOM-ANHCTBEHHON TPYAHOW TeopeMbl U
CNOCObHbIX, ecnu noTpebyercs, paboTaTh B NCTUHHOM MacluTabe
BPEMEHMN C MAaTEMaTUKOM, A0Ka3blBatOLWMM 3Ty TeopeMy. Ha Takom
M TOMILKO HA TakOM MyTU MOXHO 3a Pa3yMHOE BPeMsi AobuTbes
OLLYTUMbIX MPaKTUYECKUX pe3ynbTaTos.”

(“HekoTopble npobnembl Teopun aBTOMaTOB 1 NCKYCCTBEHHOTO
unTennekta’, Kubepretuka 1970, nomep 2 : Cobp. coy. Tom 2, cTp.
203)

Angpeii Pogun (SPHERE) Aonras uctopus dopmanusauyun n gecdopmanusauyum mare



Automated Theorem Proving

Timeline (continued)
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Automated Theorem Proving

Timeline (continued)

@ since mid-1960s —7: AUTOMATH (de Bruijn)
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Automated Theorem Proving

Timeline (continued)

@ since mid-1960s —7: AUTOMATH (de Bruijn)

@ since mid-1960s —7 Automated Proof System (Cucrema
AsTtomatusaunm [okasatenscts) and Evidence Algorithm
(Anroputm Ouesugroctn)(Glushkov)
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Automated Theorem Proving

Timeline (continued)

@ since mid-1960s —7: AUTOMATH (de Bruijn)

@ since mid-1960s —7 Automated Proof System (Cucrema
AsTtomatusaunm [okasatenscts) and Evidence Algorithm
(Anroputm Ouesugroctn)(Glushkov)

@ 1972 =7 : LCF (Logic for Computable Functions)(Robert
Milner et al.), later developed into HOL (1982 Michael
Gordon) and ISBELL (1986, Laurence Paulson)
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Automated Theorem Proving

Timeline (continued)

@ since mid-1960s —7: AUTOMATH (de Bruijn)

@ since mid-1960s —7 Automated Proof System (Cucrema
AsTtomatusaunm [okasatenscts) and Evidence Algorithm
(Anroputm Ouesugroctn)(Glushkov)

@ 1972 =7 : LCF (Logic for Computable Functions)(Robert
Milner et al.), later developed into HOL (1982 Michael
Gordon) and ISBELL (1986, Laurence Paulson)

@ 1973 =7 MIZAR system (Andrzej Trybulec)
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Automated Theorem Proving

Timeline (continued)

New theoretical development: Type theory with dependent types
(Per Martin-Lof)
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Automated Theorem Proving

Timeline (continued)

New theoretical development: Type theory with dependent types
(Per Martin-Lof)

@ 1984: NURPL (Robert Lee Constable)
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Automated Theorem Proving

Timeline (continued)

New theoretical development: Type theory with dependent types
(Per Martin-Lof)

@ 1984: NURPL (Robert Lee Constable)
@ 1989: COQ (Thierry Coquand)
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Automated Theorem Proving

Timeline (continued)

New theoretical development: Type theory with dependent types
(Per Martin-Lof)

@ 1984: NURPL (Robert Lee Constable)
@ 1989: COQ (Thierry Coquand)
@ 1999: AGDA (Catarina Coquand)
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Automated Theorem Proving

Timeline (continued)

New theoretical development: Type theory with dependent types
(Per Martin-Lof)

@ 1984: NURPL (Robert Lee Constable)
@ 1989: COQ (Thierry Coquand)
@ 1999: AGDA (Catarina Coquand)

@ since 2013: LEAN 1-4 (originally Leonardo de Moura,
presently Microsoft Research and a large Lean community)
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Automated Theorem Proving

V

THEOREM PROVER

https://leanprover-community.github.io/index.html
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https://leanprover-community.github.io/index.html
https://github.com/UniMath/UniMath

Automated Theorem Proving

V

THEOREM PROVER

https://leanprover-community.github.io/index.html

https://github.com/UniMath/UniMath (Coq)
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Automated Theorem Proving

Big Proof workshop series: 2017, 2019, 2025

R erTatical What's On  Visitors ~ Documents Initiatives  Media About Support  Contact | Q

Big proof: formalizing mathematics at scale
BPRWO3
9 June 2( to 13 June 2025

Workshop theme

‘The 2025 Big Proof workshop is a follow-up to the successful 2017 Big Proof programme at the INI and the 2019
follow-up workshop at ICMS. Since these workshops, there has been an explosion of work in the large-scale
formalization of mathematics with spinoff activity targeting mathematical models in other fields. The 2025
Workshop is an opportunity to exchange experiences and ideas and craft a forward-looking research roadmap.

The workshop will focus on pragmatic foundations, scalable proof automation, tradeoffs between
expressiveness and automation, interchange formats, indexable digital libraries, the role of machine leaming in
proof, social aspects of digital mathematics, and broader applications of proof technology. We hope to buiild on
the enthusiastic response to prior Big Proof events to plan and launch major initiatives around the large-scale
formalization of mathematical knowledge.

https://www.newton.ac.uk/event/bprw03/
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Automated Theorem Proving

MALINCA project

Construire un pont linguistique entre le mathématicien et la
machine, tel est le sous-titre de MALINCA. Ce projet est soutenu
par une bourse du Conseil européen de la recherche ERC Synergy
qui, contrairement aux financements ERC classiques, est destinée 2
toute une équipe de scientifiques.PMALINCA vise a élargir |'usage
des mathématiques vérifiées par ordinateur, en faisant notamment
fonctionner divers outils de vérification et de preuves
mathématiques avec le langage naturel. Une démonstration
mathématique pourrait alors étre directement et automatiquement
vérifiée par ordinateur, sans avoir a étre traduite en code. Cela
aiderait a gérer le flux grandissant de publications en
mathématiques qui sortent chaque mois.

https://www.ins2i.cnrs.fr/fr/cnrsinfo/
malinca-ou-comment-verifier-automatiquement-les-theoremes-s
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https://www.ins2i.cnrs.fr/fr/cnrsinfo/malinca-ou-comment-verifier-automatiquement-les-theoremes-sans-avoir-les-reecrire/
https://www.ins2i.cnrs.fr/fr/cnrsinfo/malinca-ou-comment-verifier-automatiquement-les-theoremes-sans-avoir-les-reecrire/

Where are we, and where are we going?

@ Where are we, and where are we going?
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Where are we, and where are we going?

Adamic Language

The idea of Adamic Language (or Adamic Script) in the form of
logical calculus which directly reflects basic ontological structures of
our universe and thus enables us to know things in this universe
and to reason about them correctly is a anti-scientific myth, which

underlies a good deal of (so called Analytic Philosophy in the 20th
century.
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Where are we, and where are we going?

Adamic Language

The idea of Adamic Language (or Adamic Script) in the form of
logical calculus which directly reflects basic ontological structures of
our universe and thus enables us to know things in this universe
and to reason about them correctly is a anti-scientific myth, which
underlies a good deal of (so called Analytic Philosophy in the 20th
century.

Leibniz himself referred to the notion of Adamic Language rather

ironically, but two centuries later Bertrand Russell took the idea of
Adamic Script quite seriously.
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Where are we, and where are we going?

Neo-Scholasticism

In the course of the 20th century a large part of the Analytic
Philosophy developed into a new form of dogmatic medieval-style
Scholasticism where Aristotle’s syllogisms were replaced by the
elements of the Classical First-Order Logic.
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Where are we, and where are we going?

Jozef Maria Bocheriski (1902-1995)

Jézef Bochenski's fully embraced and emphasised the conceptual
ties of Analytic Philosophy to the Medieval Scholasticism. He
believed that his contemporary Analytic Scholasticism was an
appropriate antidote against his contemporary Marxism and the
related doctrine of Dialectical Materialism promoted by Kremlin
ideologues and their heirs in other countries of the Communist
Block (including Poland where Bochensky was born).
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Where are we, and where are we going?

An exit strategy

The recent booming development of new formal calculi in
Mathematical Logic and Computer Science, and the
implementation of many of those calculi in the form of executable
programs, undermines the monopoly of the Classical FOL in its
pretended role of the language of rational argument and thought
(i.e., of the Adamic Script) and calls for a revision of our current
ideas about formal calculi and their epistemic roles.
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Where are we, and where are we going?

An exit strategy

The recent booming development of new formal calculi in
Mathematical Logic and Computer Science, and the
implementation of many of those calculi in the form of executable
programs, undermines the monopoly of the Classical FOL in its
pretended role of the language of rational argument and thought
(i.e., of the Adamic Script) and calls for a revision of our current
ideas about formal calculi and their epistemic roles.

What we need today is not yet another replacement of Classical
FOL by some more fashionable formal calculus but rather a
reconsidering of the relationships between formal calculi, natural
languages and other related symbolic tools used in our scientific,
educational, and cultural practices.
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Where are we, and where are we going?

Open questions:
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Where are we, and where are we going?

Open questions:

@ How formal calculi obtain meaning via the natural language
and otherwise?
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Where are we, and where are we going?

Open questions:

@ How formal calculi obtain meaning via the natural language
and otherwise?

@ What are criteria of the adequacy of a formalisation of some
given informal content?
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Where are we, and where are we going?

Open questions:

@ How formal calculi obtain meaning via the natural language
and otherwise?

@ What are criteria of the adequacy of a formalisation of some
given informal content?

o (Dually:) What are criteria of the adequacy of a
deformalisation (aka interpretation) of some given symbolic
content?

@ What is an epistemic value of a computer-verified
mathematical theorem. Does its proof need to be understood
by a human? (yes!)
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Cnacnbo!
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