
“It were much to be desired, that when 
mathematical processes pass through the 
human brain instead of through the medium 
of inanimate mechanism, it were equally a 
necessity of things that the reasonings 
connected with operations should hold the 
same just place as a clear and well-defined 
branch of the subject of analysis, a 
fundamental but yet independent ingredient 
in the science, which they must do in
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“The brain is fundamentally a lazy piece of 
meat.”
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to time… and from these observations you try to figure out 
what the rules of the game are.”

“… a fun analogy in trying 
to get some idea of what 
we’re doing in trying to 
understand nature, is to 
imagine that the gods are 
playing some great game 
like chess… and you don’t  
know the rules of the game, 
but you’re allowed to look at 
the board, at least from time 
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Person: Pick up a big red block.
Computer: OK.
Person: Grasp the pyramid.
Computer: I DON'T UNDERSTAND WHICH PYRAMID YOU MEAN.
Person (changing their mind): Find a block which is taller than the one you are holding and put it into the box.
Computer: BY "IT", I ASSUME YOU MEAN THE BLOCK WHICH IS TALLER THAN THE ONE I AM HOLDING.
Computer: OK.
Person: What does the box contain?
Computer: THE BLUE PYRAMID AND THE BLUE BLOCK.
Person: What is the pyramid supported by?
Computer: THE BOX.
Person: How many blocks are not in the box?
Computer: FOUR OF THEM.
Person: Is at least one of them narrower than the one which i told you to pick up?
Computer: YES, THE RED CUBE.
Person: Is it supported?
Computer: YES, BY THE TABLE.
Person: Can the table pick up blocks?
Computer: NO.
Person: Can a pyramid be supported by a block?
Computer: YES.
Person: Can a pyramid support a pyramid?
Computer: I DON'T KNOW.
Person: Stack up two pyramids.
Computer: I CAN'T.
Person: Will you please stack up both of the red blocks and either a green cube or a pyramid?
Computer: OK.
Person: Which cube is sitting on the table?
Computer: THE LARGE GREEN ONE WHICH SUPPORTS THE RED PYRAMID.
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Winograd schemas:

The trophy would not fit in 
the brown suitcase because it 
was too big (small).

What was too big (small)?

The town councilors refused to give the 
demonstrators a permit because they 
feared (advocated) violence.

Who feared (advocated) violence?





seq2seq:  Encoder + Decoder

“meaning”
vector

you  asked  us  to  call  you  back  after  last  Friday

Wir hoffen jedoch, dass sie bei Ihrer Reiseplanung weiterhilft
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Need “context” vectors





Source: https://github.com/tensorflow/nmt



variational attention (blue) 
vs prior alignment (red)

self-attention
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“The Transformer” are a Japanese [[hardcore punk]] band.
==Early years== 
The band was formed in 1968, during the height of Japanese music history. 
Among the legendary [[Japanese people|Japanese]] composers of [Japanese 
lyrics], they prominently exemplified Motohiro Oda's especially tasty lyrics and 
psychedelic intention. Michio was a longtime member of the every Sunday night 
band PSM. His alluring was of such importance as being the man who ignored 
the already successful image and that he municipal makeup whose parents 
were&nbsp;– the band was called 
Jenei.<ref>http://www.separatist.org/se_frontend/post-punk-musician-the-
kidney.html</ref> From a young age the band was very close, thus opting to 
pioneer what …

:
=== 1981-2010: The band to break away ===
On 1 January 1981 bassist Michio Kono, and the members of the original line-
up emerged. Niji Fukune and his [[Head poet|Head]] band (now guitarist) 
Kazuya Kouda left the band in the hands of the band at the May 28, 1981, 
benefit season of [[Led Zeppelin]]'s Marmarin building. In June 1987, Kono 
joined the band as a full-time drummer, playing a … 







Reformer performance on UNKNOT as function 
of braid length. Performance increases with N.



Fraction of unknots whose braid words could be 
reduced to the empty braid word as a function of 
initial braid word length.





Generalized Poincare conjecture:
Every homotopy 4-sphere is 
diffeomorphic to the standard 4-sphere.

Theorem: If one finds a pair of knots 
which satisfy the following three properties:

then the smooth 4-dimensional Poincare conjecture 
is false.

• K and K’ have the same 0-surgery
• K is not slice
• K’ is slice
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#(crossings)

165 knots

1,388,705 knots

computation of 
“quantum” invariants

potential counterexample 
to slice-ribbon conj.

potential counterexamples 
to SPC4 (ruled out)



Proof assistants:
autoformalization,
SAT-solvers, LEAN, 
Minerva, GPT-4, …

Mathematics of AI:
foundations, explainable AI, 
geometric deep learning,
algorithm design, …

Using ML to discover new mathematics:
– Finding counterexamples (disproving conjectures)
– Formulating new conjectures (learning new patterns)
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“black swans”

rare events

lumpy rewards





AI in mathematical sciences:
:

M.Hughes
Y.-H.He
D.Krefl, R.-K.Seong
F.Ruehle
J.Carifio, J.Halverson, D.Krioukov, B.Nelson
A.Cole, G.Shiu
V.Jejjala, A.Kar, O.Parrikar
E.Parr, P.Vaudrevange, M.Wimmer
M.Larfors, R.Schneider
H.Otsuka, K.Takemoto
R.Deen, Y.-H.He, S.-J.Lee, A.Lukas
Y.-H.He, E.Hirst, T.Peterken
T.Akutagawa, K.Hashimoto, T.Sumimoto
M.Bies, M.Cvetic, R.Donagi, L.Lin, M.Liu, F.Ruehle
M.Noormandipour, Y.Sun, B.Haghighat
H.Erbin, R.Finotello
M.Demirtas, L.McAllister, A.Rios-Tascon
L.Anderson, M.Gerdes, J.Gray, S.Krippendorf, N.Raghuram, F.Ruehle
V.Jejjala, D.Pena, C.Mishra
T.Harvey, A.Lukas
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Nobel Prize to a Neural Net?


