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AI and SClence Al FOR SCIENCE

Scientists strive to understand how nature and society work.

They formulate hypotheses, conjectures, design reasoning, experiments and collect
data, analyze them to better understand natural, physical and social phenomena.

Data collection and analysis are central to the scientific method: scientists have long
used statistical techniques to extract information from data, test and (in)validate
hypotheses, etc.

Science capitalize on Al: Al provides new tools and is becoming a scientific
discovery paradigm impacting the way research is produced across disciplines.

Science contribute to Al: Al is also nurtured by other disciplines: physics,
mathematics, neuroscience, etc.

2024 Nobel Prizes: Nobel Prize for Physics (neural networks) and The Nobel Prize for
Chemistry (AlphaFold).

Spectacular illustration of the cross-fertilization and increasingly inextricable Iin
between Al and science.



The many revolutions of Al
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(Un)supervised machine learning

Unsupervised learning Supervised learning
Dimension reducu?n Clustering Regression FleseticziiaT
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PCA, t-SNE, UMAP k-means, DBScan ' ' ?
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Diffusion models
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Prouve que le produit scalaire matriciel (.S, 7T") peut

14 = 1
_ « Large Language Model » (LLM) S eC“[e‘E t:ﬁTT )-
Terminology : / SE MISTRAL_ Pour prouver que le produit scalaire
« foundation models» matriciel (S,T) peut s'écrire sous la forme tr(ST"),

considéerons les definitions suivantes : le produit scalaire
entre deux matrices S et T de taille n x n est donné par

. n n . t
<S, T> _ 21’:1 Zj=1 5,1, La trace du produit ST" est
définie comme tr(ST") = 2’:1 (ST"),;. En développant

< Large neural networks

p Trained to generate data

-+ O solve problems I'élément diagonal, nous avons (ST"); = Zn S;i; Ce
j=1
qui donne
Can be fine-tuned at low cost N WL WL _
tr(ST)—Zizl ijl sty = S.T).

Ainsi, (S, T) = tr(ST").
How to extend these methods beyond text and images ?
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Foundation models In sciences

SCPRINT: Large Cell Model for scRNAseq data
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experiments in a closed-loop self-improving cycle.

Scientist

The scientist interacts
with the system by
specifying aresearch

goal in natural language.

They can also suggest
their own ideas and
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@ DeepMind Al Co-Scientist

Generates novel hypotheses, reviews literature, and designs
experiments in a closed-loop self-improving cycle.

Sa kCl na ,Oi “The Al Scientist”

End-to-end system: ideation - coding - experiments - writing
-> peer review, all automated.
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End-to-end system: ideation - coding - experiments - writing
-> peer review, all automated.

% Edison “Kosmos”

12-hour autonomous runs combining data analysis and literature
search. Proposed a novel mechanism for Type 2 diabetes risk from
public genetics data.

Popper

Automated Hypothesis Validation with Karl Popper’s principle of
falsification.
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From generative Al to agentic Al in sciences

Scientist inputs

Research plan

Research goal configuration
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Mathematics and machines: a long history

pasca”ne’ 1652 Human computing, Electronic computers,

Roman abacus, 1st century CE 20th century 20th century

Represent Calculate Delegate Automate

Mathematicians have outsourced computation for millennia.



From computation to discovery

Computing data can reveal patterns, suggest conjectures, and lead to new mathematics.

G. Tables of prime numbers
19th century - Gauss & Legendre

Carl Friedrich Gauss
(1777-1855)

Adrien-Marie Legendre
(1752-1833)

Gauss and Legendre observed regularities

By examining large tables of prime numbers,

\and conjectured the prime number theoremj

~

2. A computer finds a counterexample

Euler's conjecture (1769)

If a{‘+a§+~-+a,’f=bk
for positive integers, thenn > k.

—
= pE——— g
= [ o) -
= e il
¥ L1l i . L
£

1966 - CDC 6600
Lander & Parkin

[ 275 + 845 + 110° + 133° = 1445 |

After almost 200 years, a computer found

a counterexample. Euler's conjecture is false.

3. Mathematical databases
Today - e.g. OEIS

The OEILS is supported by the many generous donors to the OEIS Foundation.

981‘::31} Tuae ON-LiNe ENcYCLOPEDIA
157 OF INTEGER SEQUENCES"
11

< 1
102211 21

founded in 1964 by N. J. A. Sloane

1,123,5,8,13 m

(Greetings from The On-Line Encyclopedia of Integer Sequences!)

Search: seq:1,1,2,3,5,8,13
Displaying 1-10 of 176 results found. =~ page 12345678910
Sort: relevance | references | number | modified | created Format: long | short | data

A000045 Fibonacci numbers: F(n) = F(n-1) + F(n-2) with F(0) =0 =20

and F(1) = 1. S
(Formerly M0692 N0256)

Large mathematical databases (like the OEIS)
allow us to compare sequences, revealing
unexpected connections between different
areas of mathematics.

Compute

Observe

Conjecture

Prove

The machine is no longer only a calculator: it becomes a tool for mathematical discovery.



Mathematics and computers

= EVoulube 2015 M ath Panel with Donaldson, Kontsevich, Lurie, Tao, Tavlor, Milner

INTERVIEWER: Do you imagine that, maybe in 100
years, or 1000 years, that, like it happened in chess --
humans still play tournaments but everyone knows
computers are better -- is it conceivable that this could
happen in mathematics?

TAO: | think computers will be able to do things much
more efficiently with the right computer tools. ...

KONTSEVITCH: | think it's perfectly possible, maybe in
our lifetime.

TAO: One could imagine that a computer could discover
just by brute force a connection between two fields of
mathematics that wasn't suspected, and then the person on
the computer would be able to flesh it out. Maybe he would
collect the medal.




AlphaProof and
AlphaGeometry 2 :
Silver Medal at IMO 2024.

Gemini DeepThink:

Show that +KIL + . XPY = 180°

« LLM-guided evolutionary search can
. autonomously discover mathematical
& 7 constructions that complement human
! intuition, at times matching or even
= &P improving the best known results,
W& ma highlighting the potential for significant
' P new ways of interaction between
mathematicians and Al systems. »

« The fact that the program can come up
with a non-obvious construction like this is
very impressive, and well beyond what |
thought was state of the art. »

Gold Medal 2025

Reasoning models: Chain of thoughts, Test time scaling, RL.

AlphaEvolve: LLM coding agent for algorithmic solutions to
scientific problems.

AlphaProof: formal reasoning.
DeepThink: informal reasoning.

Interaction with formal proof languages




What do we delegate to machines?

A long history, a moving frontier

-~

1. CALCULATE

Represent and perform
basic operations

Roman abacus
(1st century CE)

Pascaline
(1652)

From mental calculation
to mechanical aids.

.

~

2. COMPUTE AT SCALE

Carry out large numbers
of calculations

Human computers
(20th century)

Electronic computers )
(from 1940s)

Speed and scale

J

far beyond human capability.

3. SEARCH & EXPLORE

Explore large spaces,
find examples, detect patterns

275+ 845 + 1105+ 133° = 1443

CDC 6600(1966)
Found a counterexample
to Euler's conjecture.

The OEIS is supported by the many generous donors to the OELS Foundation.

‘?Bﬁﬂ Tae ON-LiNe ENcYCLOPEDIA
] S OF INTEGER SEQUENCES*

10221121

founded in 1964 by N. J. A. Sloane

11235813

From computation
to conjectures and connections.

~

ample : YP Q : Prop, P« 0 « P :=
in

4. VERIFY

Check computations
and proofs

Interface ¥ Tastic state

~

\

e Computer-assisted proofs
(e.g. four-colour theorem)

® Formal proof assistants
(Lean, Coq, Isabelle, ...)

e Verification of complex
calculations

The machine ensures
rigor at scale.

J

—

More mathematical reasoning

More arithmetic

The frontier keeps moving.
Each new tool allows us to delegate more - and to ask new questions.



The changing frontier

What remains human? What can be delegated?

HUMAN

Insight, meaning, creativity

o

Choose the problem
Ask the right question
Choose representations
Interpret results
Recognize what matters
Form conjectures
Find strategies
Mathematical intuition?

THE FRONTIER
IS MOVING

CALCULATE
SEARCH
VERIFY
SUGGEST

THINK?

If machines can calculate, search and verify...
can they also help us think?

MACHINE

Speed, scale, precision

0)
i

Compute
Search at scale
Compare
Detect patterns
Verify proofs
Formalize mathematics
Suggest conjectures?
Suggest strategies?



Modern LLMs: from text to (informal) reasoning

Self-superviseo

Huge
Text corpus

1) Pre-training

The LLM simply learns to continve the
text instead of being conversational

Untrained
M

Pre-trained
tm

l What is an LLM? |

W How do LLMs work? |

 What are LLM params?

(@) Output

s»q:evviseol

Instruction
response pairs

2) Instruction fine-tuning

The LLM becomes conversational,
providing helpful answers.

(What is an Lz |

— —— — — — — -

Instruction
Lm fine-tuned LM An LLM is o type of ‘
| _\ML model that tmined...j,

Pre-trained

(4) Output




Modern LLMs: from text to (informal) reasoning

Self-superviseo

Huge

1) Pre-training

l What is an LLM? |

The LLM simply learns to continve the

Text corpus -
text instead of being conversational | 3 ngrg
| User
! 3
; |
Untrained Pre-trained |
LLm LLm \W How do LLMs work? | |
\  What are LLM params? I
(@) Output
.
Relnforcement Learning from Human Feedback
(RUHF)
7

User

3) Preference Fine-tuning Hserlaneen

instruction
ALL@ nment response pair
Response #1

3 @) 5
SBe. & -2 [0
' response
l (51

—t Y

Instruction |
fine-tuned LLM | To RLHF (PPO)
or

> )
B 9. DPO

Response #2

s»q:evviseol

Instruction
response pairs

2) Instruction fine-tuning

The LLM becomes conversational,
providing helpful answers.

— —— — — — — -

(What is an Lz | a

Instruction

Pre-trained
Lm fine-tuned LM

| MU model that trained... |

An LLM is o type of “‘

(4) Output




Modern LLMs: from text to (informal) reasoning

Self-superviseo

Huge
Text corpus

1) Pre-training

The LLM simply learns to continve the
text instead of being conversational

(What is an LLMZ | a

Pre-trained
M tm

Untrained

\1 How do LLMs work? |
\  What are LLM params?)

(@) output
%
Relnforcement Learning from Human Feedback
(RUHF)
/
3) Preference Fine-tuning Heer-absled
ALL@ nment response pair
Response #1 X .
(3) 4) )
e p:ef;,;;d”g - | g 7]
o response
! S |

User

= Y
To RLHF (PPO)

i or
—» )
& 2 DPO

Instruction |
fine-tuned LLM |

Response #2

swPerviseol

2) Instruction fine-tuning |
The LLM becomes conversational, [wm is an LLW? |
providing helpful answers. - =======
(3) Query

| Instruction

| response pairs

* Train | pre-trained
‘ L fine-tuned LLM ‘r.l AR ULNVTS o Eipe of \
| ' \ AL model that trained... |

Instruction

‘4) Output

Reinforcement Learning with verifiable Rewards
(RLVR)

4) Reasoning fine-tuning

Reasoning task
with a definitive

answer Update model
Sl @ 2 ° (@ — 4) params to |

=y - = =L — — » increase the

p x Preference ] likelihood of

higher-reward

Reasoning-driven Reward answers.
response calculation GRPO

fine-tuned LLM




Formal proof assistants: 2nd leg of the Al4dmath revolution

Autoformalization: capability to transform the informal style of human-produced proofs (and outputs of LLMs trained
on them) into bulletproof, machine-verifiable logical derivations, expressed in specialized languages.

Informal Statement: Show that for any real number a, 10a < 28a* + 1.

Informal Proof:
It suffices to show 0 < 28a” — 10a + 1. First, consider completing the square for 28a* — 10a and
observe that (a — %) = a® — 23a+(5/28)*. Since 0 < (a — ﬁ)z we get 0 < a® — 12a+(5/28)°.

Multiplying by 28 and simplifying gives 0 < 28a® — 10a + (25/28). Since 25/28 < 1, the result
follows.

Formal Proof Sketch:

theorem algebra_binomnegdiscrineqg 10alt28asgpl:
fixes a :: real

shows "10 * a < 28 » a"2 + 1"
proof — (* it suffices to show 0 <= 28a"2 - 10a + 1 *) aROCQ

have c0: "0 < 28a"2 - 10a + 1"

proof — (* ocbserve that (a — (5/28))7°2 = a”2 - (10/28)a + (5/28) "2 *)
have cl: "(a - (5/28))°2 = a"2 - 10/28a + (5/28)7°2" < :+- >
(* we get 0 <= a"2 - (10/28)a + (5/28) "2 )
have c2: "0 < a"2 - 10/28a + (5/28)"2" usingcl < :-: >
(* Multiplying by 28 and simplifying gives 0 <= 28a"2 - 10a + (25/28) *)
have c3: "0 < 28a"2 - 10a + 28((5/28)"2)" using c2 < --+ >
have c4: "0 < 28a"2 - 10a + 28((5/28) x(5/28))" using c3 < - -+ >
have c5: "0 < 28a"2 - 10a + (25/28)" usingcd < -:- >
(* Since 25/28 < 1, the result follows. *)
show ?thesis using c5 < ---

qed

show ?thesis < --+ >

ged




Formal proof assistants: 2nd

leg of the Aldmath revolution

Autoformalization: capability to transform the informal style of human-produced proofs (and outputs of LLMs trained
on them) into bulletproof, machine-verifiable logical derivations, expressed in specialized languages.

Informal Proof:

It suffices to show 0 § 28a? — 10a + 1. First, consic

observe that (@ — 5%)” = a® — %a+(5/28)“). Since0 | eanstral: Open_SOurce

Multiplying by 28 and simplifying gives 0 < 28a* —

follows. :
coding

Formal Proof Sketch:

theorem algebra_ binomnegdiscrineqg 10alt28asc
fixes a :: real

R
( Research )
. A7

veleeity.

(*» we get 0 <= a"2 - (10/28)a + (5/28) "2

(* Multiplying by 28 and simplifying giv iakirg the first major step toward that vision.

Informal Statement: Show that for any real number a g sowis «+ Sotons =+ Recreche = Biog ©+  Cients

1

Ertreprise Cortact cammercial  »

First open-source code agent for Lean 4.

foundation for trustworthy vibe-

Mar 18, 2025 Mistral Al
shows "10 * a < 28 » a"2 + 1"
proof — (x it suffices to show 0 <= 28a"2 - aROCQ
}'lave CO : o O S 2 8aA 2 - l Oa + 1 v Al agents have oraven ta be highly capatle tocls at code generation. Yel. as we push these models 1o high-stakes domains,
proof — (* observe that (a - (5/28) ) "2 = a ranging from frontier research mathematice to mission-critical softwars, we snscuntsr a scaling bottlersck: the human Part
have Cl .on (a = (5/28) ) .\2 - aA 2 & 10/28& review. The time and specialized expertise required to manually verify become the primary impedance of enginzsering artager

S AN TN
“«\I‘lj/) I\‘f,/) I\E)

l'lave C2 : n O < a" 2 - 10/28a + (5/28) ,.2 LIS We: enwision a more: helpful gencration of cading agents to bath carry out their lasks and formally prove their implementations
= against strict spacifications. Instead of debugging machirs-generated logic, humans dictate what they want. Teday, we are

repositories

show ?thesis -

ged

@d proolems, Leanstral is designed to be hichly efficient (with 6B active parameters) anc trainad for operating in realistic fcrma

Plus
have c3: "0 < 28a"2 - 10a + 28((5/28) "2
have c4: "0 < 28a"2 - 10a + 28((5/28) = ( Introducing Leanstral Actuaiites
have c5: "0 < 28a"2 - 10a + (25/28)" us T
(* Since 25/28 < 1, the result follows. We rzlease Leanstral, tne first open-source code agent designed for Lean 4. Leand is a proof assistant capable of i
SA o h . . exprassing complax mathematical objacts such as parfactoid spacas and software spacifications lika properies of Rust
show ?thesis usmg CS g fragmerts. Unliks existing proving systems 1hat act as wrappers around 'arge genaralist modsls or focus on gingle math Services 1A




4,2025 Science

AlphaEvolve: A Gemini-powered
coding agent for designing
advanced algorithms

AlphaEvolve team
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Mathematical exploration and discovery at scale

MAth.LA. math CU, math.MG, paper Ad3r ZsoR Waoner, Aphzevalve,
Actifizal Intelligence, Bogdon Georg ev, Zav er Gamez-Serrzno, optimiation | 3 Terense Tao | 3§
ammens

Bogoan Georalev, Javier Gémez-Serrano, Adam Zso t Wagner, and 1 have
uplcaded o the arXiv our paper *Mathematical explorztior and d scovery at
scale”. This ‘s a longer report on the experiments we did in collaboration with
Grog e Dzepmind with their AlpraEvolve too , which is in the procese of teing
made available for broader use. Some of our experiments were already reporte-!
an in a orevious white paper, but the current paper crovides more deteils, as
well 25 2 link te a repository with various relevant data such as the prompts us
and the avolution of the tool oLtputs.

Alphakvolve is a variant of more trad tional cpimizaticn tools that are desicne
Lo extiem ze soms given scors fundicn cver a high-dimensional space of
nossible inpute. A traditional optim zatior algoritkm might evalve one ar meore
tial iInputs over tme by varous methcds, sucn as stochastic gradiant dascent,
that are Intenced te loczte Incrgasingly goad solutions while trying to avold
getting stuck 2t local extrema. By contrast, A pheCvalve does nct evolve the
score ‘unction inputs diractly, but uses an LLM to evolve computer ccde (cften
written In a stardard language such as Python) which vill In turn be run to
genarate the inputs that one tests the score Function on, This reflects the celiel
thatin many cases, the extremizing inputs will not simply be an arbitrary Icoki
string of numbers, bt will ofter have some structure that can be eff cienzly
described, or 2t least approximated, by a relatively short piece of cade, The ta
tien werks with 2 populaticn of relativaly successful such pieces of cade, with
the coce from one gensraticn cf the pi n being and t
tae LLM based on their performance ta poduce the rext gereration The
stochast ¢ nature of t1e LLM can actually work ir ore’s favor in such an
gvclutionzry env ronment: many “hzlludrations” will simply end up being prun
aut of the poal of salutions being evolved due to poor performance, but a smal
number ¢t such mutations can add cnough diversity ta the peol that one can
break out of ‘ocal extrema anc discover new classes of v able solutions. Tha LL
can also accept user-supplied “hints” as part of the context of the prompt; in
some cases, even just usloading PDF: of rolevant litcrature has led ta improve
performance by the tool. Since the initial relezasz of AlphaEvo ve, similar tocls
have been developed by others, including DpenFvolve, ShinkaFuolve and
DeepEvalve.

)

~
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MATHEMATICAL EXPLORATION ANID DISCOVERY AT SCALE

BEOGDAN GEORGIEV, JAVIER GOMEZ-SERRANC, TERENCE TAC. AND ADAM ZSOLT WAGNER

ABSTRACT. Alphatuulse | ]is 2 pemeric evolubiniry codiog agent Uit conbines Use geverative capabiliies ol
11 Ms with avsomated evalaction in o emtie cvolutisnary framework that propascs, tests, and refines ngorithmic
solibivess o clislerging scwnblic sl practcel prosiems. Li Ui g v showeas: AlplieZsels o s wol
=ly di: ing novel mathematiczal constructions and advancing our undertanding of long stending apen

prdhenns,
To demanstrate its brendth, we considered = list of 67 problems spanning methemeticel anclysi mbinatorics,
weomnetry, e nuisber Gaeury, Tl system rediseovered e beat hiowa solutivns i uset of e s wid dscovered

improvesd salitiens in severl. Tn some instances, ATphalvalra is alsa able to genenglize reanlts for a finite number
of mput values into 2 foomuks valid fr ol Goput values. Fustleuoe, we we able o conbin: this sethodubogy
with Naap Think [/~ ] and AphaPreof [ 7] in a hroader femewark where the. sdditionn] proof-assistants and
reasoning systems provide prox jon and further math ical insights.

These msnts semonstrate thet large lanzinae madel grided svolusanary seareh ean ansanamnosly disover mnth
ematical conetructions that complemant human intuition, a timas matching or aven improving tha best krown results,
highhghting the potertial for rew wiys of e between and Al systems. We present

naEvolvo &3 a powarful new ol for mathemartical discovary, capabla of exploring vast szarch spaces 1o sclve
om perhlemsnt seale, ohenwith siamhcantly wdiced reqmrements on preparahion md compitation

WfefIE<EU - FLIS = fle 'l Y

New result distribution

Visuahzation of rasulis across 6/ problems

L. INTRODUCTION

NARY? — DLAIR2 7
ao [ fcaeon ze
w33 da

‘I he landscape of mathematical discovery has been fundamentally transformed by the emergence of computa
tional tools that can ly cxplore mathematical spaecs and gencrate novel constructions [©o, 10, 20,
J. Alphakvolve represents a step in this evolution, demonstrating that large language modzls, when com-

12.850 — 12.689 <« —
et o 8 o s S C.330926 + 0380924
h w x: . New result . Former new result, got improved upen . Worse then litcrature bound
14581 = 1.4557

S @ Matchec krown optimal bound Watched Keritim boimnd / N/ hined with evnlntionary computation and rigorons autamated evaluation, can diseover ex plicit constructions that
- 8esss! TR either match or improve upon the best-known bounds tc long-standing mathematical problems. at largs scales
Anag) = e 2 6340 — 2 6358 L] Ao AR
g o8] o ;
03523 — 0.3621 iy 11446 — 11684 AlphaCvolve is not a general-purposz solver for all types of mathematical problems: it is primarily desizned to
dilack problems in which a key objective is (0 construct a complex matliematical object Uil satislies goud yuan
Analysis Geometry Combinatorics P Y e » e Ruey

irXiv:2511.02864v 1

titative properties. such as obeying a certain inequality with a good numerical constant. In this paper. we report
on our experiments testing the performance of ALphakvelve on & wide variety of such problems, primarily in
rhe arcas of analysis, combingrorics, and geomerry. In many cases, the constrctions pravided by A1phaFvolve
were not merely numerical in natre, but can be interpreted and generalized by human mathematicians, by other
towrls such as Daep Thiok, und cven hy Al phaRuolve itsel. AlphaFuolve was nol able (o mald
previous results in all cases, and some of the individual improvements it was able to achieve could likely zlso have
been malched by more traditional coisputaiional or theoretical methods perfonmed by huran experts. However,
in contrast o such methods, we have found that A1phaFvolve can be readily scalad up to study lzarge classes of
problems at a time, without requiring extensive @xpert supervision for each new problem. ‘This demonstrates that
evolutionary compntational approaches can systemarically explore the space of marthematical ohjecis in ways that
complement traditional technigues, thus helping answer questions about the relationship betwzzn computational
search and muthomatical exisionee proals,

<

h or exceal

We have also sean that in many cases, besidis the scaling, in order to get M phaRvolve o auipet conprrahle
results to the literature and in contrast to traditional ways of doing mathemancs very little overhead is needed:
onaverage the usual preparation time for the setup of a problem using Alphakvelve took only up to a few hours.
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Abstract
Horo we provide our solutions o the First Proof questions. We also discuss the
Lul, prspuoss fron publicly availalie Al systens e o Ub: 4o wbtati i cur
experiments prior 1o the release of the problems cn Febeuary 2. We hope this

discnssicn will help readere with the relevant domaln expertiee to seseee gach responses.

Expert Problems
Evaluation Solved
(Best-of-2)

FirstProof # 8

A polyhedral Lagrangian surface K in R? is a finite polyhedral complex all of whose
faces are Lagrangians, and which is a topological submanifold of R*. A Lagrangian
smoothing of K is a Hamiltonian isotopy K, of smooth Lagrangian submanifolds,
parameterised by (0, 1], extending to a topological isotopy, parametrised by [0, 1],
with endpoint K, = K.

Let K be a polyhedral Lagrangian surface with the property that exactly 4 faces meet
at every vertex. Does K necessarily have a Lagrangian smoothing?

Model Response (Agent A)

Let K C R* be a polyhedral Lagrangian surface. By definition, K is a finite poly-
hedral complex all of whose faces are Lagrangian, and which forms a topological
submanifold of R*. A Lagrangian smoothing of K is a Hamiltonian isotopy K; of
smooth Lagrangian submanifolds, parameterised by ¢ € (0, 1], that extends to a con-
tinuous topological isotopy for £ € [0, 1] such that K, = K.

The local combinatorial structure of K strongly restricts its symplectic geometry. In
this paper, we investigate the specific setting where exactly 4 faces meet at every
vertex.

Theorem 1. Every 4-valent polyhedral Lagrangian surface K C R* admits a La-
grangian smoothing.

1 Local Symplectic Factorization at the Vertices

Let v € K be an arbitrary vertex. Without loss of generality, we translate v to the
origin of RY. The local tangent space of K at v consists of exactly 4 flat planar sectors
bounded by 4 cyclically ordered outgoing rays e;, €3, es, e4. The 4 incident faces are
the strictly positive planar cones F; = spansg(e;,e;41) for i = 1,...,4 (with indices
taken modulo 4). Let P; = span(e;, e;+1) denote the full linear span of each face.
Because K is a Lagrangian surface, the standard symplectic form w inherently eval-
uates to zero on each face, imposing strict cyclic orthogonality on the generating
rays:

w(er,e2) = wlez,e3) = w(es,eq) = w(eq,e1) =0. (1)

Before analyzing the general configuration, we must account for the possibility that
the linear spans of adjacent faces coincide. If, for instance, Py = P5, the faces F}
and F, are coplanar. In this setting, their intersection is a 2-dimensional plane rather
than a 1-dimensional line, and the faces can form adjacent, non-overlapping sectors.

If this occurs, the local geometry of K at v is either entirely flat or reducible to a
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A polyhedral Lagrangian surface K in R? is a finite polyhedral complex all of whose
faces are Lagrangians, and which is a topological submanifold of R*. A Lagrangian
smoothing of K is a Hamiltonian isotopy K, of smooth Lagrangian submanifolds,
parameterised by (0, 1], extending to a topological isotopy, parametrised by [0, 1],
with endpoint K, = K.

Let K be a polyhedral Lagrangian surface with the property that exactly 4 faces meet
at every vertex. Does K necessarily have a Lagrangian smoothing?

Model Response (Agent A)

Let K C R* be a polyhedral Lagrangian surface. By definition, K is a finite poly-
hedral complex all of whose faces are Lagrangian, and which forms a topological
submanifold of R*. A Lagrangian smoothing of K is a Hamiltonian isotopy K; of
smooth Lagrangian submanifolds, parameterised by ¢ € (0, 1], that extends to a con-
tinuous topological isotopy for £ € [0, 1] such that K, = K.

The local combinatorial structure of K strongly restricts its symplectic geometry. In
this paper, we investigate the specific setting where exactly 4 faces meet at every
vertex.

Theorem 1. Every 4-valent polyhedral Lagrangian surface K C R* admits a La-
grangian smoothing.

1 Local Symplectic Factorization at the Vertices

Let v € K be an arbitrary vertex. Without loss of generality, we translate v to the
origin of RY. The local tangent space of K at v consists of exactly 4 flat planar sectors
bounded by 4 cyclically ordered outgoing rays e, €s,e3,e4. The 4 incident faces are
the strictly positive planar cones F; = spansg(e;,e;41) for ¢ = 1,...,4 (with indices
taken modulo 4). Let P; = span(e;, e;.1) denote the full linear span of each face.
Because K is a Lagrangian surface, the standard symplectic form w inherently eval-
uates to zero on each face, imposing strict cyclic orthogonality on the generating
rays:

w(er,e2) = wlez,e3) = w(es,eq) = w(eq,e1) =0. (1)

Before analyzing the general configuration, we must account for the possibility that
the linear spans of adjacent faces coincide. If, for instance, Py = P5, the faces F}
and F, are coplanar. In this setting, their intersection is a 2-dimensional plane rather
than a 1-dimensional line, and the faces can form adjacent, non-overlapping sectors.

If this occurs, the local geometry of K at v is either entirely flat or reducible to a
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“Understanding isjust a
wonderful feeling when you' ve
been thinking long and hard
about something complex,
difficult, and then—all of a
sudden—it just comes
together.”

We need to remember our
strengths: mathematicians
are problem solvers and
theory builders
extraordinaire. Rather
than fight the use of Al in
mathematics, we should
own it. It is not enough to
keep up with current events
and design benchmarks for
Al researchers; we need to
play an active role in
deploying the technology
and molding it to our
purposes.
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“Mathematics (and science) is

more than finding answers. The
struggle to understand a problem

Isone of the greatest rewards”

Mathematicians in the Age of Al*

Jeremy Avigad

March 3, 2026

Ahstract
Recent developments show that AT can prove research-level theorems in mathematics. hoth
formally and informally. This essay urges mathematicians to stay up-to-date with the technology.
to consider the ways it will disrupt mathematical practice, and to respond appropriately to the
challenges and opportunitics we now face.

1 Background

This past year was not an easy one for the LS. National Science Foundation. but last fall it managed
to launch the Institute for Computer-Aided Reasoning in Mathematics (ICARM), even while facing
serious budgetary constraints. The institute’s mission is (o support the adoption ol new reasoning
lechnologics in mathematics, many of them involving neural and symbolic AL As divector, 1 have
given several variants of a talk tided “Mathemalics in the Age of AL" in which [ survey the new

technologics, including formalization and proof assistants, symholic Al and automated reasoning,

and machine learning and neural networks. These wechnologies are distinel. but they overluap and
interact in interesting ways.

To date, carly adoplers ol Tormal methods have contribuled Lo a Tormal library Tor mathematics,
Mathlih, and several collaborative projects have used it to verify contemporary mathematical results,

cven helore or in the absence ol the usual peer review process. Automaled reasoning Lools such
as SAT solvers have solved open problems in comhinatarics, algebra, number theory. and diserete
geomelry, Machine learning techniques have been used (o detect patterns in and relalionships

between computational data, leading to the discovery of new results verified by conventional proofs.

They have ulso been used (o [ind combinatorial objects of Interest, including counlerexamples o
conjectures, Neural networks are also used fo compute solutions to PDEs, identify phenomena
ol interest, and search l[or parameler setlings that give rise 10 such phenomena. Although the
technologies are still niche and have seen only a handful of notable successes, the advances make it
clear that they are bound to have a signilicant impact on the subject.

The fall of the theorem economy

How Al could destroy mathematics and barely touch it

£  DAVID BESSIS

@ APR 21, 202¢

Q 653 O 101 & 129 Share
“The product of mathematics is clarity and understanding. Not theorems, by themselves.”

—Bill Thurston
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canonizing Al proofs.
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What matters most? Answers
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Al taking on tasksthat are currently
the preserve of humans. Human
mathematicians could become
“prieststooracles’: curating and
canonizing Al proofs.
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Mathematics as a human endeavor
independent of Al cor por ates.
Prioritize human under standing.
Treat Al asatool, much likea
calculator, or not used at all.

Al asan oracle Al asatool

Autonomous researcher Assistant or not used at all

Answers Human understanding

Collaborative teamwor k camp
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An eraof “Big Mathematics (and
science),” where humans and machines
work together on complex problemsthat
neither could solve alone.

Al asapartner

Collaborator

Verifiable Shared discovery



- DanRoberts @
@danintheory
We've updated our GitHub math repo with 6 new Lean formalizations, 19
modifications, and 3 withdrawals. The repo now has ~42% top-line results

formalized. We will continue to update the repo with new formalizations and with
any errata we notice.

OpenAl withdraws three
preprints a day after releasing
722 manuscripts on unsolved
math problems

Withdrawal notice: Algebraicity of Withdrawal notice: The rational
Kuga-Satake Correspondences for K3 Hodge conjecture for products of K3
Surfaces L i curfacac

Withdrawal notice: Algebraicity of

Weil classes on split abelian eightfolds g

Archived manuscript

REpositary reasoT s1c7112410426322364518540h

The risks of Al In mathematics and science

r/Collatz - 2mo ago
u/dmishin

Collatz Conjecture *was* false. For 2.5 days in July 2026

THE COLLATZ [&

CONJECTURE RGOS
WASFALSE, ("&®

* July 25, 2026: a machine-checked Lean proof asserting that the Collatz conjecture was
false.

* Abug in Lean: the proof did not solve or disprove the Collatz conjecture. It bypassed the
normal type-checking rules and allowed Lean to prove False with no axioms.

* The fake disproof was accepted as valid for ~2.5 days before Lean developers identified
and patched the issue.

Only a fraction of the manuscripts were lean verified. On Oct. 7,
OpenAl announced the withdrawal of three manuscripts because of a
sign error invalidating several results.
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Research misconduct: IP, honest credit, integrity, ethics, what scientific
discovery/result, authorship, collaboration, and intelligence now mean ?
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Values alignment: the goals of major Al corporations may not always align
with the aims of scientific research.
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Article Published: 14 January 2026
Artificialintelligence tools expand scientists’ impact

but contract science’s focus

Qianyue Hao, Fengli Xu &3, Yong Li &3 & James Evans &

Nature 649, 1237-1243 (2026) | Cite this article

Un mathématicien accuse

OpenAI d’avoir tenté de lui voler
sa découverte sur un probleme a
un million de dollars

Equal opportunities and access to Al tools: if the slow, deliberative research
process is no longer valued by society and research funders, then research
could become an elitist activity, only practiced by organizations that can afford
proprietary Al models.

Research misconduct: IP, honest credit, integrity, ethics, what scientific
discovery/result, authorship, collaboration, and intelligence now mean ?

Motivation: jump straight to answers, skip the struggle, miss an opportunity to
build the foundations and the next generation may suffer from intellectual
atrophy.

Values alignment: the goals of major Al corporations may not always align
with the aims of scientific research.

Future role of researchers and students: science understanding vs solving,
verification burdens on the broader community, amplify unhealthy incentives
around Al-generated results.
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NEWS 27 November 2025 Correction 01 December 2025

Major Al conference flooded with
peer reviews written fully by Al

Controversy has erupted after 21% of manuscript reviews for aninternational Al

conference were found to be generated by artificial intelligence.
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Equal opportunities and access to Al tools: if the slow, deliberative research
process is no longer valued by society and research funders, then research
could become an elitist activity, only practiced by organizations that can afford
proprietary Al models.

Research misconduct: IP, honest credit, integrity, ethics, what scientific
discovery/result, authorship, collaboration, and intelligence now mean ?

Motivation: jump straight to answers, skip the struggle, miss an opportunity to
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Deluge of publications and peer review: mass production could destroy fertile
ground instead of breathing life into new ideas.
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Abstract

A purported “AT Singularity™ has been much in the public eye recently, especially since the release
of ChatCPT last November, spawning zocial media “Al Brealdthrough” threads promoting Large
Language Model {LLM) achievements. Alongside this, mass media and US national political
attention foensed om “AT Doom” narratives hawked hy social media infinenerrs; some were invited
to tell US congresspersons about the coming “End Times” The European Commission is now
announcing mitiatives to forestall *Al Extinction”.

In my opinion, “Al Singularity” is the wrong narrative for what's happening now; the remark-
ahle recent happenings signal something else entirely.
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2 Something fundamental to computation-based research really has changed in the last ten
v

years. In certain fields, progress is simply dramatically more rapid than previously. Researchers
in affected fields are living through a period of profound transformation, as the fields undergo a

" transition to frictionless reproducibility (FR). This transition markedly changes the rate of spread
E of ideas and practices, affects mindsets, and erases memories of much that came before.
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A Severe Misalignment
of Alin Mathematics

The Association for Human Mathematics (AHM)

https://www.ahmath.org/

The Association for Human Mathematics (AHM) protects mathematics as @ human endeavor against the threat of
artificial intelligence. We work to maintain the independence of the mathematical community from the
encroachment of corporate interest. In light of the grave societal, environmental, and economic impacts of the Al
industry and the threct of unfettered Al growth, we strive not to be complicit.
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Leiden Declaration on

Artificial Intelligence and
Mathematics

This declaration calls for action to address the challenges posed by the use of artificial
intelligence within mathematics research. It is the rc

endorsed by the International Mathematical Union {IMU)

t of a community initiative and is
Sign this Declaration Read Declaration | | Download Declaration Endorsements View signatories P

Share the declaration
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