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Abstract. Between April and August 2026, general-purpose large language
models (LLMs) settled a number of long-standing open problems, including the
Erdés unit distance conjecture, the cycle double cover conjecture, the Jacobian
conjecture, the Crouzeix conjecture, and the existence of non-sofic groups,
in many cases with proofs formally verified in Lean. This extended abstract
surveys these results, describes the shift from classical automated theorem
proving to reasoning models and agentic workflows that made them possible,
and presents a first-hand case study: an Al-assisted research program on the
Dinitz—Garg—Goemans conjecture on cost-preserving single-source unsplittable
flows, which produced three preprints in three weeks after the conjecture
had been refuted by a model-generated counterexample. We conclude with a
discussion of the community’s reactions, from the Leiden Declaration to the
proposals of Tao and Gowers to redirect human effort towards “proof digestion”,
and of the questions these developments raise about what a mathematical
result is and whom it belongs to.

Introduction

The relationship between mathematics and automated reasoning has long been
somewhat paradoxical. Since Frege, Hilbert, Godel, and Gentzen it has been
understood how to formalize essentially all of the mathematics practitioners care
about, and since Robinson’s resolution principle [1] it has been known how to search
for proofs mechanically. Yet six decades of automated theorem proving produced
remarkably few results that a working mathematician would call interesting; the
standard example remains the Robbins conjecture on Boolean algebras, proved in
1996 by McCune’s prover EQP after eight days of search [2].

The current breakthrough has arrived from the opposite direction: unlike
provers that search a formal space, language models are trained on the written record
of human mathematics and subsequently taught to reason in natural language.
This note has three goals. First, we will survey the results of spring and summer
of 2026, when publicly available LLMs began to settle problems that had been
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open for decades (Sections 1-2). Second, we present a first-hand case study, the
author’s Al-assisted work on the Dinitz—Garg-Goemans conjecture in network
flows (Section 3). Third, we review the reactions of the mathematical community
and some questions they raise (Sections 4-5). We restrict attention to models
that any mathematician can use through a subscription or an API, and do not
consider bespoke systems such as AlphaEvolve that require computational resources
unavailable outside a few companies.

1. From proof search to reasoning models

Two developments separate the models of 2026 from GPT-4. The first is reasoning:
starting with chain-of-thought prompting [3|, and then with reinforcement learning
on verifiable answers in OpenAT’s 0ol and DeepSeek-R1 [4], models were trained
to spend a long time thinking (writing on a scratchpad) before answering. The
second is agentic scaffolding: tools such as Claude Code or Codex do not change
the model at all, but provide harnesses that let the model work autonomously for
hours, write and run code, test hypotheses, and check their own outputs. By July
2025, three systems had reached gold-medal level at the International Mathematical
Olympiad [5].

The first controlled experiments with new theorems date from autumn 2025.
Diez, da Maia, and Nourdin [6] asked GPT-5 to upgrade a qualitative fourth moment
theorem in the Malliavin—Stein framework to a quantitative one; the model produced
a correct theorem after two rounds of corrections, then proposed and proved a
Poisson version; still, the authors described the model as “an executor” responding
to prompts. The “Godel test” of Feldman and Karbasi [7] posed five easy open
conjectures in combinatorial optimization; GPT-5 solved three, with minor flaws
and somewhat inelegant proofs. In February 2026, Knuth [8] reported that Claude
Opus 4.6 had solved, in about an hour, a problem on Hamiltonian decompositions of
directed Cayley graphs that he had attacked for weeks. In the spring, Al-generated
solutions began to accumulate in the Erdds problems database [9], and Tao started
a page listing them [10]; many early entries were literature findings rather than
new proofs, and the goalposts were moved accordingly.

2. The takeoff: April-August 2026

Unit distances. Let v(n) be the maximum number of unit distances among n points
in the plane. The square lattice, together with the fact that primes p =1 (mod 4)
split in the Gaussian integers, gives Erdss’s bound v(n) > nl+e/1o8logn [11], which
he conjectured to be sharp up to the constant; the best upper bound, O(n4/3) [12],
has stood since 1984. In April 2026, GPT-5.4 Pro, prompted by a user with no
advanced mathematical training, produced explicit point sets with v(n) > n'*?
for a fixed § > 0; the argument was checked, corrected, and written up by Tao,
Lichtman, and Alexeev, and released by OpenAl in May [13, 14], after which Sawin
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made the exponent explicit, about 1.014 [15]. Gowers wrote that, had a human
submitted the argument to the Annals, he would have recommended acceptance
without hesitation [14].

Cycle double cover. The conjecture that every bridgeless graph admits a family
of cycles covering each edge exactly twice was posed in the 1970s [16, 17] and
remained open for snarks. On July 10, OpenAl released a complete proof produced
by its model GPT-5.6 Sol Ultra [18], with an independent exposition by Oum
following within a week [19]; the argument is elementary, reducing the problem via
a new construction of edge colourings to a statement of linear algebra.

The Jacobian conjecture. Keller’s question of 1939 [20] asks whether a polynomial
map F': C" — C™ with constant nonzero Jacobian determinant must be invertible.
On July 20, Levent Alpoge, a mathematician working at Anthropic, announced [21]
that Claude Fable 5 had found a counterexample for n = 3: three explicit polyno-
mials in z,y, z with Jacobian determinant —2 that map three distinct points to
the same point (see [22] for a discussion). This made a lot of noise: verification
takes minutes, but the model used was an internal one and the prompts were not
released.

Astra and the flood. On August 1, OpenAl announced ten results obtained by
an internal model code-named Astra [23], among them an explicit non-sofic group,
improved upper bounds for sphere packings in high dimensions, a disproof of Connes’
rigidity conjecture, superpolynomial arithmetic circuit lower bounds, and Ehrhart’s
volume conjecture, each accompanied by a complete Lean formalization. Results also
arrived from unexpected directions. The Crouzeix conjecture in operator theory [24]
was proved with ChatGPT 5.6 by Jin, a neurosurgery resident [25]; Townsend
and Greenbaum [26] confirmed the argument, and Lorist and Schwenninger [27]
gave a different short Al-assisted proof. On August 10, Anthropic announced a
Lean-verified proof, found autonomously by Claude and written up by Alp&ge and
Furman, that more than two thirds of the zeros of the Riemann zeta function are
simple and lie on the critical line [29, 28], improving the long-standing record of
5/12 [31, 32]; Maynard commented that the problem needed a genuinely new idea,
which this result seems to provide [30]. There is no reason to expect this progress
to stop: the true difficulty of the problems that remain open is unknown.

3. A case study: the Dinitz—Garg—Goemans conjecture

The results above were obtained mostly by companies or individuals with early
access to frontier models. This section describes a smaller project carried out
by the author with publicly available models over three weeks in July—August
2026; full details are given in three preprints [33, 34, 35], a code repository with
exact-arithmetic certificates [36], and two expository posts [37, 3§].

The problem. In the single-source unsplittable flow problem [39], a directed graph
G = (V, A) has a source s and terminals ¢1,...,t; with demands dy, ..., dy; each
arc a carries a per-unit cost ¢,. A fractional flow x may split each demand among
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r =10, ¢ =2

r =10, c =2

FIGURE 1. The counterexample found by Rybin and GPT-5.6 Pro:
demands dy = 15, do = 10, d3 = 15; blue arcs are free, red arcs
cost ¢ per unit. The shown flow z costs 58, but every unsplittable
flow with y, < x, + D must use > 2 paid routes and costs > 60.

several s—t; paths; an unsplittable flow y must route each demand along a single
path. Let D = max; d;.

Theorem 1 (Dinitz, Garg, Goemans [40]). For every feasible fractional flow x there
exists an unsplittable flow y, computable in polynomial time, with y, < x, + D for
every arc a.

Conjecture 2 (Goemans, 1999). The flow y can be chosen with Y, caYa < Y-, Caq.

The conjecture was proved for demands forming a divisibility chain [41], extended
in [42], established with the doubled slack 2D for planar graphs [43], and proved
for series-parallel graphs in June 2026 [45]; a paper of October 2025 still called it
“a famous conjecture” and noted that even weakened variants were open [44].
The counterexample. On July 22, 2026, Rybin posted a four-prompt transcript
where GPT-5.6 Pro, after three rounds of “I have not found a complete coun-
terexample” and a final instruction to stop reporting partial results, produced the
instance of Figure 1 [46]. Its mechanism is a triangle of conflicts: each terminal has
an expensive direct route and a free detour, any two free detours together overload
a shared arc beyond x, + D, while the fractional flow uses the three detours with
fractions % + % + % = % > 1, which no unsplittable flow can imitate. Verification
is simple and exhaustive since an unsplittable flow here is just a choice of one of
two paths per terminal; the counterexample has been formalized in Isabelle [47].
The relaxed constant. Once the conjecture is false, the natural question is the
smallest C' such that a cost-preserving unsplittable flow with y, < z, + C - D
always exists. Rybin’s instance gives C > 16/15, and the first result of the project
was a proof that the triangle mechanism cannot give more than 9/8. Everything
beyond that came from a family we call two-path instances: a free directed spine
with terminals attached by an early paid exit and a late free exit, so that an
instance is encoded by a system of intervals on the spine together with demands
and the fractional split. Within this family the project obtained a planar four-
terminal instance with C' > (299 — 41v/41)/32 ~ 1.1397 [33], a seventeen-terminal
instance with C' > 1.28249 [34] (Figure 2), improved by a community pull request
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FIGURE 2. The record instance from [34]: 34 spine vertices, 17
terminals, 67 arcs. Each terminal ¢ is drawn at its left endpoint;
red arcs are early (paid) exits, blue arcs are late (free) exits; the
two paths s — t; differ by an interval of spine arcs, and all 17
intervals pass through the shaded common arc e*.
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FIGURE 3. Lower bounds (record instances, circles) and proven
exact local constants E(m) (squares) as functions of the maximum
arity m of an arc in two-path instances.

from Alfredo De la Fuente to 1.28260, and a planar six-terminal instance with
Chlanar > 1.17353, to be compared with the upper bound 2 of [43].

The third preprint [35] develops the theory behind these numbers. Its starting
point is an idea already present in the literature: represent the fractional flow
as a convex combination, an exact mean, of unsplittable flows lying in a “box”
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around x. We prove that for every class of instances closed under arc deletion,
the optimal cost-preserving constant times D equals the minimal radius of such a
box, so that costs disappear from the problem and only geometry remains. This
yields results in two directions. On the arithmetic side, a factorization principle
generalizes Skutella’s divisibility-chain theorem, and a merger reduction shows that
a finite universal constant exists if and only if the window constant K*, defined over
instances whose demands all lie in an interval [n, 2n], is finite, with K* € [C,2C].
On the structural side, for two-path instances the difference matrix of the two
routes is a network matrix, hence totally unimodular, and the key parameter is
the arity of an arc, the number of terminals whose switch affects it. We prove
E(2)=1, E(3) =9/8 and E(4) = (299 — 411/41)/32 for the exact local constants
(Figure 3), so that the record instances of the first two preprints are optimal for
their local interaction pattern, and, using Property B of hypergraphs [48] together
with the classical [3A/2] bound for colouring paths of load A in a tree [49, 50|,
that arity at most three forces radius at most 2D. Whether a finite universal C
exists remains open; the two-path record ladder appears to converge to 4/3, and
the planar constant lies in [1.1735, 2].

How the work unfolded. This was an iterative collaboration with a division of
labour. GPT-5.6 Sol ran experimental “campaigns”™ searching for instances, testing
conjectures numerically, and producing certificates in a prescribed format. Claude
Fable 5 and Claude Opus 5 handled theory, verification, and writing: they checked
every campaign, proved what could be proved, and drafted the text. There were
about eight such cycles of campaign, verification, theory, and a new brief. The
models proposed most of the key ideas; the author chose directions, closed dead
ends, and personally checked and rewrote the proofs. Errors were frequent: incorrect
identities, elegant theorems refuted by the next campaign, plausible proofs with
gaps... but almost all of them were caught by cross-checking one model against
another, and after all models agreed the author found no further errors. The whole
project fit into ordinary subscriptions costing a few hundred dollars. The outcome
is not a solved conjecture but, by my personal conservative estimate, the equivalent
of a solid PhD thesis produced in three weeks of part-time work.

4. Reactions

The site vibemathed. com [51] now tracks Al-solved problems by verification level,
from machine-checked down to unreviewed and contested.

The Leiden Declaration on Al and Mathematics [52], published on June 2,
2026 and endorsed by the IMU, formulates the values of mathematical research:
proof is central; results have authors who receive credit and bear responsibility;
proofs are transparent and independently verifiable; results should actually be
checked; and understanding within the community matters as much as the result
itself. Tao’s ICM 2026 lecture [53] argues that a correct proof is not the end of
mathematical cognition, and that after generation come verification, exposition,
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publication, and canonicalization; he proposes to shift human effort from generating
proofs and racing for priority to proof digestion. Gowers [54] declined to sign the
Declaration, objecting to the axiom of human authorship (who proved the unit
distance theorem?), but shares the concern about mathematical culture: if a
pandemic wiped out all mathematicians and nobody else, the literature would
remain but nobody would know what to do with it. Hairer’s post on the collective
blog Proofs and Prompts [55] gives practical rules: be far more suspicious of Al
proofs than of human ones, disclose the role of Al fully, look for primary sources,
and never paste model output into a paper.

The often-made comparisons with chess are, in my opinion, misleading: chess
is a competition between people, and olympiads will likewise survive the fact that
several frontier models solved all six problems of IMO 2026 [56]. Research has
a goal outside the competition, and a hypothetical science of chess would have
had no place for humans for twenty years. The most radical reaction came from
Tsimerman, who announced right after receiving the Fields Medal that he was
moving to Al safety [57, 58], a field that badly needs mathematicians.

5. Discussion

What is a result? Tao and Gowers suggest that humans will move to digestion and
explanation. This is reasonable, but it is unclear whether mathematicians will want
to do this, and why models will not do it better; Tao himself asks whether we could
end up with a verified proof of a major result that no human understands well
enough to explain.

Whose result is it? The Declaration affirms the humanity of authorship;
Gowers notes that the unit distance solution has not been credited to any human
and should not be. Tao suggests that priority should go to whoever first explains a
result rather than to whoever generates it. For a counterexample to the Jacobian
conjecture, however, there is little to explain, and the case study above shows that
the boundary between the model’s ideas and the author’s is genuinely blurred even
when the author rewrites every proof.

Whom do mathematicians work for? Thurston [60] wrote that mathematicians
find ways for people to understand and think about mathematics; Scholze said in
2026 that the goal of research is human understanding [59]. If so, LLMs are tools
on the way to that goal. But mathematics is also a science of verifiable results that
build on other results, and a theorem nobody understands can still be used.

Conclusion

I would like to conclude with a quote from Bertrand Russell’s Autobiography:

There was a footpath leading across the fields to New Southgate, and
I used to go there alone to watch the sunset and contemplate suicide.
I did not, however, commit suicide because I wished to know more of
mathematics.

Let us hope that whatever happens at the frontier, mathematics will never lose
this function.
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P.S. The Navier—Stokes problem

I finished this text on September 7, 2026, and right the next day news came
that I could not leave out: OpenAl announced a solution of the Navier—Stokes
Millennium Prize problem [61], the second to fall after Perelman’s. In Fefferman’s
formulation [63] the question is whether a smooth flow can develop infinite velocity
in finite time, either on its own (statements A and B) or under a suitable external
force (statements C and D). OpenAI’s model proved C and D, and in a companion
result, less acclaimed but arguably deeper, found finite-time blow-up for the Euler
equations with no force at all, from smooth compactly supported data.

After a decade of progress, from the non-uniqueness of weak solutions [65] to
Euler singularities for C1® data [66] and computer-assisted blow-up with bound-
ary [67], the mechanism that finished the problem grows out of a program of
Cordoba and Martinez-Zoroa [68, 69, 70]: substitute a velocity field into the equa-
tion and call the residual the force; the difficulty is to make diverging terms cancel
while the field blows up. Buckmaster and Alpége, working for a year with Claude
and Codex, obtained a smooth force for the Euler, Boussinesq, and porous-medium
equations [71]. On September 1, OpenAl heard a rumour that a Millennium problem
had been solved and launched about 10,000 agents of a model stronger than Astra
on all of them; some 2.7M messages and 130B tokens later, the Navier—Stokes proof
was found in 88 hours, plus 17 hours of Lean checking [62].

A controversy followed [73]: Buckmaster reported [72] an offer from OpenAl
to let him write up the solution on condition that Alpdge, an Anthropic employee,
be left out; Bubeck denies the condition [74], and my reading is that it was a
miscommunication clarified on the same day. OpenAl also “could not rule out” that
Buckmaster’s Codex sessions entered its training data [75], a lawyer’s phrase that
the internet read as a confession. Neither priority is disputed: Buckmaster and
Alpdge have theirs on Euler, OpenAl on the last step. Fefferman called Cérdoba
and Martinez-Zoroa the main heroes [76], and prize rules let the Institute include
authors of prior important ideas, which will hopefully happen in this case.

On September 11, twenty-five Fields medalists, among them Deligne, Smirnov,
and Tao, published a short letter, A severe misalignment of AI in mathematics [77].
Its premises are that mathematics is about the road to a result, and machine-written
proofs are far from a textbook presentation. While I agree completely, I do not
see how the conclusion follows: a hard-to-understand proof may or may not help
the search for a textbook presentation, but it cannot make that search harder.
There is a missing premise here, presumably that people will lose motivation to
understand results once they do not actually obtain them, which I think is the
actually interesting and, I believe, controversial claim.

For me, the most interesting point in the whole affair is OpenATI’s plot showing
the model that found the solution to be far ahead of Astra, which had itself settled
many important open problems a month earlier. Mathematical ability in LLMs is
becoming (if not already) superhuman, and it looks like human level was never
going to be an important threshold, let alone an asymptote. If in mathematics,
then in AT research (it is math + programming + data processing); and if in Al
research, then everywhere. So it goes.
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