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Abstract

The practice of mathematics is undergoing its most significant transformation since the
invention of symbolic notation. This paper presents a historical and philosophical analysis of a
concrete institutional roadmap for preserving mathematical autonomy in an age of automated
research.

1 Introduction: The Paradigm Shift

As we move further into the 21st century, the mathematical community is confronting a paradigm
shift: the integration of Artificial Intelligence (AI) into the very engine of research. This develop-
ment does not merely accelerate computation; it fundamentally challenges the traditional definition
of mathematical proof, the role of human intuition, and the discipline’s ethical foundations. This
paper continues an analysis initiated in the article [10] and draws on the guidelines of the Leiden
Declaration [24] to illustrate the critical intersection between the evolution of mathematical rigor
and the urgent need to maintain professional standards.

2 The Evolving Nature of Proof

The history of mathematics is a trajectory of shifting definitions regarding what constitutes a valid
proof. Proofs are analyzed at three levels: syntactic, semantic, and pragmatic. As documented
in [10], mathematics has traversed eight distinct stages, evolving from the Babylonian era of intu-
ition and observation to the Greek discovery of deductive geometry. For centuries, the “Fuclidean
ideal” step-by-step, deductive, and fully verifiable proof served as the gold standard of rigor [10],
and in all this time, mathematical proofs required only reason.

In the last quarter of the 20th century, mathematical proofs started to use another way to
acquire knowledge, the experiment. The paradigm shift led to a crisis of scale and nature that
began in the 20th century and intensified in the 21st century. The Leiden Declaration notes that
technological developments have initiated a significant chapter in this history [24]. The “algorithmic
turn precipitated this shift,” most notably the 1976 proof of the Four-Color Theorem [3], which
marked the reconciliation of empirical-experimental mathematics with deductive mathematics. The
result, a computer-assisted proof, was a “hybrid proof” that a human could not realistically read
or verify in its entirety [10].



3 Syntactic Rigor vs. Semantic Meaning

The slogan “more rigor, less meaning,” or conversely “less rigor, more meaning,” defines the core
tension in contemporary mathematical philosophy [10]. As René Thom famously argued,

“If one must choose between rigor and meaning, I shall unhesitatingly choose the latter.”
[29].

This choice highlights a critical divide between the syntactic dimension of the manipulation of sym-
bols and formal logic and the semantic dimension, which concerns the “conceptual understanding”
of why a result holds [10].

The critique of “Oracles” is central to this concern. As P. Halmos lamented more than 40 years
ago in response to computer-assisted proofs,

The present proof relies in effect on an Oracle, and I say down with Oracles! They are
not mathematics! [20].

Halmos’s objection is foundational: a mathematical proof should be a human-readable argument
that imparts understanding [20,21]. In the AT era, the machine has become the ultimate Oracle.
When a Large Language Model or a proof assistant generates a solution, it provides an objective
argument without the human-centric narrative that characterizes a “good” proof. We are taking the
machine’s word for it, a practice that contradicts the historical standard of independent, human-
verifiable scrutiny [10,23]. If we accept the output of an algorithm as a proof, we are no longer
practicing the “art of understanding” that has defined the discipline since the Greeks; we are
engaging in intellectual black-boxism [10, 30].

4 Threats to the Mathematical Commons

While the philosophical debate is intellectually stimulating, the Leiden Declaration warns that the
speed of Al development poses immediate threats [24].

Automated techniques can produce plausible but unreliable arguments that mimic correct proofs
[24]. The danger is that AI makes mistakes that are difficult to distinguish from correct reasoning,
placing the traditional peer-review system under unsustainable pressure [24].

Mathematics relies on a “published commons” [24]. Current Al models are trained by scraping
this commons without providing proper attribution to the human works they synthesize [24]. This
undermines the merit-based system of intellectual credit established in the mathematical community
[10,24] and, more generally, in science.

The rise of Al creates a perverse incentive structure where research is incentivized for its own
sake rather than for the significance of the problems addressed [24]. Furthermore, mounting bud-
getary pressure forces departments to rely on computational resources from private technology
firms, shifting the research agenda toward problems useful to corporate sponsors [22,24]. This loss
of autonomy threatens the scope and depth of mathematical research itself [24].

5 Implementing the Leiden Declaration: A Roadmap for Reform

To reconcile the rise of AI with mathematical values, we propose the following institutional roadmap

based on the Leiden Declaration [24] and the UNESCO Recommendation on Open Science [27].
Universities must construct localized, open-access computing environments to mitigate “Com-

mercial Capture.” This requires pooling resources across departments, mathematics, physics, and



computer science to achieve economies of scale [24,25]. Administration must view computing as a
core utility, not a commoditized service subject to vendor lock-in [24].

We must decouple “research productivity” from the volume of machine-generated output [24].
Tenure and promotion committees should adopt frameworks that value the documentation of proofs,
the effort devoted to independent verification, and the creation of pedagogical resources over H-
indices or citation counts [17,19].

Institutions must adopt a standardized “Tool and Computational Resource Disclosure” (TCRD)
section in all research papers [24]. Much like “Conflict of Interest” statements, this must be a
mandatory requirement for graduation and for research output, ensuring Al use is never obscured
[24,28].

6 The Navier-Stokes Millennium Prize Problem

In May 2000, the Clay Mathematics Institute of Cambridge, Massachusetts, established seven Prize
Problems considered the most difficult problems that mathematicians were grappling with at the
turn of the second millennium. The Navier-Stokes equations use Newton’s second law of motion to
describe how fluids move. The model treats a fluid as a continuous medium rather than tracking
individual molecules. These equations are used for aircraft design, weather forecasting, and the
study of blood flow. The problem remained unresolved for roughly 90 years.

On 8 September 2026, an internal OpenAl produced an analytical solution of the problem https:
//openai.com/index/navier-stokes-solution/. OpenAl claimed that the goal of the compu-
tation was to report on the substantial progress of their AI models; it didn’t claim the Millennium
Prize for this result. OpenAl deployed roughly 10,000 autonomous Al agents working concurrently
for 88 hours. The cost of the solution was between $6 million and $15 million in raw computing
power. After the initial computation ended, OpenAl used its GPT-6 Astra model to spend an
additional 17 hours formalizing and verifying the 166-page proof in Lean, a proof assistant and a
functional programming language, https://en.wikipedia.org/wiki/Lean_(proof_assistant).

As with solutions to important problems in mathematics, another solution by NYU Professor
T. Buckmaster and Anthropic researcher Levent Alpoge disputed the priority of the OpenAl solu-
tion, claiming that they had posted a Lean-verified proof of the forced Euler equations, a special
case of Navier Stokes, just hours before the OpenAl announcement, https://en.wikipedia.org/
wiki/Navier-Stokes_priority_controversy.

7 Wolfram: What’s the Future for Pure Math Research in the
Age of AI?

Although mathematicians working in mathematical logic define mathematics as the “mechanical
derivation” of theorems from axioms, real research does not operate at the raw axiomatic level: it
builds and navigates abstract conceptual structures.

Pure computational systems can generate a huge number of new theorems (ruliology), but
without human framing, this yields “alien mathematics” that does not connect with human concepts
or history. Just as Mathematica, https://en.wikipedia.org/wiki/Wolfram_Mathematicaand
Wolfram Language, https://en.wikipedia.org/wiki/Wolfram_Language raised the ceiling on
what mathematics could achieve by automating routine symbolic calculations, the future will require
high-level computational languages that allow humans to express complex abstract ideas cleanly,
leaving the tedious verification and mechanical execution to machines.



The ultimate value of mathematics lies in the creation of concepts and narratives that fit into
human minds. Al is a powerful tool for exploring the map of known and computable ideas, but the
human role remains indispensable for deciding what matters and which questions to ask, https:
//tinyurl.com/2tdzdj6n.

8 Chaitin: Is Mathematics Mechanical or Creative?

Formalism and intuitionism are two major competing philosophies of mathematics that emerged at
the beginning of the last century; they disagree on what mathematical truth actually is and how it
should be practiced.

Intuitionism views mathematics strictly as a product of the human mental construction. Pio-
neered by L. E. J. Brouwer, intuitionists argue that a mathematical object only exists if it can be
explicitly constructed or computed by the mind. For D. Hilbert, mathematics is a formal game of
manipulating symbols according to explicit, agreed-upon rules. Formalists believe mathematical
objects do not need an independent or physical reality; a statement is true or “exists” simply if
it can be derived within a free of contradictions formal axiomatic system. Hilbert sought without
success to prove the consistency of all mathematics. This “dream” was dashed in three ways! K.
Godel proved the incompleteness theorem by formalizing “the statement is unprovable” [18]. In
computability theory, the Halting Problem — the decision problem of determining, given an arbi-
trary computer program and an input, whether the program will eventually halt or continue running
indefinitely — was proved undecidable/unsolvable by M. Davis [9], p. 260. In algorithmic infor-
mation theory, Chaitin’s Halting Probability Omega is irreducible mathematical information: one
needs an n-bit formal theory to determine n bits of Omega [13]. According to Chaitin, FILE 2026
— INTER-CREATIVITY: Opening Lecture, https://www.youtube.com/watch?v=cQjEAvzwDyw,

People should be as intuitive, irrational, un-machine-like as possible.
Math is an art! You have to be inspired! You have to be obsessed!

9 An opinion, Not a Fact: Preserving the Human Element

The transition to the “unconventional” proofs of the Al age is not a decline, but a transforma-
tion [10]. Mathematics is and will remain a “human activity” [10]. It exists as a mental and
cultural endeavor, not merely a computational one [21]. By upholding standards of attribution,
investing in public infrastructure, and maintaining research autonomy, the mathematical commu-
nity can ensure that the age of Al-driven research remains a new chapter in the history of human
understanding, rather than the end of it [10,24].

Tool and Computational Resource Disclosure

I used Grammarly and Claude to check grammar and verify information.
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