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LLMs are Getting Better at Doing Mathematics . . .
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Has AI solved MATH?? Will mathematicians go extinct?
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What shall we believe?

What is the level of success of AI in Math? What are its limits?

What is the ability in average? We hear only of successes from AI! How about
failures?

Has AI fully solved even ONE single area of math already?

I have been working for 30 years in polyhedral geometry,
I think I can judge AI’s abilities with con�dence...
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Our AIMING team

We are a team from Duke U., Harvard U., UC Davis, NSF AIMING grant 2434665:

\AI Tools to Knowledge Discovery and Rigorous Reasoning in Polyhedral
Geometry."

Goals:
1 Use AI to advance research in polyhedral geometry (with and without AI). E.g., methods of

machine learning to search for interesting examples. Data collection we do automatic
generation of conjectures. LLM’s for idea/proof brainstorming.

2 We seek automated reasoning on polyhedral geometry. We use Integer/Linear programming
proof systems and algebraic geometry proof system in automatic proofs of statements.

3 Polyhedral mathematics as a benchmark to test AI capabilities. Benchmark has 2 levels:

1 Grad student-level 3-dimensional polyhedral questions only,
2 A collection of open problems we have attacked with AI’s help.
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Polyhedra touch ALL Mathematics, Nice Theorems too!!

Example invariants

algebraic properties (symmetries,
embeddings, alg. varieties)

combinatorial properties (f -vectors,
graphs, etc)

metric properties (volumes,
projections/sections, integration, etc)

Lots of nice theorems:
4-Color theorem (solved but no human proof yet!)

Euler-Poincar�e: f0 � f1 + f2 � � � �+ (�1)d−1fd−1 = 1 + (�1)d+1.

Upper Bound Theorem: Among d-polytopes P with f0(P) = n, the cyclic polytope C(n; d) has the most
i-faces.

Ehrhart’s Theorem: The function f (k) = kP \ Zd is a quasipolynomial of degree dim(P) and leading
coe�cient vol(P)

Jesús A. De Loera . Joint work with . Jillian Eddy, Ethan Fang, Yuan Gao, Shengtao Guo, Yinuo Liang, Junwei Lu, Santiago Morales, José Samper, Denae Ventura, Tingzhou Wei, Zini Yang, Hailun ZhengAI and the Future of Polyhedral Research (2026 edition) 9 / 37



Polyhedral Research is a Perfect Test for AI!!

Computation friendly

Algorithms: Convex hull, Triangulations, Mixed Integer Programming, etc Software: OSCAR / Polymake /
Normaliz / LattE, etc

Datasets: Classi�cation of smooth Fano polytopes, empty simplices, tropical fans

Automation Friendly

Flyspeck (Kepler)
Automated proofs of realizability (Bokowski et al).
LP, SAT, Gr�obner tools popular tools
Popular to Search and Enumerate (e.g., Firsching, TOPCOM, AlphaEvolve)

Powerful Math Theory

Strong links to Algebraic Geometry, Commutative Algebra, Rep. Theory
Strong Links to functional analysis, Probability
Strong Links to Combinatorics (e.g., Fields Medal 2022 (June Huh) heavy on polyhedral theory).
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What is C3PoSt?

C3PoSt = Certified 3-dimensional Polyhedral Statements

C3PoSt is a focused mathematical repository of 1st year grad student level. Solvable problems
that:

Includes hundreds of automatically statements about the geometry and combinatorics of
3D convex polyhedra, polyhedral complexes. We can generate new problems without
too much effort!

For each proposition we have automatically produces either a rigorous proof or an
explicit counterexample.

Our automated proofs are found using linear/integer programming and algebraic
geometry proof systems.

Our constructions require explicit geometric/topological operations and symbolic
computing.

What type of polyhedral problems are in this benchmark? What Prompts do we ask the
LLMs??
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The p-vectors of a 3-polytope P

p(P) = (p3; p4; p5; : : : )

pk represents the number of k-gon faces in P.

We often truncate at a largest pm. It is the p-vector of the polytope.

EXAMPLE: (0,5,2), (0,6,0), (2,3,0), (4,0,0)
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LLM Prompts: CAN YOU CONSTRUCT SUCH A POLYTOPE?

Conjecture

Let a sequence (p3; p4; p5) = (4; 0; 0) be the p-vector of some simple convex 3-polytope. Can
this sequence also be realized with a simple 3-polytope with exactly 7 hexagons?

IMPOSSIBLE! By work of Jucovic and Jedrol.

Conjecture

Let a sequence (p3; p4; p5) = (4; 0; 0) be the p-vector of some simple convex 3-polytope. Can
this sequence also be realized with a simple 3-polytope with exactly 8 hexagons (p6 = 8)?

YES! but construction is not obvious and it is difficult for LLMs.
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