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Today: Computers Checking Large Math Proofs
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Kepler conjecture, Automated Reasoning and AI

• J. Kepler (1611, Prague): The most compact way of
stacking balls of the same size in space is a pyramid.

V =
π√
18
≈ 74%

• Big proof: 300 pages + computations (Hales, Fergusson, 1998)
• Formal proof finished in 2014, 20000 theorems & proofs
• All of it computer-understandable and verified
• polyhedron s /\ c face_of s ==> polyhedron c

• My work:
• Learn/reason automatically over the large corpus of proofs
• Our methods can fully automate 40% of the proofs (2014)
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Future Potential - Science

• Use strong AI/reasoning and formal verification for:
• Science

• Routinely verify complex math, software, hardware?
• Make all of math/science computer-understandable?
• Strong AI assistants for math/science?

• Examples
• Automatically understand/verify/explain all arXiv papers?
• Can we train a superhuman system like AlphaGo/Zero for

math/physics? What will it take?
• Can we prove that the Amazon Cloud cannot be hacked?
• The same for critical government/private IT systems?
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Future Potential - Society

• Use strong AI/reasoning and formal verification for:
• Society

• Leibniz’s dream: Let us Calculate! (solve any dispute)
• J. McCarthy: Mathem. Objectivity and the Power of Initiative
• AI/reasoning assistants for law/regulations
• Verification of financial, transport/traffic systems, ...
• Explainable and very securely verified systems

• Examples
• Prove that two Paris metro trains will never crash?
• Prove that a trading system doesn’t violate regulations?
• Prove that a new law is inconsistent with an old one?
• Automatically debunk fallacies in political campaigns?
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Possible Pitfalls and Avoiding Them

Keep informed, don’t fall for the hype

• AI is much more than just (deep) learning/neural nets
• E.g., SAT/SMT/model-checking may be one of the biggest

recent AI successes – Amazon, Facebook, Microsoft, etc.
• Don’t expect miracles/singularity due to the current hype
• We can train image recognition & language models, but ...
• .. don’t know what it takes to solve hard science problems
• However, some breakthroughs can happen quickly
• Researchers/society/lawmakers need to talk more/faster
• AI infrastructure for EU (CLAIRE) could serve this purpose
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Possible Pitfalls and Avoiding Them

Don’t let US, China, ...

• ... take away the best EU science minds
• In reasoning and formal methods EU is the leader!
• Make a deal with big AI companies to seriously support

open university-based research
• Example: PRAIRIE institute in Paris,
• ... CLAIRE centers modelled after that?
• Infrastructure like CLAIRE very needed in countries like CR
• Larger brain-drain and local incompetence aggravating it
• Use such infrastructure to impose EU values on AI
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Links and Impacts on Other AI Areas

• Main areas: Machine Learning, Automated Reasoning
• Needs advances in Representation Learning
• AI needs intuition, but also reasoning and explanations
• Impact on Formal Verification (SW, HW, etc.)
• Potentially on any (hard) science/thinking/arguing
• Alan Turing, 1950, AI:

“We may hope that machines will eventually compete with
men in all purely intellectual fields.”
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Outlook – Scientific Revolution, AI?

• What did Kepler, Galileo & Co start to do in 1600s?
• What are we trying to do today?
• Kepler’s Conjecture in Strena in 1611 (with many others)
• Kepler’s laws, Newton, ..., age of science, math, machines
• ..., Hilbert, ..., Turing, ... age of computing machines?
• 1998 machine helps to find a proof of Kepler’s Conjecture
• 2014 machine verifies a proof of Kepler’s Conjecture
• ... 2050? machine finds a proof of Kepler’s Conjecture?
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