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[AI-Descartes]
Combining data and theory for derivable scientific discovery with AI-Descartes
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Abstract:

Scientists aim to discover meaningful formulae that accurately describe experimental data.
Mathematical models of natural phenomena can be manually created from domain knowledge
and fitted to data, or, in contrast, created automatically from large datasets with machine-learning
algorithms. The problem of incorporating prior knowledge expressed as constraints on the
functional form of a learned model has been studied before, while finding models that are
consistent with prior knowledge expressed via general logical axioms is an open problem. We
develop a method to enable principled derivations of models of natural phenomena from
axiomatic knowledge and experimental data by combining logical reasoning with symbolic
regression. We demonstrate these concepts for Kepler’s third law of planetary motion, Einstein’s
relativistic time-dilation law, and Langmuir’s theory of adsorption. We show we can discover
governing laws from few data points when logical reasoning is used to distinguish between
candidate formulae having similar error on the data.
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Abstract:

The discovery of scientific formulae that parsimoniously explain natural phenomena and align
with existing background theory is a key goal in science. Historically, scientists have derived
natural laws by manipulating equations based on existing knowledge, forming new equations,
and verifying them experimentally. However, this does not include experimental data within the
discovery process, which may be inefficient. We propose a solution to this problem when all
axioms and scientific laws are expressible as polynomials and argue our approach is widely
applicable. We model notions of minimal complexity using binary variables and logical
constraints, solve polynomial optimization problems via mixed-integer linear or semidefinite
optimization, and prove the validity of our scientific discoveries in a principled manner using
Positivstellensatz certificates. We demonstrate that some famous scientific laws, including
Kepler’s Law of Planetary Motion and the Radiated Gravitational Wave Power equation, can be
derived in a principled manner from axioms and experimental data.
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