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Nano-enabled and advanced materials often face a scale-up gap: a promising function
demonstrated in a small specimen does not automatically become a manufacturable, reliable
engineering system. As material architecture, processing, geometry and operating conditions
interact, design spaces grow rapidly and component-scale validation becomes increasingly
costly.

This talk presents physics-grounded Al as an enabling infrastructure for bridging this gap, not
as a substitute for synthesis, characterisation or mechanics, but as a means of connecting
them. Drawing on research at Al4l, | will show how generative and inverse-design methods can
discover manufacturable architected materials with prescribed responses, how Al can
programme sensing and actuation in piezoelectric architectures, and how compositional Al
physics engines can transfer knowledge learned on small domains to unseen engineering-
scale geometries.

Together, these examples illustrate how Al can reduce design-build-test iterations, bridge
scales and incorporate manufacturability and functionality from the outset, accelerating the
transition from nanoscale innovation to deployable technologies.



