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Conventional computer architectures separate sensing, memory, and computation into
predefined functional blocks, whereas biological systems realise information processing
through embodiment, where function emerges from adaptive cellular dynamics and structural
plasticity across scales. This motivates
solid-state material systems in which
sensing, learning, memory, energy
conversion, and adaptive response are :
physically co-located, enabling emergent . >
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In thi k. 1 hi Cognitive materials integrate sensing, energy conversion,
n this talk, I present neuromorphic learning, memory and adaptive responses within solid-state

approaches as a pathway toward jonic and electronic systems enabling material-based
embodied information processing (see computing. The system continuously interacts with its
ﬁgure). I demonstrate how redox-based environment, for adaptive information processing.
memristive devices and an adaptive

acoustic MEMS sensor exploit their underlying device physics to tightly integrate sensing,
memory, and computation, enabling continuous adaptation to changing environmental
conditions. Together, these examples delineate a technological route toward cognitive,
sustainable, and highly energy-efficient information technology.

This work was partially funded by the Carl-Zeiss Foundation via the Projects MemWerk and
NeuroSensEar and the German Research Foundation (DFG) through the Collaborative
Research Centre CRC 1461 "Neurotronics — Bio-Inspired Information Pathway" and the SPP

2262 “Memristive Devices Toward Smart Technical Systems”.



