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Abstract
State-of-the-art electronic design allows the integration of complex systems comprising thousands of high-level
functions made from billions of components working in concert on a single chip. This has become possible because
of the combination of semiconductor technology providing atomic-scale devices and electronic design automation
(EDA) tools following a strictly hierarchical design methodology breaking down a system into blocks, sub-blocks or
cells. The result is the ubiquitous “classical” computer combining Boolean logic with silicon.
However, the ever-increasing transistor density and design complexity makes modern systems brittle and
inefficient. As we start to meet fundamental device scaling limits when touching the atomic scale, design challenges
arise including the thermal/power constrained Dark Silicon and other deep sub-micron silicon fabrication issues
such as intrinsic variability and electrical wear out (ageing). As we approach the miniaturisation limits of
conventional electronics, alternatives to silicon transistors – the basic building block for conventional electronic
devices – are being hotly pursued.
This raises questions of whether Boolean logic and silicon are actually a good match or whether current design
methodology and system management approaches are appropriate; and gives rise to the ideas of biologicallyinspired hardware and unconventional computing. Inspired by the way living organisms have evolved in nature to
perform complex tasks with remarkable ease, in particular the way the brain outperforms classical computing
paradigms, we will explore a combination of “evolution” as the design tool and reconfigurable hardware and nano
materials as the substrates to create novel, self-organising information processing devices.
I will motivate how four seemingly random words like “Bio-inspired”, “Computation”, “Heterotic” and “Hardware” fit
together and present examples how methodologies developed in this context will lead to the next-generation
unconventional computer with a perfect match of computational model and physical substrate. Examples will range
from fault-tolerant evolutionary hardware over social insects managing many-core processors to carbon nanotubebased material computers and how to characterise them.
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