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“Listen to the technology and find out what it
is telling you.”

— Carver Mead, 1999




It’s getting really hard to shrink transistors

A persevering prediction
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Shrinking chips
Number and length of transistors bought per $

Transistor size, nanometres (nm) Transistors bought per $, m
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The MOS Transistor

The Economist 2016



How many lanes on the transistor’s freeway?
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Beware of potholes!

Potential divided line
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Accidents occur!

Electron escapes
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2014: Industry went 3D to get more lanes




Intel’s 28nm FinFET: 30 lanes (13+4+13)

Gate Length TECHINSIGHTS

Fin Height
Fin Widt

Average Gate height:
Average Fin width: 18 nm (at bottom)
Average Fin height: 35 nm

Average Fin pitch: 60 nm EE Times 2012




28nm: Optimal Balance of Cost and Power for 2015 Devices

IR 7 o
Shrinking chips _ el 200m
Number and length of transistors bought per $ '

* Mid-range devices are highly
sensitive to cost

= 28nm provides the most
transistors per dollar

ARM 2014
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Brains operate fine with single-lane 1on-channels

20 ion-channels

2000 ion-channels

~ MacKinnon et al 1




“The most immediate observation regarding
the nervous system is that its functioning is
prima facie digital.”

— John von Neumann 1957




“Thus all the complexities referred to here
may be irrelevant, but they may also endow
the system with a (partial) analog character,

or a ‘mixed’ character.”

— John von Neumann 1957
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Difference between Digital and Analog
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Analog versus Digital Computation: Energy Cost
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Robust Digital Gomputation: N-way Redundancy
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How can we unleash the computational power
and energy etficiency of nanoscale transistors
using analog computation and digital
communication?
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COMPUTATION, REPRESENTATION, AND DYNAMICS

IN NEUROBIOLOGICAL SYSTEMS

Chris Eliasmith and Charles H. Anderson
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x = alx(t) + Bu(?)

Courtesy of
Chris Eliasmith
2013

http:/ /www.nengo.ca
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Neurogrid
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Prosthesis power challenge
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Dethier et al. 2012



Spiking neural network decoder
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Robot-arm controller

Neuron Pools
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Robot-Arm controller performance

64 neurons per pool 128 neurons per pool
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Robot-arm controller video
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Summary

Combining analog computation with digital
communication proved energy-etficient and noise-
robust

Building the first neuromorphic chip (Brainstorm) that
implements spiking neural networks specified at a
higher level of abstraction

Writing software tool (Neuromorph) that automatically
synthesizes network from high-level specification

ONR-funded collaboration with colleagues at Cornell
and Waterloo
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