
What is 
Neuromorphic 
Computing?

Emulating biological neurons and networks

he human 
brain processes 
i n f o r m a t i o n 
d i f f e r e n t l y 
to the binary 
p r o c e s s i n g 
operations of 
c o m p u t e r s . 
C o m p u t e r 

processing today is fast and precise, able 
to execute complex algorithms, in some 
cases, with an uncanny appearance of 
intelligence. The human brain however, 
excels in the realms of ambiguity, 
complexity, creativity, novelty, and 
the integration of parallel multi-modal 
information processing and subsequent 
action or response. It may be slower 
linear processing than a computer, but 
the sophistication of massive parallel 
computations (across 85 billion neurons 
and a quadrillion synaptic connections) 
gives the human brain an edge over digital 
computing in a lot of areas. Whereas 
computers use a single singling mode very 
quickly, the human brain uses a mixed 
chemical/electrical singling system with 
great degrees of variance and modulation 
across massive parallel processes.

Due to the amazing ability of the brain, 
computer engineers have turned to the 
architecture of the brain as a model for 

computing – and possibly because we 
want to be like Prometheus (see George 
Zarkadakis’s book In Our Own Image 
for this line of thought). Emulating the 
structure and characteristics of neurons 
and the networks they create is the basis 
of “neuromorphic” computing systems. 
Such biologically inspired systems are a 
long way from the biological brains they 
aim to emulate, as we still have much 
to learn about how the brain stores and 
processes information. Neuromorphic 
computing takes the incredibly complex 
analogue brain and creates principles of 
computing that can be applied in practical 
engineering system – but not necessarily 
trying to reproduce all the biological 
detail of the human brain, although there 
is inspiration to do this as well.

What has come out of neuroscience to 
inform computing is an abstraction, and 
greatly simplified version, of the neurone 
as a multiple-input single-output device. 
These mathematical models calculate 
various weighted inputs and a resulting 
output rather like the dendrite input and 
pre-synaptic output of a neurone. But 
it’s not a fixed system, like static lines of 
code are fixed. There is synaptic plasticity 
in the brain that allows connections to 
be adjusted to learn new things (create 
new neural pathways), that is emulated 
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in neuromorphic systems. The system 
can ‘learn’ by rewiring connections much 
like the brain does.

Over the last 20 years the race has 
been on to develop truly cognitive, 
learning machines, and neuromorphic 
conceptualisations and practical systems 
have been leading the charge. The 
Institute for Neuroinformatics (INI) has 
been one of the leaders in neuromorphic 
engineering – established in 1995 by 
Rodney Douglas and Kevan Martin at 
the University of Zurich and ETH Zurich. 
The research at INI covers behaviour 
and cognition, computation in neural 
circuits and neurotechnologies. Some 
of the work at the institute is aimed 
at developing neuromorphic cognitive 
systems – systems that are cognitive 
in nature rather than the more simple 
reactive sensory-motor systems. 

Such neuromorphic systems, it is hoped, 
will have the ability to reason about actions 
it takes in response to external stimulation, 
internal states and behavioural objectives.  
The thought of creating such cognitive 
systems has spawned a multitude of labs 

across the globe developing biologically 
inspired neural systems. This research 
is accelerating our understanding of the 
brain as researchers try to emulate it.  Some 
small-scale neuromorphic techniques are 
investigating the biological phenomena 
of specific functions or areas of the brain, 
like Sylvie Renaud’s lab in Bordeaux 
investigating thalamic mechanisms of 
sensory signal gating to the cortex. This 
mutually beneficial multidisciplinary 
field is both informing neuromorphic 
computing and neuroscience. Building 
neuromorophic models is a great way for 
us to get a grasp on what is going on in 
the biological brain and how to abstract 
some useful computational architecture 
for the advancement of computing.

We are now seeing the emergence of 
large-scale neuromorphic systems due to 
the increase in microchip technology and 
scalable architectures capable of emulating 
many layers of digital neural networks 
and billions of synaptic connections. 
This will be an important space to watch 
as these emerging platforms provide a 
real beginning point to build biologically 
inspired digital cognition.

The sophistication of massive 
parallel computations across 

85 billion neurons and a quadrillion 
synaptic connections gives the human 
brain an edge over digital computing 
in a lot of areas.
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