
Neural networks and artificial brains 

 

The real brain is squishy stuff. Its neurons, blood vessels and fluid- filled ventricles are made of 

lipid membranes, proteins and a great deal of water. You can poke the brain with your finger, cut 

it on a microtome, insert electrodes into its neurons and watch the blood pulsing through it. 

The study of the brain seems firmly anchored in biology and medicine. However, there’s another 

way of thinking about it that has attracted the attention of mathematicians, physicists, engineers 

and computer scientists. They think about the brain by writing equations, making computer 

models and even hardware devices that mimic the real neurons inside our heads. 

 

Real brains are highly adaptable. They are able to do things like read handwriting that we have 

never seen before and to understand the speech of complete strangers. And they can tolerate 

things going wrong. They function reasonably well for a life-time even though cells are dying 

and, even in old age, brains are still capable of learning new tricks. Todays’ robots are very good 

at doing the restricted range of tasks for which they have been designed, like building a bit of a 

car, but much less tolerant when things go wrong. 

 

All real brains consist of highly interconnected neuronal networks. Their neurons need energy 

and the networks need space. Our brain contains roughly 100 billion nerve cells, 3.2 million 

kilometers of ‘wires’, a million-billion connections, all packed into a volume of 1.5 litres, but 

weighing only 1.5 kg and consuming a mere 10 watts. If we tried to build such a brain 

using silicon chips, it would consume about 10 megawatts, i.e. enough electricity to power a 

town. To make matters worse, the heat produced by such a silicon brain would cause it to 

melt! The challenge is to discover how brains operate so efficiently and economically, and to use 

similar principles to build brain-like machines. 

 

 

Building brain circuits in silicon 

 

 

The energy cost of signaling - from one neuron to another has probably been a major factor in 

the evolution of brains. About 50-80% of the total energy consumption of the brain is consumed 

in the conduction of action potentials along nerve fibres and in synaptic transmission. The rest is 

taken in manufacturing and maintenance. This is as true for the brain of a bee as it is for ours. 

However, compared to the speed of digital computers, the speed of nerve impulses is very slow - 

only a few metres per second. In a serial processor like a digital computer, this would make life 

impossible. Biological brains, however, are constructed as highly parallel networks. 

 

Most neurons connect directly to many thousands of others. To do this, the brain exploits its 

three-dimensional volume to pack everything in - bending the sheets of cells into folds and 

weaving the connections closely together into bundles. By contrast, making connections between 

even modest numbers of silicon neurons is limited by the two-dimensional nature of chips and 

circuit boards. So unlike the brain, direct communication between silicon neurons is severely 

restricted. However,  by exploiting the very high speed of conventional electronics, the impulses 

from many silicon neurons can be ‘multiplexed’- a process of carrying many different messages 



along the same wire. In this way, silicon engineers can begin to emulate the connectivity of 

biological networks. 

 

To reduce power but increase speed, neurally-inspired engineers have adopted the biological 

strategy of using analogue rather than digital coding. Carver Mead, one of the ‘gurus’ of silicon 

valley in California, coined the description ‘neuromorphic engineering’ to describe the 

translation of neurobiology into technology. Instead of coding digitally in 0’s and 1’s, analogue 

circuits code in continuous changes in voltages, as do neurons in their sub-threshold state. 

Calculations can then be done in fewer steps because the basic physics of the silicon devices is 

exploited. Analogue computation easily provides the primitives of a calculus: addition, 

subtraction, exponentials and integration, all of which are complicated operations in digital 

machines. When neurons - whether biological or silicon - compute and make ‘decisions’ they 

transmit impulses down axons to communicate the answer to target neurons. Because spike 

coding is energetically costly, efficient coding maximizes the amount of information represented 

in a pattern of spikes by reducing what is called redundancy. Energy efficiency is also increased 

by using as small a number of active neurons as possible. This is called sparse coding and it 

provides another important design principle for engineers building artificial neural networks. 
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