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The Cost of Cortical Computation

Peter Lennie*

Center for Neural Science
New York University

4 Washington Place

New York, New York 10003

Summary

Electrophysiological recordings show that individual
neurons in cortex are strongly activated when en-
gaged in appropriate tasks, but they tell us little about
how many neurons might be engaged by a task, which
is important to know if we are to understand how
cortex encodes information. For human cortex, | esti-
mate the cost of individual spikes, then, from the
known energy consumption of cortex, | establish how
many neurons can be active concurrently. The cost of
a single spike is high, and this severely limits, possibly
to fewer than 1%, the number of neurons that can
be substantially active concurrently. The high cost of
spikes requires the brain not only to use representa-
tional codes that rely on very few active neurons, but
also to allocate its energy resources flexibly among

rat neocortex. Neurons in human neocortex are larger
than those in rat and receive and make more synapses,
but they are not otherwise known to differ in their basic
structure or organization [5]. Thus, with appropriate
scaling of parameters for the larger neurons, Attwell and
Laughlin’s analysis can be used to estimate the energy
consumed by a pyramidal neuron in human neocortex.

In different mammals, the number of neurons under
a unit area of cortical surface is relatively constant
(~100,000/mm?), except in primate striate cortex, where
it may be twice as high [6]. Increasing brain size brings
an increase in cortical thickness and a proportionately
lower density of neurons [5, 6] without an increase in
cell body size, which remains approximately constant at
15 um diameter [7]. The volume of axons and dendrites
increases with cortical thickness. This reflects an in-
crease in the lengths of dendrites and axons without an
increase in diameter [5]. Table 1 summarizes relevant
statistics for human cortex.

Postsynaptic Potentials

Individual synapses are assumed to be the same in rat
and human neurons, so the energy costs associated
with transmitter uptake and release will be the same,
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