
Connectivity and Architecture of a Cortical Column: 
New techniques will allow us to characterized the pattern of 
connectivity and distribution of synaptic efficacies in large 
neuronal circuits with greatly expanded precision.



Multi-Timescale Dynamics: Neural circuits change over time 
scales ranging from milliseconds to years.  This corresponds to a 
novel type of dynamics with both short- and long-term memory 
effects.

Figure 1: An example of scale-invariant dynamics in a neuronal response. The plots show the

change of firing rate for a fast-firing neuron in the electrosensory system of a weakly electric fish

in response to a sustained amplitude modulation of the electric field around the fish. The plots at

left show that the response scales; firing rate histograms over ranges up to 1, 10, and 100 seconds

all look the same if drawn with appropriately scaled axes. The plot at right shows that the function

A/(C + ln(t)) provides an excellent fit of the data over 5 orders of magnitude. (From Xu et al.,

1996.)

Definition of Scale-Invariant Dynamics and its Relation to Eigenvalue Spectra

The dynamics that is almost always used to model neural system is characterized by expo-

nential responses and recoveries. As seen in figure 1, scale invariant systems behave quite

differently, they have dynamics that is logarithmic or power-law in time. How can such

dynamics arise?

An excellent way to characterize the dynamics of highly interconnected systems, whether

a network of interacting molecules or of neurons, is through the spectrum of their eigen-

values. Typical models characterize even complex dynamics by considering a few differ-

ent eigenvalues, which then determine the time constants that govern the system. Scale-

invariant systems, on the other hand, are characterized by large numbers of eigenvalues

densely populating the entire range of allowed values, something that can only arise in

very large interacting systems such as those encounted in neuroscience. The eigenvalue

spectra of such systems can be specified by a quantity ρ(λ) which gives the density of

eigenvalues about the point λ. In preliminary work for this proposal, I have shown that a

scale-invariant dynamics similar to that shown in figure 1 can arise if the density of eigen-

values is exponentially distributed,

ρ(λ) ∝ exp(−βλ) , (3.1)

where β is a constant that controls the short-time behavior of the system. Scale-invariant

dynamics arising from such a system is shown in figure 2, where the type of adaptation
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