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Analyzing the dynamics of large populations of neurons is
a still a formidable challenge at present [1]. Even more so,
beyond classical analysis techniques (correlation analysis,
etc), characterizing the spatio-temporal trajectory of a
neural system is very difficult. It has been suggested that
such an endeavor can be made possible by describing the
dynamics of the neuronal system through a state-space
[2]. Such approaches have proven useful for odor decod-
ing in honeybees [3], or the description of neuronal activ-
ity from monkey frontal areas [4]. There is however a
fundamental problem for large neuronal systems: Finding
of a relevant subset of variables that define a state, such
that the subset preserves a reasonable amount of informa-
tion about the whole system. Relevance is to be defined
according to the observer of the neuronal population,
which, in the real brain, consists of other neurons. Per-
haps a good way to characterize a neuronal circuit is to use
neuronal observers, and here, we show that a subset of
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neurons can be used to extract and compress information
about the dynamics of a large self-sustained microcircuit.
We used a population of 10 regular-spiking neurons as
readouts, connected to all neurons of a self-sustained
microcircuit containing ~600 Izhikevich type resonator
neurons [5]. Synapses of each readout are excitatory, with
long NMDA-like exponential decay of the synaptic con-
ductance (30 ms). Synaptic strength for each individual
synapse is computed as a sum of a fixed baseline (e.g. 0.7)
and a smaller random fluctuation (e.g. between 0 and 0.2)
drawn from a uniform distribution. The synaptic trees of
the readouts are balanced: The total synaptic strengths are
similar for each readout neuron. As a result, readouts fire
with very similar rates, engaging into repeated temporal
firing patterns, such that information can be recovered in
the relative phase of their spike times (Fig 1). For each fir-
ing pattern, a phase vector is computed by calculating, for
each readout, the time difference between its firing and
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Figure |
Readouts from a microcircuit.
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that of the first readout (Fig. 1). As a result, a 10 dimen-
sional vector of relative phases is computed, for each
moment in time where a phase pattern occurs in the read-
out population. We show that the succession of these
phase patterns can be used to characterize, in a com-
pressed fashion, the dynamics of the whole microcircuit,
including limit cycles.
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