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We present a method for reconstructing a network of
pulse-coupled oscillators from non-invasive observatioh
the system’s output. Assuming that the pulse trains of all
nodes are known and that the coupling between the elements
is sufficiently weak to justify the phase dynamics descrip-
tion, we recover the connectivity of the network and proper-
ties of the nodes.

In our previous work, we have developed an approach to
recover the connectivity of a network in the case of oscilla-
tory processes that allow for conventional phase estimatio
[1]. In this work, we have tackled the problem for the case
of pulse-coupled oscillators. Our basic model for the net-
work nodes are phase oscillators which issue a spike when
their phasep reache2r. (We consider the phases in the
[0,27) interval, i.e., after the spike generation the phase of
the unit is reset to zero). This spike affects all other units
of the network according to the strength of the correspond-
ing connections. Let the size of the network Neand let
the connectivity be described by &h x N coupling matrix
£, whose elements;,,, quantify the strength of the coupling
from unitm to unitk. Between the spiking events, phases of
all units obeyyg, = wy, wherewy, are natural frequencies.

If unit k& receives a spike from oscillaten, then it reacts

to the stimulus according to its phase response curve (PRC)
[2], Z,(¢). This means that the phase of the stimulated unit
is instantaneously reset;, — v + €xm Zk(©k)-

Our approach is based on making a preliminary estima-
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This estimation, although crude, gives us some insight into PoN: ] , ¢ ferationd
the network, such that together with linearly approximgtin e e d — Z(@) teration
the phases and representing the PRC as a finite size Fourier 0

series, we can get an approximation for the PRC. Once both

approximations (connectivity and PRC) are obtained, they Figure 1: The reconstruction of the connectivit{top) and
can be used to better approximate phases, which in turn phase response cun#(y) (bottom) of the first node in a
yields better approximations of connectivity and PRC in the network of 20 oscillators. Notice how the reconstruction im
next iteration of the process. The more iterations one does, Proves with subsequent iterations (in different colors).

the better the recovery (see Fig. 1 for an example of the re-

construction).
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