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Abstract:
By taking into consideration the inhomogeneous population of interneurons in real neural circuits, we consider
an inhomogeneous small-world network (SWN) composed of inhibitory short-range (SR) and long-range
(LR) interneurons, and investigate the effect of network architecture on emergence of sparsely synchronized
rhythms by varying the fraction of LR interneurons plong. The betweenness centralities of the LR and the SR
interneurons (characterizing the potentiality in controlling communication between other interneurons) are
distinctly different, although they have the same average in- and out-degrees (representing the potentiality in
communication activity). Hence, in view of the betweenness, SWNs we consider are inhomogeneous, unlike
the "canonical" Watts-Strogatz SWN with nearly same betweenness centralities. For small plong, the average
betweenness centrality of LR interneurons is much larger than that of SR interneurons. Hence, the load of
communication traffic is much concentrated on a few LR interneurons. However, with further increase in
plong the number of LR connections (coming from LR interneurons) increases, and then the average
betweenness centrality of LR interneurons decreases. Consequently, the average path length becomes shorter,
and the load of communication traffic is less concentrated on LR interneurons, which leads to better efficiency
of global communication between interneurons. Sparsely synchronized rhythms are thus found to emerge when
passing a small critical value p(c)long (~ 0.16). This transition from desynchronization to sparse
synchronization is well characterized in terms of a realistic "thermodynamic" order parameter, and the degree
of sparse synchronization is well measured in terms of a realistic "statistical-mechanical" spiking measure.
These dynamical behaviors in the inhomogeneous SWN are also compared with those in the homogeneous
Watts-Strogatz SWN, in connection with their network topologies. Particularly, we note that the main
difference between the two types of SWNs lies in the distribution of betweenness centralities. Unlike the case of
the Watts-Strogatz SWN, dynamical responses to external stimuli vary depending on the type of stimulated
interneurons in the inhomogeneous SWN. We consider two cases of external time-periodic stimuli applied to
sub-populations of LR and SR interneurons, respectively. Dynamical responses (such as synchronization
suppression and enhancement) to these two cases of stimuli are studied and discussed in relation to the
betweenness centralities of stimulated interneurons, representing the effectiveness for transfer of stimulation
effect in the whole network.
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