
Inhibition Causes Ceaseless Dynamics in Networks of Excitable Nodes

Daniel B. Larremore,1,2 Woodrow L. Shew,3 Edward Ott,4 Francesco Sorrentino,5 and Juan G. Restrepo6
1Department of Epidemiology, Harvard School of Public Health, Boston, Massachusetts 02115, USA

2Center for Communicable Disease Dynamics, Harvard School of Public Health, Boston, Massachusetts 02115, USA
3Department of Physics, University of Arkansas, Fayetteville, Arkansas 72701, USA

4Institute for Research in Electronics and Applied Physics, University of Maryland, College Park, Maryland 20742, USA
5Department of Mechanical Engineering, University of New Mexico, Albuquerque, New Mexico 87106, USA

6Department of Applied Mathematics, University of Colorado, Boulder, Colorado 80309, USA
(Received 11 December 2013; published 1 April 2014)

The collective dynamics of a network of excitable nodes changes dramatically when inhibitory nodes are
introduced. We consider inhibitory nodes which may be activated just like excitatory nodes but, upon
activating, decrease the probability of activation of network neighbors. We show that, although the direct
effect of inhibitory nodes is to decrease activity, the collective dynamics becomes self-sustaining. We
explain this counterintuitive result by defining and analyzing a “branching function” which may be thought
of as an activity-dependent branching ratio. The shape of the branching function implies that, for a range of
global coupling parameters, dynamics are self-sustaining. Within the self-sustaining region of parameter
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criticality occurring at λ ¼ 1 [7,8,12,19]. In order to achieve
a particular eigenvalue λ, we use γ ¼ λ=½hkið1 − 2α



approximate the expectation over SðSÞ by assuming
each snðtÞ is 1 with probability S and 0 otherwise
independent of the other nodes. Since nodes differ in
the number and type of inputs, this assumption is valid
only for large, homogeneous networks. Thus, each node
will have, on average, Shkið1 − αÞ active excitatory inputs
and Shkiα active inhibitory inputs. To account for the
variability in the number of such inputs for any particular
node (due to both the degree distribution of a random
network and the stochasticity of the process), letting
PðβÞ be a Poisson random variable with mean β, we
model the number of active excitatory inputs as ne ¼
P½Shkið1 − αÞ� and the number of active inhibitory inputs
as ni ¼ PðShkiαÞ. We describe the total input to the
transfer function using ne and ni draws from the link
weight distribution. Replacing the argument of σ in
Eq. (3), and taking the expectation over the distributions
of ne and ni, as well as over the link weight distributions,
we approximate

ΛðSÞ ≈ S−1E
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σ
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��
; (4)

where wj and wk



N=hki



critical networks, we find avalanches embedded in self-
sustaining activity.
To conclude, in this Letter, we have described and

analyzed a system in which the addition of inhibitory
nodes leads to ceaseless activity. Our findings may be
particularly useful in neuroscience, where self-sustaining
critical dynamics has been observed [18]. In experiments,
networks of neurons exhibit ceaseless dynamics and
optimized function (dynamic range and information capac-
ity) under conditions where power-law avalanches occur
[14,15,18], but it is not currently possible to directly test the
relationship between cortical inhibition and sustained
activity in vivo. One alternative may be to compare
empirically measured branching functions from in vivo
recordings with their in vitro counterparts, where more
manipulation of cell populations is possible. This could
also be done in model networks of leaky integrate-and-fire
neurons, but while criticality [26] and self-sustained activ-
ity without avalanches [27] have been found separately,
they have not yet been found together. The relation of
our mechanism to more traditional “chaotic balanced”
networks studied in computational neuroscience [28] and
the ability of balanced networks to decorrelate the output
of pairs of neurons under external stimulus [29] remain
open. Outside neuroscience, our results may find applica-
tion in other networks operating at criticality, such as gene
interaction networks [30], the internet [31], and epidemics
in social networks [5,32].
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