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Abstract 

Adaptation plays a fundamental role in shaping the structure of a complex 

network and improving its functional fitting. Even when increasing the level 

of synchronization in a biological system is considered as the main driving 

force for adaptation, there is evidence of negative effects induced by 

excessive synchronization. This indicates that coherence alone cannot be 

enough to explain all the structural features observed in many real-world 

networks. In this work, we propose an adaptive network model where the 

dynamical evolution of the node states toward synchronization is coupled 

with an evolution of the link weights based on an anti-Hebbian adaptive rule, 

which accounts for the presence of inhibitory effects in the system. We found 

that the emergent networks spontaneously develop the structural conditions 

to sustain explosive synchronization. Our results can enlighten the shaping 

mechanisms at the heart of the structural and dynamical organization of 

some relevant biological systems, namely, brain networks, for which the 

emergence of explosive synchronization has been observed. 
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Adaptation plays a fundamental role in shaping the structure of a complex network and improving its functional
fitting. Even when increasing the level of synchronization in a biological system is considered as the main driving
force for adaptation, there is evidence of negative effects induced by excessive synchronization. This indicates
that coherence alone cannot be enough to explain all the structural features observed in many real-world networks.
In this work, we propose an adaptive network model where the dynamical evolution of the node states toward
synchronization is coupled with an evolution of the link weights based on an anti-Hebbian adaptive rule, which
accounts for the presence of inhibitory effects in the system. We found that the emergent networks spontaneously
develop the structural conditions to sustain explosive synchronization. Our results can enlighten the shaping
mechanisms at the heart of the structural and dynamical organization of some relevant biological systems, namely,
brain networks, for which the emergence of explosive synchronization has been observed.
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I. INTRODUCTION

Adaptivity is a key feature in the construction and function
of many real complex systems. In the brain, for instance,
plasticity is at the heart of memory and learning processes, and
governs the huge functional versatility of this system. In many
modeling approaches, synchronization has been studied as the
emerging collective phenomenon of interest in a population
of interacting dynamical units, and the target of adaptation
has been considered to be the improvement of the level of
synchronization in the system [1,2]. Most of the works in
this area have implemented different versions of the Hebbian
adaptation rule as a generative mechanism to enhance the
strengths of the links of a network [3–6]. As a result, the origin
of various emerging features of real-world networks, such as
scale-free topologies [7], modularity [3,4], or assortativity [5],
has been better understood.

However, even if brain synchronization, both at the scale
of neurons and at that of cortical areas, has proved to be
fundamental for the proper functioning of the brain, improving
the coherence cannot be the only mechanism at work in brain
networks. In fact, it is well known that oversynchronization
can destroy the overall complexity of the system, reducing
the amount of information that the system is able to process
and eventually leading to pathological states such as epilepsy
[8]. For this reason, inhibition and anti-Hebbian coupling

have been investigated in neural systems, and they have been
shown to play an important role in the control of excessive
synchronization and redundancy [9–11], and also in the context
of circadian rhythms [12]. Anti-Hebbian rules have also been
considered more in general in adaptive complex networks,
and it has been found that they can be useful to generate
features such as criticality [13], dissasortativity [7], structural
heterogeneity [14], bistability [15], or multistability [16].

In this work, we introduce and study an adaptive complex
network model in which the nodes are coupled oscillators
trying to synchronize their phases, while the link weights
evolve with an anti-Hebbian rule which weakens the con-
nection between pairs of coherent nodes. We will show that
the competition between the attractive coupling and the anti-
Hebbian link dynamics generates networks with interesting
topological and dynamical features. In particular, we find
that the networks produced by our model are able to sustain
explosive synchronization (ES), and this happens for a large
range of the two tuning parameters of the model. Explosive syn-
chronization, i.e., the sudden, discontinuous and irreversible
transition from an incoherent state to a fully synchronized
one, is a phenomenon that has attracted special attention in
the last few years [17–22]. Explosive synchronization has
been also observed experimentally in power grids [23], circuits
[24], and chemical reactions [25]. More recently, the interest
has extended also to neuroscience, and some experimental
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