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Response to synchronization in firefly-inspired distance-

dependent coupled heterogeneous oscillators
Gonzalo Marcelo Ramirez-Avilal2 & Timoteo Carlettil

INamur Institute for Complex Systems, Université de Namur, Belgium ¢ 2lIF, Universidad Mayor de San Andrés, La Paz, Bolivia

Inspired by a firefly phenomenon, namely the response to synchronization [1], where the firefly females’ response is enhanced by
the males' synchronization during their courtship, we consider the model based on bursting (BO) and nonbursting (NBO)
oscillators related, respectively, to males (M) and females (F) [2] to study several pairwise network configurations going from the
simplest case in which a male is capable of controlling the simultaneous response of females to the general case of global
coupling and when the oscillators are nonidentical (heterogeneous) and have implicitly the capacity to move (variable
coupling strength). Integrating the model equations, we characterize the response using the flashing rate (FR) and the quality of
iInformation (QIl), quantities that measures the global response of the females, considering their temporal flashing patterns. Our
study includes different kinds of oscillators, each related to specific firefly species.

Response to synchronization

Considering two groups of dissimilar oscillators (BOs and NBOs), the BOs can
synchronize while the NBOs cannot. Nevertheless, NBOs can respond to the BOs
synchronization when both groups of oscillators are together.
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& is a random number coming from a Gaussian distribution; D is an intensity factor

Binary variable &(t)
g(t)=1 : extinguished oscillator (charging and silent stage)

g(t)=0 : fired oscillator (discharging stage)
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The transition between the states determined by ¢is described by the
following relation:

If V(@) =V and g(t) =0 then g(t,)=1
If V.(t) =v™™ and & (t) =1 then &(t,)=0;
If V.(t) =V and ¢(t) =1 then e(t)=1

where t, in the condition given by the third relation and is defined in the
interval

t=[t, (k=-D(T, +n;(T. +Ty))+Ad]

for every k interburst period or phrase, i.e., for every complete cycle
comprising the active phase and the silent time.
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Model and coupling schemes
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Situation with only unidirectional coupling from
BOs to NBOs, and where NBOs = 9. We observe
that FR and Q/ almost coincide when the number of
flashes per burst (nfpb) is 7. Results obtained with
100 simulations. It constitutes a biological
interesting result.
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Conclusions and perspectives

* Unravel the mechanism leading to response to synchronization

* Extension of the concept of response to synchronization

* Concepts on synchronization response (SR) and quality of information
(Ql)

* Multiple interesting phenomena related to biological aspects:
controlling and enhancing synchronization and resonance

* |deas for opinion formation models

* Following a previous work [3], implementation of some network
configurations in a robotic platform of e-puck robots
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