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ABSTRACT

Mutual interactions in networks of oscillating systems may lead to unexpected behaviors, including
synchronization. Thus, modeling the coupling function plays a key role to capture the synchroniza-
tion patterns that the full system admits as the interaction strength varies. Moreover, discovering
such patterns requires multi-query simulations of the global model, leading to a large computa-
tional cost. In this work we propose two Model Order Reduction (MOR) techniques designed to
reduce the computational complexity of a given coupled problem while retaining its synchronization
properties.
First, we consider the case of networks of globally coupled nearly-identical oscillators, with appli-
cations to the Kuramoto model and circadian clocks [1]. The reduced model can be constructed
using standard MOR techniques, including POD and DEIM. Particular care is given to the preser-
vation of the component-based structure of the system and to the computational complexity of the
model. We show that the problems of interest are characterized by a significant reduction potential,
and the transition to synchronization is retained with high accuracy. A substantial computational
speedup is also observed, provided that a mean-field coupling assumption is made.
The second paradigm focuses on heterogeneous systems, e.g., multiple pendulum clocks hanging
from an elastic structure [2]. Constructing an efficient global reduced model might not be possible,
mainly due to the inherently different physics of the components. Thus, we build separate reduced
models for the (decoupled) individual components, either by suitably forcing each subsystem or
by relying on an eigendecomposition of the unforced problem. We show that the synchronization
patterns of the full system can be recovered with high accuracy, and a variety of behaviors can be
observed by introducing suitable assumptions on the coupling term. The computational speedup
is significant, mostly because the system possesses only local nonlinearities.
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