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Many natural and artificial systems are often composed of oscillatory elements which, 
besides evolving according to their own non-trivial internal dynamics, mutually interact. As 
a result, many temporal and spatial scales are typically present, often accompanied by the 
spontaneous emergence of collective properties. Altogether, such features make the task of 
understanding the resulting evolution a challenging interdisciplinary problem. Zero-
knowledge methods do generally require too large amount of data to allow drawing 
meaningful conclusions. In order to overcome this limitation, it is necessary to add skilful 
hypotheses about the structure of the underlying model and, thereby, on the relevant 
variables. This task is often tackled in an ad hoc way and the approach is based rather on 
personal preferences than on objective elements.  
 
The goal of this project is to fill the gap, by developing a general and coherent set of tools 
for the system identification and control, as well as to improve our ability to make 
predictions. The task will be pursued by combining top-down with bottom-up approaches 
which will be used to identify the most appropriate variables. Such analysis will be 
integrated by performing suitable case studies and mutually validating the various 
techniques to test the correctness of the underlying assumptions (both in the context of 
theoretical models as well as in experimental time series, such as physiological and neural 
data). A user-friendly software package will be ultimately developed to make the methods 
accessible to a broad set of potential users, including those with minimal theoretical 
competences. Furthermore, we will train a new generation of scientists able to implement 
a broad range of interdisciplinary approaches to the multivariate time signals that may be 
generated by the evolution of complex systems. 

 


