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Research objectives
Finding general properties of evolving systems has proven extremely difficult. A particularly interesting proposal is that evolution (either natural or artificial) drives complex systems towards "dynamically critical" states, which may have relevant advantages with respect to systems whose dynamics is ordered or disordered. According to this hypothesis, these critical systems can provide an optimal balance between stability and responsiveness. In this project we aim at determining under which conditions this turns out to be the case, by using abstract models. The systems described by these models will interact in an abstract “environment”, and the conditions under which critical systems have an edge will be analyzed. To achieve this ambitious goal, we will exploit the synergy among dynamical systems methods, information theory and evolutionary computation. 

Proposed research activity
Criticality is usually assessed on the basis of the time response to perturbations, but in nonlinear systems there can be different attractors, and their stability properties may be very different. It has been shown [Villani, M., Campioli, D., Damiani, C., Roli, A. Filisetti, A. and Serra, R. (2017): Dynamical regimes in non-ergodic random Boolean networks.  Natural Computing 16: 353-363] that the common recipe of choosing random initial conditions can be severely misleading in non-ergodic systems like random Boolean networks, therefore a more careful analysis of the various perturbations will be performed, on the basis of previous work. In this project the possible advantages of systems that are at the border between different dynamical regimes will be thoroughly tested.
 

Moreover, it has recently been shown [Roli A., Villani M., Caprari R. and Serra, R. (2017): Identifying critical states through the relevance index. Entropy 2017 19, 73] that critical states can be identified by using a method, the Relevance Index (RI), that had been developed to find relevant subsets of the system variables, [Villani, M., Roli, A. Filisetti, A., Fiorucci, M., Poli, I. and Serra, R. (2015): The search for candidate relevant subsets of variables in complex systems. Artifial Life 21, 412-431]. In this project the method will be applied to characterize the multi-level organization of dynamically critical systems
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