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ISSUES:
•MODELING
•DYNAMICS
•CONTROL

– Mechanical Networks



Dynamics of Complex Networks: 
Synchronization

• Current applications:

– Neural networks– Flocking

– Epidemics – Secure communications – Clock synchronization

• Huygens (1665): synchronization 
of two weakly coupled clocks

– GPS



Cluster Synchronization

Identify the clusters?

Are the clusters stable?

Complex (large) networks

Any dynamics (fixed pt, periodic,    

quasiperiodic, chaotic 

L. M. Pecora, F. Sorrentino, A. M. Hagerstrom, T. E. Murphy, R. Roy, "Cluster Synchronization and Isolated 
Desynchronization in Complex Networks with Symmetries", Nature Communications, 5, 4079 (2014).

F. Sorrentino, L. M. Pecora, A. M. Hagerstrom, T. E. Murphy, R. Roy,  "Complete characterization of stability of 
cluster synchronization in complex dynamical networks", Science Advances 2, e1501737 (2016).



Control of Networks (1)

•Power Grid Dynamics: maintaining frequency of 

generators in the presence of perturbations



Control of Networks (2)

•Control of Mammalian Circadian 

•Rhythm

•The dynamics is multistable

(both fixed points and limit cycles)

•Problem: moving from one 

attractor to the basin of attraction 

of another attractor 

Chung, Son, Kim, Circadian 
rhythm of adrenal glucocorticoid: Its regulation 
and clinical implications



Control of Networks (3)

•Control of Autophagy in a single cell



One option: Optimal Control



One option: Optimal Control



Issues

•The dynamics of complex networks is nonlinear

•Control of nonlinear systems is difficult!

•Optimal control strategies for nonlinear systems are 

typically obtained numerically

•Numerical optimal control solutions for large high-

dimensional nonlinear systems are computationally 

expensive
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Example: Regulating Autophagy
Isaac Klickstein, Afroza Shirin,Francesco Sorrentino

Regulating autophagy (P. Szymanska, et al. PloS one, 10(3) 
e0116550, 2015)



Example: Regulating Autophagy
Isaac Klickstein, Afroza Shirin,Francesco Sorrentino



Conclusions

We consider control of large dimensional dynamical networks 
with applications to biological, technological, ecological systems 
and so on

By choosing targets, the control energy can be reduced 
exponentially with respect to the size of the target set.

Optimal control of a nonlinear network (to some nonlocal point) 
can be achieved by performing a sequence of local optimal 
controls
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