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ABSTRACT

The network of n ≥ 2 synaptically connected neurons can be modeled as a deterministic
system, and thus studied with the theoretical tools of the Dynamical Systems Theory in
a qualitative description, rather than using a quantitative method. Also Ergodic Theory
known results are applicable.

The abstract mathematical tools provide rigourously proved properties of some n-neurons
system models and the qualitative tasks of its spike trains. Some systems are mathe-
matically proved to exhibit several characteristic structurally stable limit cycles in the
evolution of its internal spikes. Those limit cycles are not modified by the external small
random perturbations, but the system can jump from one cycle to other when an external
excitation spikes some of the sensorial neurons of the system. The system has a response
capable of processing a large amount of information from the environment.
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The dynamic behavior of the Ising model, with power-law decaying interactions of the form 1/rd +  , is simulated in 

d = 1 dimension for = 0.75, by using the Monte Carlo method. This value of  is selected because we expect that 

critical exponents will be far from both the mean-field values = 0.5 and the strong Kosterlitz-Thouless behavior. 

Both the standard relaxation of ordered configurations and the short-time dynamics of disordered configurations 

are studied and rationalized in terms of scaling arguments. By measuring the time dependence of physical 

observables, such as the magnetization, susceptibility, Binder cumulant, correlation function, etc, the critical 

temperature and all the relevant critical exponents can be determined, including the static ( , , ) and the dynamic 

(z) ones. Also, the scaling exponent of the initial increase of the magnetization is evaluated. Based on this evidence 

we conclude that the study of the dynamic behavior of the system allows the complete characterization of its 

critical properties. 
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The coordinated expression of the different genes in an organism is essential to sustain functionality under the 

random external perturbations to which the organism might be subjected. To cope with such external variability, 

the global dynamics of the genetic network must possess two central properties. (a) It must be robust enough as to 

guarantee stability under a broad range of external conditions, and (b) it must be flexible enough to recognize and 

integrate specific external signals that may help the organism to change and adapt to different environments. This 

compromise between robustness and adaptability has been observed in dynamical systems operating at the brink of 

a phase transition between order and chaos. Such systems are termed critical. Thus, criticality, a precise, 

measurable, and well characterized property of dynamical systems, makes it possible for robustness and 

adaptability to coexist in living organisms. In this talk investigate the dynamical properties of the gene 

transcription networks reported for S. cerevisiae, E. coli, and B. subtilis, as well as the network of segment polarity 

genes of D. melanogaster, and the network of flower development of A. thaliana. By analyzing hundreds of 

microarray experiments to infer the nature of the regulatory interactions among genes, and implementing these 

data into the Boolean models of the genetic networks, I will show that, to the best of the current experimental 

data available, the five networks under study indeed operate close to criticality. The generality of this result 

suggests that criticality at the genetic level might constitute a fundamental evolutionary mechanism that 

generates the great diversity of dynamically robust living forms that we observe around us. 
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Biological neuronal networks as deterministic dynamical systems 
 

The network of n >= 2 synaptically connected neurons can be modeled as a deterministic system, and thus studied 

with the theoretical tools of the Dynamical Systems Theory in a qualitative description, rather than using a 

quantitative method. Also Ergodic Theory known results are applicable. The abstract mathematical tools provide 

rigorously proved properties of some n-neurons system models and the qualitative tasks of its spike trains. Some 

systems are mathematically proved to exhibit several characteristic structurally stable limit cycles in the evolution 

of its internal spikes. Those limit cycles are not modified by the external small random perturbations, but the 

system can jump from one cycle to other when an external excitation spikes some of the sensorial neurons of the 

system. The system has a response capable of processing a large amount of information from the environment. 
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Topological effects of synaptic time-dependent plasticity 
 

Connections between individual neurons in the brain arise first from the spatial distribution of axons and dendrites 

within neural tissue. Local synaptic modification rules are known to shape patterns of connectivity in local neural 

tissue and local microcircuit topology. Global brain network topology, however, is believed to emerge largely from 

patterned area to area connectivity determined during development. One proposal for a rule governing this level of 

organization, the "no strong loops hypothesis", considered only patterning mechanisms to implement its specific 

area to area network topological constraint. Here, we show that the local Spike Timing-Dependent Plasticity (STDP) 

rule has the effect of reducing the trans-synaptic weights of closed loops of any length within a simulated network 

of neurons. We further prove analytically that anti-loop learning and STDP are equivalent for the case of a linear 

network. Thus a notable local synaptic learning rule yields structures dominated by feed-forward connections at 

their largest scale. Given its widespread occurrence in the brain, we propose that STDP must be involved in 

eliminating long range synaptic loops among individual neurons across all brain scales, up to, and including, the scale 

of global brain network topology. 
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Modeling and understanding active matter: variations on the Vicsek model 
 

The model introduced by Vicsek et al. in which self-propelled particles align locally with neighbors is, because of its 

simplicity, central to most studies of collective motion or “active” matter. After reviewing briefly its main 

properties, we show how it can be expanded into three main directions: changing the symmetry of the particles 

and/or of their interactions, adding local cohesion, and taking into account the fluid in which the particles move. 
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