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ABSTRACT

Final Report: Complex Networks: Structure and Function of Large-Scale Neural Networks

Report Title

A two-state master equation (TSME), the decision making model(DMM), was developed and shown to generate phase transitions, to be 
topologically complex and to manifest temporal complexity through an inverse power-law (IPL) probability distribution function(PDF) in 
the switching times between the two critical states of consensus. These properties are entailed by the fundamental assumption that the 
network elements in the DMM imperfectly imitate one another. The process of subordination establishes that a single network element can 
be described by a fractional master equation(FME), whose analytic solution


yields the observed IPL PDF, obtained by numerical integration of the TSME to a high degree of accuracy. The network dynamics describe 
the criticality of neuronal and genetic systems.
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Scientific Progress

A two-state, master equation-based decision-making model has been shown to generate phase transitions, to be topologically 
complex, and to manifest temporal complexity through an inverse power-law probability distribution function in the switching 
times between the two critical states of consensus. These properties are entailed by the fundamental assumption that the 
network elements in the decision-making model imperfectly imitate one another. The process of subordination establishes that a 
single network element can be described by a fractional master equation whose analytic solution yields the observed inverse 
power-law probability distribution obtained by numerical integration of the two-state master equation to a high degree of 
accuracy.





A spectral decomposition method is used to obtain solutions to a class of nonlinear differential equations. We extended this 
approach to the analysis of the fractional form of these equations and demonstrate the method by applying it to the fractional 
Riccati equation, the fractional logistic equation and a fractional cubic equation. The solutions reduce to those of the ordinary 
nonlinear differential equations, when the order of the fractional derivative is ? = 1. The exact analytic solutions to the fractional 
nonlinear differential equations are not known, so we evaluate how well the derived solutions satisfy the corresponding 
fractional dynamic equations. In the three cases we find a small, apparently generic, systematic error that we are not able to 
fully interpret.





Many adaptive evolutionary systems display spatial and temporal features, such as long-range correlations, typically associated 
with the critical point of a phase transition in statistical physics. Empirical and theoretical studies suggest that operating near 
criticality enhances the functionality of biological networks, such as brain and gene networks, in terms for instance of 
information processing, robustness, and evolvability. While previous studies have explained criticality with specific system 
features, we still lack a general theory of critical behavior in biological systems. Here we look at this problem from the complex 
systems perspective, since in principle all critical biological circuits have in common the fact that their internal organization can 
be described as a complex network. An important question is how self-similar structure influences self-similar dynamics. 
Modularity and heterogeneity, for instance, affect the location of critical points and can be used to tune the system toward 
criticality. We review and discuss recent studies on the criticality of neuronal and genetic networks, and discuss the implications 
of network theory when assessing the evolutionary features of criticality.

Technology Transfer

M. Turalska became a post doctoral researcher at the Army Research Laboratory in order to transfer her skills in network 
science to the Army research community.
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