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Rabinovich et al. [1] motivate the importance of itinerant and competitive dynamics when considering the brain
as an information processing device [2,3]. They treat us to a rich series of insights afforded by a dynamical perspective that emphasizes metastability and winnerless competition. Their review pursues a compelling tradition of trying
to understand neuronal activity in terms of attractor dynamics and how the resulting dynamics are coupled to the
sensorium [4–11].
The authors start by making a key point — to properly understand neural processing one has to move beyond
classical information theoretic approaches and look at the itinerant dynamics that underpin self-organization in
nonequilibrium systems, like the brain, that maintain a steady state or homeostasis [6,11,12]. Rabinovich et al. cover
many themes. I will focus on the broad implications for understanding brain function from the Helmholtzian perspective on the brain as an inference machine [12–14]. In this view, the brain tries to model its sensory exchanges with the
world, where this modelling gives rise to perception and the selection of sensory evidence that we know as behavior.
Winnerless competition and metastable dynamics are absolutely central to this notion, given the metastability of the
world we are obliged to model. A nice example here is communication among conspecifics that has a deep hierarchical structure and a separation of temporal scales. One perspective, on this remarkable capacity of higher organisms,
is that their brains contain the same central pattern generators or stable heteroclinic channels that are coupled through
sensory exchanges. Rabinovich et al. look at this in terms of the binding of stable heteroclinic channels [15]. It is
interesting to reflect on the nature of this binding in the context of language [16]. To cut a long story short, it is
possible for the itinerant pattern generators in a speaker to entrain equivalent dynamics in a listener, if the listener
uses his pattern generator to predict the behavior (i.e., speech) of the speaker. This leads naturally to a view of the
brain in terms of predictive coding [17], where prediction errors bind metastable orbits in different brains and, indeed,
hierarchical levels of a single brain [12].
The key thing here is that winnerless competition and competitive dynamics provide a model or prior beliefs about
the unfolding world and therefore provide a basis for predicting our sensory impressions of that world [18]. Exactly
the same perspective can be applied to action, where kinaesthetic or proprioceptive predictions produce movements
through classical reflex arcs. Rabinovich et al. provide a beautiful example of this in the Mollusc Clione limacina.
They consider the competitive dynamics between statocyst receptor neurons and how these provide command signals
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for swimming and hunting [19]. Crucially, they contrast winner-take-all and winnerless competition as two different
modes of metastability — that produce routine swimming and hunting behavior respectively. This reflects the controllability of metastable dynamics [16] and provides a nice metaphor for action selection that fits almost perfectly with
current theories about motor control, such as affordance competition [20] and active inference [12]. In this view stable
heteroclinic channels provide the dynamical form of prior beliefs inherent in a Bayesian modelling of the world [14,
18] that has all the requisite features; namely, sequential dynamics, flexibility, implicit memory and self-organization.
There are many exciting developments hinted at in this review that speak to a deeper understanding of perception and
action in the brain; for example, the control of fast stable heteroclinic channels by slower orbits or, more generally,
the enrichment of other formal approaches in neuroscience, such as optimal control and information theory.
Acknowledgements
The Wellcome Trust funded this work.
References
[1] Rabinovich MI, Afraimovich VS, Bick V, Varona P. Information flow dynamics in the brain. Physics of Life Reviews 2012;9(1):51–73 [in this
issue].
[2] Afraimovich V, Tristan I, Huerta R, Rabinovich MI. Winnerless competition principle and prediction of the transient dynamics in a Lotka–
Volterra model. Chaos Dec 2008;18(4):043103.
[3] Rabinovich M, Huerta R, Laurent G. Neuroscience. Transient dynamics for neural processing. Science 2008;321(5885):48–50.
[4] Crauel H, Flandoli F. Attractors for random dynamical systems. Probab Theory Related Fields 1994;100:365–93.
[5] Freeman WJ. Characterization of state transitions in spatially distributed, chaotic, nonlinear, dynamical systems in cerebral cortex. Integr
Physiol Behav Sci 1994;29(3):294–306.
[6] Haken H. Synergetics: An introduction. Non-equilibrium phase transition and self-organisation in physics, chemistry and biology. Berlin:
Springer Verlag; 1983.
[7] Jirsa VK, Kelso JA. The excitator as a minimal model for the coordination dynamics of discrete and rhythmic movement generation. J Mot
Behav 2005;37(1):35–51.
[8] Kauffman S. The origins of order: Self-organization and selection in evolution. Oxford: Oxford University Press; 1993.
[9] Kelso JAS. Dynamic patterns: The self-organization of brain and behavior. Boston: MIT Press; 1995.
[10] Tsuda I. Toward an interpretation of dynamic neural activity in terms of chaotic dynamical systems. Behav Brain Sci 2001;24(5):793–810.
[11] Tyukin I, Tyukina T, van Leeuwen C. Invariant template matching in systems with spatiotemporal coding: A matter of instability. Neural Netw
2009;22(4):425–49.
[12] Friston K. The free-energy principle: A unified brain theory? Nat Rev Neurosci 2010;11(2):127–38.
[13] Helmholtz H. Concerning the perceptions in general. Treatise on physiological optics. New York: Dover; 1866/1962.
[14] Dayan P, Hinton GE, Neal RM. The Helmholtz machine. Neural Comput 1995;7:889–904.
[15] Rabinovich MI, Afraimovich VS, Varona P. Heteroclinic binding. Dyn Syst Int J 2010;25(3):433–42.
[16] Kiebel SJ, Daunizeau J, Friston KJ. Perception and hierarchical dynamics. Front Neuroinform 2009;3:20.
[17] Rao RP, Ballard DH. Predictive coding in the visual cortex: A functional interpretation of some extra-classical receptive-field effects. Nat
Neurosci 1999;2(1):79–87.
[18] Gregory RL. Perceptual illusions and brain models. Proc R Soc Lond B 1968;171:179–96.
[19] Varona P, Levi R, Arshavsky YI, Rabinovich MI, Selverston AI. Competing sensory neurons and motor rhythm coordination. Neurocomputing
2004;58(60):549–54.
[20] Cisek P. Cortical mechanisms of action selection: the affordance competition hypothesis. Philos Trans R Soc Lond B Biol Sci Sep
2007;362(1485):1585–99.

