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About

AMCOS
The conference on Analysis and Modeling of Complex Oscillatory Systems (AMCOS)
aims to bring together theoretical and experimental researchers working on the state of
the art in the field of complex oscillatory systems.
AMCOS will provide an ideal atmosphere for young researchers, enhancing scientific
exchange and stimulating fruitful discussions across different fields.
The main topics of the conference comprise both (a) the modeling of complex systems
and the emergence of collective behavior, as well as (b) the analysis of complex data sets
in order to infer the underlying structure and functionality of networks. Particular focus
will be put on oscillatory phenomena in neuroscience.

COSMOS
The AMCOS Conference is organized by the Early Stage Researchers (ESRs) of the Marie
Curie Initial Training Network led by Arkady Pikovsky of Potsdam Univeristy. COSMOS
trains 15 ESRs at the interface between Physics, Applied Mathematics, and Life Sciences,
integrating theoretical and data-driven methods, in 7 universities across Europe.

Organizing committee
Gloria Cecchini
Marco Faggian
Aleksandra Pidde
Rok Cestnik
R. Janis Goldschmidt Bastian Pietras
Pau Clusella
Marc Grau Leguia
Eero Satuvuori
Nicolás Deschle Maxime Lucas
Çağdaş Topçu
Federico Devalle Irene Malvestio
Clément Zankoc
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Timetable

CT: Contributed Talk, IS: Invited Speaker, KL: Keynote Lecture, IT: Invited Talk.

Monday, 19 of March – Tutorial
8:30–9:00
9:00–10:30
10:30–11:00
11:00–12:30
12:35–14:00
14:00–15:30
15:30–16:00
16:00–17:30

∗

Registration
Arkady Pikovsky
Hierarchy of synchronization
Potsdam, Germany
models
∗
Coffee
Michael Rosenblum
Synchronization approach to data
Potsdam, Germany
analysis
∗
Lunch
Ralph G. Andrzejak
A brief introduction to nonlinear
Barcelona, Spain
time series analysis
Coffee ∗
Understanding real-world systems
Aneta Stefanovska
from the perspective of
Lancaster, UK
time-varying dynamics

Lunches and coffee breaks were provided by the UPF through the COSMOS consortium.
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Tuesday, 20 of March
8:30–9:00
9:00–9:10
9:10–10:05

IS

10:05–10:30

CT

10:30–11:00
11:00–11:40

IS

11:40–12:10

CT

12:10–12:45

IS

12:45–14:00
14:00–14:30

CT

14:30–15:05

IS

15:05–15:30
15:30-16:00

CT

16:00-16:40

IS

16:40–17:10

CT

17:10–19:30

∗
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Registration
Welcome remarks
Network dissimilarity measure and
Cristina Masoller
application to brain network
Barcelona, Spain
differentiation
Claudius Gros
Embodied locomotion through
Frankfurt, Germany
self-organized frequency locking
Coffee ∗
Diego Pazó
Recent findings on the Winfree
Santander, Spain
model
Franziska Peter
Emergence of a collective mode in
Potsdam, Germany
the finite size Kuramoto model
Rate-dependent tipping:
Peter Ashwin
non-autonomous dynamics and
Exeter, UK
critical transitions
∗
Lunch
Nonlinear dynamics and
Valérie Voorsluijs
fluctuation-induced behaviour in a
Brussels, Belgium
photosensitive oscillatory reaction
Phase reduction and
Hiroya Nakao
synchronization of rhythmic
Tokyo, Japan
spatiotemporal patterns
∗
Coffee
Phase amplitude coupling and
Soheila Samiee
epileptogenesis in an animal model
Montreal, Canada
of mesial temporal lobe epilepsy
Brain Songs: discovering the
Gustavo Deco
relevant timescale of the human
Barcelona, Spain
brain
Using nonlinear time series analysis
Cristina G. B. Martínez
to assess the interplay between
Barcelona, Spain
epilepsy and sleep
Poster session with Wine & Cheese

Lunches and coffee breaks were provided by the UPF through the COSMOS consortium.

Wednesday, 21 of March
cancelled

KL

9:40–10:10

CT

10:10–10:45

IS

10:45–11:15
11:15–11:55

IS

11:55–12:45

IS

12:45–14:00
14:00–14:30

CT

14:30–15:05

IS

15:05–15:30
15:30–16:00

CT

16:00–16:40

IS

16:40–17:10

CT

17:10–19:30

∗

Damián H. Zanette
San Carlos de Bariloche,
Argentina
Nicolas
Fourcaud-Trocmé
Lyon, France

Synchronization in micromechanical
oscillators

Evolution of slow and fast rhythm
networks during learning of an
olfactory discrimination task
Fluctuation-driven plasticity allows
Alex Roxin
for flexible rewiring on neuronal
Barcelona, Spain
assemblies
∗
Coffee
Perception and memory at the level
Florian Mormann
of single neurons in the human
Bonn, Germany
medial temporal lobe
Neuronal avalanches in cortex
Raffaella Burioni
dynamics and the synchronization
Parma, Italy
transition
∗
Lunch
Emergence of Riddled Basins of
Arindam Saha
Attraction in Delay-coupled
Oldenburg, Germany
FitzHugh-Nagumo Oscillators
Uncovering low-dimensional
Juan Restrepo
macroscopic chaotic dynamics of
Colorado, USA
large finite size complex systems
Coffee ∗
Igor Franovic
Switching dynamics in networks of
Belgrade, Serbia
stochastic rate-based neurons
Tilo Schwalger
Finite-size effects in the mesoscopic
Lausanne, Switzerland
dynamics of spiking neural networks
Helmut Schmidt
Network mechanisms underlying the
role of oscillations in cognitive tasks
Barcelona, Spain
Poster session with Wine & Cheese

Lunches and coffee breaks were provided by the UPF through the COSMOS consortium.
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Thursday, 22 of March
9:00-9:40

IS

9:40-10:10

CT

10:10–12:45

IS

10:45–11:10
11:10–11:40

CT

11:40–12:10

CT

12:10–12:45

IS

12:45–14:00
14:00–14:30

CT

14:30-15:00

CT

16:30–18:00
20:00

∗
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Synchronization of Kuramoto
Oscillators in Complex Networked
Systems
Giulia Cencetti
Dynamical invariance on complex
Florence, Italy
networks
Emergent Complex Network
Ginestra Bianconi
Geometry and Frustrated
London, UK
Synchronization
∗
Coffee
Géza Ódor
Effects of heterogeneity in power
Budapest, Hungary
grid network models
Otti D’Huys
Dynamics of networks with
Birmingham, UK
time-varying connections
Albert Díaz-Guilera
Synchronization in populations of
Barcelona, Spain
moving oscillators
∗
Lunch
Denis Goldobin
Synchronization of coupled active
Perm, Russia
rotators by common noise
Rico Berner
Hierarchical clusters in networks of
Berlin, Germany
adaptively coupled oscillators
Excursion
Conference Dinner
Yamir Moreno
Zaragoza, Spain

Lunches and coffee breaks were provided by the UPF through the COSMOS consortium

Friday, 23 of March
9:00 – 9:40

IS

9:40–10:20

IS

10:20–10:45

IT

10:45–11:10
11:10-11:40

CT

11:40–12:35

KL

12:35–12:45
12:45–14:00

∗

Jordi García-Ojalvo
Barcelona, Spain
Dante Chialvo
Buenos Aires, Argentina
Jörg Müller
Barcelona, Spain

Emergence of oscillations in
bacterial populations
Life at the edge, complexity and
criticality in biological function
Diversity in Science: exploring the
strength of research collaborations
Coffee ∗
Characterizing Cardiac Arrhyitmia
Alexander Schlemmer
using Multi-Dimensional
Göttingen, Germany
Permutation Entropy
Geometric aspects of the dynamics
Leon Glass
and diagnosis of cardiac
Montreal, Canada
arrhythmias
Poster Prize & Conclusion
Lunch ∗

Lunches and coffee breaks were provided by the UPF through the COSMOS consortium.
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List of Abstracts – Tutorials

Monday 19th
Hierarchy of synchronization models
Arkady Pikovsky, University of Potsdam, Potsdam, Germany
In this tutorial I discuss how synchronization phenomena can be described with models of
different complexity. First I outline the phase reduction method and elementary properties
of interaction of two coupled oscillators. Then properties of phase lattices are presented.
Finally, I will describe analytical methods due to Watabe-Strogatz and Ott-Antonsen
suitable for description of synchronization in mean-field models, and will discuss more
complex synchronized states beyond applicability of these approaches

Synchronization approach to data analysis
Michael Rosenblum, University of Potsdam, Potsdam, Germany
The tutorial presents data analysis techniques based on the theory of coupled oscillators.
The approach assumes that the multi-variate time series under study are outputs of
weakly-coupled self-sustained oscillators and that the signals are appropriate for phase
estimation. The main idea is to infer a model for phase dynamics of the observed network.
Analysis of this model yields the strength of directed links and, thus, represents an
approach to the connectivity problem, relevant for physiology, neuroscience, and other
fields. We demonstrate that our technique provides effective phase connectivity which is
close, though not identical to the structural one. However, for weak coupling we achieve
a good separation between existing and non-existing connections. We also discuss how
the frequencies and phase response curves of interacting units can be estimated. Next,
we extend the approach to cover the case of pulse-coupled neuron-like units, where only
times of spikes can be registered, so that the data represent point processes.
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A brief introduction to nonlinear time series analysis
Ralph G. Andrzejak, Universitat Pompeu Fabra, Barcelona, Spain
Suppose that you have measured a signal from a dynamical system and you want to know
if the system is deterministic or stochastic. In this tutorial we will illustrate how nonlinear
time series analysis can help you with this problem. We at first show how delay coordinates
allow us to reconstruct an estimate of the system’s state space representation. The
nonlinear prediction error is then used to quantify the degree to which similar momentary
states evolve in similar ways. Based on several examples we show that this predictability
is a sensitive but not specific criterion for a deterministic system. Finally, by using the
concept of surrogate signals we arrive at a more specific test for determinism. During
the tutorial we will use Matlab simulations to demonstrate the different steps of analysis.
The underlying scripts will be provided to the attendees.

Understanding real-world systems from the perspective of time-varying
dynamics
Aneta Stefanovska, Lancaster University, Lancaster, UK
Chaotic dynamics has long been used to model complex behaviour. Another approach is
through stochastic dynamics, where complexity is considered attributable to random noise,
e.g. by seeking parameters quantifying the noise without attempting to understand the
roles of individual components contributing to the complexity. We will introduce a new class
of systems where complexity may arise deterministically without being chaotic. Their main
characteristics are their oscillatory nature and time-dependent interactions, modulating
their amplitudes, phases, couplings, or a combination of these. We will illustrate that
systems of this class are very robust and that perturbing them can often, counterintuitively,
increase their stability, rather than destabilising them. Their stability is not evaluated
asymptotically, but via finite-time Lyapunov exponents, or via synchronization analysis.
This new class of systems is non-autonomous. We will show that the standard transformation, which makes non-autonomous systems autonomous, is inappropriate. We will
illustrate that in the time-series analysis of their signals, time should be taken into account
explicitly. We will review the application of existing methods including wavelet-based timefrequency representation, phase coherence, bispectral analysis, and Bayesian inference to
detect couplings and coupling functions in combination with surrogate data analysis using
the MODA toolbox developed at Lancaster. We will use examples from cardiovascular
and brain dynamics to illustrate the potential of mutually-modulating coupled oscillatory
systems to describe complex collective behaviour quite generally.
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List of Abstracts – Talks

Tuesday 20th
Synchronization in micromechanical oscillators
D. H. Zanette

KL

Grupo de Física Estadística e Interdisciplinaria - Centro Atómico Bariloche e Instituto
Balseiro, 8400 San Carlos de Bariloche, Río Negro, Argentina
Micromechanical oscillators are the key components of time-keeping devices in miniaturized
equipment. To overcome the effects of thermal and electronic noise, these oscillators
must work well inside a nonlinear regime, and their frequency is thus strongly dependent
on the oscillation amplitude. Frequency stabilization can be achieved by exploiting the
phenomenon of internal resonance, where different oscillation modes synchronize with
each other, and energy can be efficiently transferred between them. Starting with an
explanation of how clocks work, I will describe a theoretical model for internal resonance
between oscillation modes that accurately explains experimental results. The model
predicts nontrivial properties of the stability of oscillations, and correctly reproduces some
recently observed phenomenology, that might become very important in technological
applications, but that still lacks a clear physical explanation.
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Embodied locomotion through self-organized frequency locking
C. Gros1 , F. Kubandt1 , B. Sándor1,2
1
2

Institute for Theoretical Physics, Goethe University Frankfurt, Frankfurt a. M., Germany
Department of Physics, Babes-Bolyai University, Cluj-Napoca, Romania

Embodied locomotion corresponds to attractors in the sensorimotor loop, that is in the
feedback loop made up by the controlling neurons, the actuators and the reaction of the
environment. We present several types of simulated and real-world robots for which every
actuator is controlled separately by a maximum of two rate encoding neurons. Complex
self-organized behavior in the form of either limit cycles and chaotic attractors arises,
leading respectively to regular and exploratory locomotion.
For the case of wheeled robots we find that the individual wheels correspond to regular
oscillators with natural frequencies that are determined by the feedback parameters of the
sensorimotor loop. The individual wheels are in our approach fully independent, using only
the own rotational angle as incoming sensory information. Explicit cross-wheel controlling
or coordination is absent. The wheels are however coupled indirectly via the physics of
the body of the robot whenever they experience non-equal environmental feedbacks.

15
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We find that the indirect coupling of the limit cycles driving the individual wheels leads to
cross-wheel frequency locking and, as a consequence, to robust locomotion. We propose
self-organized in-and out-of-phase frequency locking of limb movements as a possible
mechanism for the generation of non-trivial gaits.
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Train of passively coupled two-wheel cars. The wheels n = 1, .., 10 are controlled independently
by a single rate encoding neuron that receives as an input cos(ϕn ), where ϕn is the rotational
angle of the respective wheel. The output of the neuron corresponds to the driving torque. There
is no cross-wheel or cross-car controlling. The parameters of the individual sensorimotor feedback
loops, which differ slightly, give rise to natural frequencies νn . (left) The power spectrum of the
ten wheels for a train suspended in the air. The wheels rotate independently with their respective
natural frequencies. (right) The ten wheels rotate on average with the same frequency when the
train is moving on the ground, with a residual chaotic component giving rise to higher frequency
side bands (beyond the scale). (online, click for movie).
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Recent findings on the Winfree model
D. Pazó

IS

University of Cantabria, Santander, Spain
In 1967, Arthur Winfree proposed a mathematical model, consisting of many pulsecoupled phase oscillators, that successfully replicated the natural phenomenon of collective
synchronization, and initiated a prolific research program. In this talk, I present a powerful
mathematical reduction of the Winfree model to a small number of equations, permitting
to analyze the influence of the phase response curve and the pulse shape. Recent
applications and extensions of the model will be also outlined.

Emergence of a Collective Mode in the Finite Size Kuramoto Model
F. Peter1 , A. Pikovsky1,2
1
2

Institute of Physics and Astronomy, University of Potsdam, Germany
Research Institute for Supercomputing, Nizhny Novgorod State University, Russia

The current literature on the finite size Kuramoto model mainly focuses on the scaling
of fluctuations around the criticality. We consider the system from a different point of
view, discussing the onset of a collective mode, the dependence on the natural frequency
distribution, and the diffusion of the sub-critical global phase in this finite system. We
introduce the temporal minimum of the order parameter as an indicator for the emergence
of a collective mode in the finite model, corresponding to a critical coupling strength.
Further, we discuss the variability of this critical coupling and the frequency of the
collective mode as effects of the sampling distribution of the natural frequencies: Shape
and symmetry of a finite sample generally deviate slightly from the underlying distribution.
We find that in the infinite model the shape of the natural frequency distribution determines
the curve progression of order parameter against coupling strength, while asymmetries
affect the global frequency. In the finite model, we find the same effects with strong
correlation. The discussion of the stability of sub-critical synchronization of oscillators
with close natural frequencies and of the sub-critical global phase completes the picture.
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Uncovering low-dimensional macroscopic chaotic dynamics of large
finite size complex systems
J. G. Restrepo

IS

University of Colorado, USA
In the last decade it has been shown that a large class of phase oscillator models admit
low dimensional descriptions for the macroscopic system dynamics in the limit of an
infinite number N of oscillators. The question of whether the macroscopic dynamics
of other similar systems also have a low dimensional description in the infinite N limit
has, however, remained elusive. In this talk I’ll show how techniques originally designed
to analyze noisy experimental chaotic time series can be used to identify effective low
dimensional macroscopic descriptions from simulations with a finite number of elements.
As an example, this approach will be applied to an ensemble of globally coupled LandauStuart oscillators for which low dimensional macroscopic chaotic behavior is found with an
effective 4-dimensional description. By using this description, one can calculate dynamical
invariants such as Lyapunov exponents and attractor dimensions. One could also use the
reconstruction to generate short-term predictions of the macroscopic dynamics.
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Nonlinear dynamics and fluctuation-induced behavior in a photosensitive oscillatory reaction
V. Voorsluijs1,2 , I. G. Kevrekidis3,4 , Y. De Decker1,2
1

Center for Nonlinear Phenomena and Complex Systems (CENOLI), Université librede
Bruxelles (ULB), Campus Plaine, C.P. 231, B-1050 Brussels, Belgium.
2
Nonlinear Physical Chemistry Unit, Université libre de Bruxelles (ULB), CampusPlaine,
C.P. 231, B-1050 Brussels, Belgium.
3
Departments of Chemical and Biomolecular Engineering and Applied Mathematicsand
Statistics, Johns Hopkins University, Baltimore, MD 21218, USA.
4
Department of Urology, Johns Hopkins School of Medicine, Baltimore, MD 21218,
USA.
The photosensitive Belousov-Zhabotinsky (pBZ) reaction has been used extensively to
study the properties of chemical oscillators. In particular, recent experiments revealed
the existence of complex spatiotemporal dynamics for systems consisting of coupled
micelles (V < 10 − 21L) or droplets (V ≈ [10−8 − 10−11 ]L) in which the pBZ reaction
takes place [1-4]. These results have been mostly understood in terms of reactiondiffusion models. However, in view of the small size of the droplets and micelles, large
fluctuations of concentrations are to be expected. In this work, we investigate the role
of fluctuations on the dynamics of a single droplet with stochastic simulations of an
extension of the Field-Körös-Noyes (FKN) model taking into account the photosensitivity.
The birhythmicity and chaotic behaviors predicted by the FKN model in the absence of
fluctuations become transient or intermittent regimes whose lifetime decreases with the
size of the droplet. Simple oscillations are more robust and can be observed even in small
systems (V > 10−12 L), which justifies the use of deterministic models in microfluidic
systems of coupled oscillators. The simulations also reveal that fluc-tuations strongly
affect the efficiency of inhibition by light, which is often used to control the kinetics of
these systems : oscillations are found for parameter values for which they are supposed
to be quenched according to deterministic predictions.
References
[1] Toiya, M. ; Vanag, V. K. ; Epstein, I. R. Angew. Chem. Int. Ed. 2008, 47, 7753–7755.
[2] Toiya, M. ; González-Ochoa, H. O. ; Vanag, V. K. ; Fraden, S. ; Epstein, I. R. J.
Phys. Chem. Lett. 2010, 1, 1241–1246.
[3] Delgado, J. ; Li, N. ; Leda, M. ; González-Ochoa, H. O. ; Fraden, S. ; Epstein, I. R.
Soft Matter 2011, 7, 3155–3167.
[4] Tompkins, N. ; Li, N. ; Girabawe, C. ; Heymann, M. ; Ermentrout, G. B. ; Epstein, I.
R. ; Fraden, S. Proc. Natl. Sci. U. S. A. 2014, 111, 4397–4402.
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Phase reduction and synchronization of rhythmic spatiotemporal patterns
H. Nakao

IS

Tokyo Institute of Technology, Tokyo, Japan
Synchronization of self-sustained oscillators is widely observed in mechanical, chemical, and
biological systems. The phase-reduction method for weakly coupled limit-cycle oscillators
is one of the standard methods for analyzing their synchronization dynamics. The method
has mostly been used for analyzing low-dimensional limit-cycle oscillators described by
ordinary differential equations, but it has recently been generalized to high-dimensional,
complex oscillatory systems as well. In this talk, the phase-reduction method is formulated
for reaction-diffusion systems exhibiting rhythmic spatiotemporal patterns and networked
dynamical systems exhibiting collective oscillations, and is used to analyze their complex
synchronization dynamics. As a simple application, optimization of coupling schemes to
achieve stable mutual synchronization is also considered.
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Phase-Amplitude Coupling and Epileptogenesis in an Animal Model
of Mesial Temporal Lobe Epilepsy
S. Samiee1,2 , M. Lévesque2 , M. Avoli2,3 , S. Baillet1,2
1

McConnell Brain Imaging Centre
Montreal Neurological Institute, and Department(s) of Neurology & Neurosurgery and
of
3
Physiology, McGill, University, Montreal, QC, Canada.
2

Polyrhythmic coupling of oscillatory components in electrophysiological signals results from
the interactions between neuronal sub-populations within and between cell assemblies.
Since the mechanisms underlying epileptic disorders should affect such interactions,
abnormal level of cross-frequency coupling is expected to provide a signal marker of
epileptogenesis. We measured phase-amplitude coupling (PAC), a form of cross-frequency
coupling between bursts of high-frequency oscillations and the phase of lower frequency
rhythms, in a rodent model of mesial temporal lobe epilepsy. Sprague-Dawley rats (n = 4,
250-300 g) were injected with pilocarpine (380 mg/kg, i.p) to induce a status epilepticus
(SE) that was stopped after 1 h with diazepam (5 mg/kg, s.c.) and ketamine (50
mg/kg, s.c.). Control animals (n = 6) did not receive any treatment. Three days after
SE, all animals were implanted with bipolar electrodes in the hippocampal CA3 subfield,
entorhinal cortex, dentate gyrus and subiculum. Continuous video/EEG recordings were
performed 24/7 at a sampling rate of 2 kHz, over 15 consecutive days. Pilocarpine-treated
animals showed interictal spikes (5.25 (±2.5) per minute) and seizures (n = 32) that
appeared 7 (±0.8) days after SE. We found that CA3 was the seizure onset zone in
most epileptic animals, with stronger ongoing PAC coupling between seizures than in
controls (Kruskall-Wallis test: chi2 (1,136) = 46.3, Bonferroni corrected, p < 0.001).
Strong PAC in CA3 occurred between the phase of slow-wave oscillations (< 1 Hz) and
the amplitude of faster rhythms (50-180 Hz), with the strongest bouts of high-frequency
activity occurring preferentially on the ascending phase of the slow wave. We also identified
that cross-frequency coupling was positively correlated with the daily number of seizures
in CA3 (rho= 0.44, p < 0.001), and subiculum (r = 0.40, p < 0.001). Overall, our study
demonstrates that cross-frequency coupling may represent a signal marker in epilepsy and
suggests that this methodology could be transferred to clinical scalp EEG recordings.
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Brain Songs: Discovering the relevant timescale of the human brain
G. Deco

IS

Universita Pompeu Fabra, Barcelona, Spain
The main aim of the paper is to detect what timescale of brain processing is most relevant.
Until now, relevancy was assumed to be given by the spatial brain maps found in fMRI data,
i.e. resting state networks. The timescale of these networks are found to be ultraslow
(below 0.1Hz) and therefore fMRI has been seen as a good tool. Nevertheless, other
timescales may be equally or more relevant when considering spatiotemporal dynamic
features beyond static spatial maps derived from averaged signals. Here we use a novel
technique, ‘brain songs’, which uses whole-brain modelling of fMRI to derive whole-brain
neural dynamical activity at the millisecond scale. We show that this allows us to address at
what timescale the spatiotemporal dynamical features are most relevant for the broadcast
of information across the whole brain. In particular, systematical investigation of the
many timescales from milliseconds to many seconds provides evidence for an optimal
timescale which creates a rich spatiotemporal dynamical repertoire of brain. Using a
number of independent measures of entropy and hierarchy, characterizing the richness
of the dynamical repertoire, we show that they have optima at the relevant timescale of
200-400 ms, which is consistent with the emerging evidence for a similar timescale for
signals to be broadcast across the brain. More generally, our novel ‘brain songs’ technique
uses the appropriate statistical testing tools that allows empirical investigations to recover
the many timescales of neural signals at the whole-brain level significantly improving on
the natural constraints of the tools used.
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Using nonlinear time series analysis to assess the interplay between
epilepsy and sleep
C. G.B. Martínez1 , J. Niediek2 , F. Mormann2 , R. G. Andrzejak1,3
1
2
3

Universitat Pompeu Fabra, Barcelona, Spain
Department of Epileptology, University of Bonn, Germany,
Institute for Bioengineering of Catalonia (IBEC), Barcelona, Spain,

Synchronization in neuronal dynamics plays an important role for the functions and
dysfunctions of the brain. Strong synchronization of brain dynamics can be found for the
physiological process of sleep. On the other hand, neuronal diseases, such as epilepsy,
are known to go along with disturbances of synchronization. The objective of this study
is to assess the interplay of both phenomena. For this purpose, we analyze all-night
electroencephalographic (EEG) recordings from epilepsy patients. These recordings were
performed with hybrid depth electrodes which are a combination of cylindrical macrocontacts with recording surfaces of the order of square millimeters and micro-wires with a
diameter of 40 micrometers. We use nonlinear signal analysis techniques to characterize
these recordings. In particular, we assess synchronization via the predictability of individual
signals, separately on the two different spatial scales of recording. Our aim is to assess
whether this type of analysis can contribute to the localization of the seizure onset zone,
the brain region from which epileptic seizures start. Achieving this goal could help to
improve the diagnostics in epilepsy patients.
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Wednesday 21st
Network dissimilarity measure and application to brain network differentiation
C. Masoller
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Universitat Politecnica de Catalunya, Barcelona, Spain
We propose a discriminative and computationally efficient metric to distinguish and
quantify graph dissimilarities, which is based on the comparison of the set of probability
distribution functions, pi(j), that represent the node’s connectivity distances (pi(j) being
the fraction of nodes that are connected to node i at distance j) [1]. The distance metric
is applied to brain networks constructed through electroencephalography exams (EEG).
Time-series recorded from control and alcoholic subjects are mapped to graphs via the
horizontal visibility graph algorithm [2]. We are able to detect two regions of the brain
called ‘nd’ and ‘y’, where the weight of the connections between these regions is higher in
control than in alcoholic networks. In contrast, when considering the Hamming distance,
it is not possible to distinguish between the two groups.
References
[1] T. A. Schieber, L. Carpi, A. Diaz-Guilera, P. M. Pardalos, C. Masoller and M. G.
Ravetti, “Quantification of network structural dissimilarities”, Nat. Comm. 8, 13928
(2017).
[2] B. Luque, L. Lacasa, F. Ballesteros, J. Luque, “Horizontal visibility graphs: exact
results for random time series”, Phys. Rev. E 80, 046103 (2009).
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Evolution of slow and fast rhythm networks during learning of an
olfactory discrimination
N. Fourcaud-Trocmé1,2 , L. Lefèvre1,2 , B. Messaoudi1,2 , N. Buonviso1,2
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Neuronal oscillations have been correlated to behavior or learning and are thought to be a
brain feature providing a temporal structure facilitating information processing and interarea communication. We previously reported that, during an olfactory discrimination task,
olfactory sampling pattern – measured as sniffing behavior – 1) is shaped by the acquisition
of the procedure and 2) is adjusted as a function of odorant molecules to discriminate.
In this study, we looked for the neuronal correlates of such sniffing adjustments in a
set of brain areas supposed to be involved in the discrimination task (including sensory,
motor and limbic areas). We focused on the oscillatory Local Field Potential signal in 2
frequency ranges: i) theta range (1-10Hz) which includes animal respiration frequency
and hippocampal rhythm, ii) and beta range (15-30Hz) which has been shown to be
profoundly affected by learning in olfactory bulb and hippocampus. In the theta range,
preliminary analyses showed that hippocampal and respiratory rhythms were in a close
frequency range but with only a short window allowing for phase synchronization (1 or 2
cycles) whose strength was correlated with animal success. Network analysis based on
spectral connectivity measure shows that both rhythms are supported by two distincts
but overlapping networks. In the beta range, a large oscillation emerges at the end of
odor sampling as the rat is learning the discrimination task. This oscillation is coordinated
across different brain areas. The beta amplitude evolves during learning and we showed it
closely follows rat knowledge of the task environment (odor pair presented and reward
locations). Current investigations look at how fluctuations of the beta rhythm across
areas could correlate, at the single trial level, with presented stimuli, animal behavior or
performance.
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Fluctuation-driven plasticity allows for flexible rewiring of neuronal
assemblies
A. Roxin
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Cortical circuitry is shaped through ongoing synaptic plasticity. However, network models
in which recurrent synaptic connections change via Hebbian plasticity rules are unstable:
synapses become maximally potentiated or depressed, effectively erasing all nontrivial
structure in the connectivity. One solution to this dilemma is to include additional
homeostatic mechanisms to offset Hebbian instabilities, e.g. (Zenke and Gerstner 2017).
Here I will discuss an alternative scenario of a balanced plasticity rule; balance here refers
to the fact that given constant firing rates the rates of potentiation and depression are
equal and opposite. Rather, net potentiation or depression only occurs when the firing
rates of neurons covary in time. I show that standard heuristic STDP (spike-timing
dependent plasticity) rules can have this property. Furthermore, I show how external
time-varying signals can be used to flexibly control the network structure. As an example,
neuronal assemblies can be strongly coupled, decoupled, or uni-directionally coupled by
driving them with oscillatory signals with distinct phase lags.

Perception and memory at the level of single neurons in the human
medial temporal lobe
F. Mormann
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The human medial temporal lobe contains neurons that respond to the semantic contents
of a presented stimulus. These "concept cells" may respond to very different pictures of
a given person and even to their written or spoken name. Their response latency is far
longer than necessary for object recognition, and they are found in brain regions that are
crucial for declarative memory formation. It has thus been hypothesized that they may
represent the semantic "building blocks" of episodic memories. In this talk I will present
data from single unit recordings in the hippocampus, entorhinal cortex, parahippocampal
cortex, and amygdala during paradigms involving perception as well as encoding and
consolidation of episodic memories in order to characterize the role of concept cells in
these cognitive functions.

23

Neuronal Avalanches in cortex dynamics and the synchronization transition
R. Burioni
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The cerebral cortex exhibits spontaneous activity even in the absence of any task or
external stimuli. A salient aspect of this resting-state dynamics, as revealed by in vivo and
in vitro measurements, is that it exhibits several patterns, including collective oscillations,
emerging out of neural synchronization, as well as highly-heterogeneous outbursts of
activity interspersed by periods of quiescence, called “neuronal avalanches”. Here we
analyze the large-scale collective properties of the cortex by using a mesoscopic approach,
similar to that of Wilson-Cowan for neural dynamics, but including stochasticity, space,
and synaptic plasticity and inhibition as possible regulatory mechanisms. Detailed analyses
uncover a phase diagram including down-states, synchronous, asynchronous, and upstate phases, and reveal that empirical findings for neuronal avalanches are consistently
reproduced by tuning our model to the edge of a synchronization transition.

Emergence of Riddled Basins of Attraction in Delay-coupled FitzHughNagumo Oscillators
A. Saha, U. Feudel
Theoretical Physics/Complex Systems, ICBM, University of Oldenburg, 26129 Oldenburg,
Germany
Extreme events are rare, recurrent and irregular events which have a large impact on the
system. Previous works have studied in detail, the generation mechanisms, impact and
possible precursors of these events due to their occurrence in a variety of physical systems
including oceans, atmosphere, lasers, ecological communities and financial markets. In the
work presented here, we analyze a system of two FitzHugh-Nagumo oscillators coupled
using multiple delay couplings which is known to exhibit extreme events. We show that
in a multistable regime — where one of the attractors correspond to extreme events
— the basin of attraction corresponding to extreme events is riddled. As a result, the
phase space is partitioned into ‘pure’ and “mixed" regions, where trajectories starting
from the pure regions are certain not to exhibit extreme events; the trajectories starting
from the mixed regions may or may not exhibit extreme events. We also verify the riddled
nature of the basins of attraction by computing the uncertainty exponent using final
state sensitivity method. We, therefore, demonstrate the existence of riddled basins of
attraction in delay-coupled systems for the first time.
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Rate-dependent tipping: non-autonomous dynamics and critical transitions
P. Ashwin
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In this talk I will discuss recent work on qualitative transitions that appear in nonautonomous dynamical systems, where the changes in qualitative behaviour appear on
varying the path through parameter space. By focussing on problems that asymptotically
limit to autonomous systems in forwards and backwards time (but with different limiting
systems) it is possible to construct to understand rate-dependent tipping behaviour of
such “parameter shifts” in terms of properties of the pullback attractor for the associated
non-autonomous system.
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Clustering enhances switching dynamics in networks of stochastic
rate-based neurons
I. Franović1
Scientific Computing Laboratory, Center for the Study of Complex Systems,Institute of
Physics Belgrade, University of Belgrade,
Macroscopic variability is an emergent property of neural networks, typically manifested in
slow rate oscillations, which consist in spontaneous switching between the episodes of
elevated neuronal activity and the quiescent episodes. The switching dynamics between
the collective states is especially relevant for activity of neocortical pyramidal neurons, and
is believed to facilitate or mediate different types of learning and memory. We investigate
the conditions that facilitate switching dynamics, focusing on the interplay between
the different sources of noise and the heterogeneity in network topology. We consider
clustered networks of rate-based neurons subjected to external and intrinsic noise, and
derive a reduced model which describes the collective network dynamics in terms of a set
of coupled second-order stochastic mean-field systems associated to each of the clusters.
The model allows one to estimate the different contributions to effective macroscopic
noise and qualitatively indicates the parameter domains where switching dynamics may
occur. By analyzing the corresponding mean-field models in the thermodynamic limit,
we demonstrate the differences in mechanisms behind the switching phenomenon in
non-clustered and clustered networks. In case of a non-clustered random network, the
mechanism resembles the motion of a noisy particle in a double-well potential. The
mechanism changes due to clustering, which is shown to promote multistability. This
makes the switching phenomenon gain robustness, occurring in the considerably broader
parameter region than in the case of a non-clustered network.
References
[1] I. Franović and V. Klinshov, EPL 116, 48002 (2016).
[2] I. Franović and V. Klinshov, submitted to Chaos (2017).
[3] V. Klinshov and I. Franović, Phys. Rev. E 92, 062813 (2015).
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Finite-size effects in the mesoscopic dynamics of spiking neural networks
T. Schwalger
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Understanding emergent dynamical behavior in the brain requires coarse-grained models
at varying scales. Neural population equations such as Wilson-Cowan equations or field
models are widely used to model brain activity on the mesoscopic or macroscopic scale. It
is unclear, however, how such large-scale models relate to underlying biophysical properties
at the microscopic scale. Here we derive stochastic population equations at the mesoscopic
level starting from a microscopic network model of spiking neurons. The coarse-grained
model accounts for temporal correlations due to pronounced spike-history dependencies at
the single neuron level such as refractoriness and adaptation. The stochastic population
equations accurately reproduce stationary and non-stationary mesoscopic activity obtained
from a direct simulations of the microscopic model. Going beyond classical mean-field
theories for infinite N, our theory describes finite-size-induced emergent phenomena such
as stochastic transitions in multistable networks and synchronization in balanced networks
of excitatory and inhibitory neurons. We also use the mesoscopic equations to efficiently
simulate a model of a cortical microcircuit. Our theory opens the door for analytically
tractable models of spiking neuron populations that can be used to understand dynamics
and computations on the mesoscopic level.
References
T. Schwalger, M. Deger, and W. Gerstner. PLoS Comput. Biol., 13(4):e1005507, 2017.
http://dx.doi.org/10.1371/journal.pcbi.1005507
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Network mechanisms underlying the role of oscillations in cognitive
tasks
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1
2
3
4

Centre de Recerca Matemàtica, Campus UAB Edifici C, 08193 Barcelona, Spain
Barcelona Graduate School of Mathematics, Barcelona, Spain
School of Mathematical Sciences, University of Nottingham, Nottingham, UK
Center for Brain and Cognition, Universitat Pompeu Fabra, Barcelona, Spain

Oscillations are observed consistently during many cognitive tasks, and correlate with
task de-mand. However, it is still unclear how these rhythms are generated, and to what
extend they play a functional role, as opposed to being a mere epiphenomenon. We study
the mechanisms underly-ing the influence of oscillatory drive on network dynamics related
to cognitive processing in simple working memory tasks. Specifically, we investigate how
the frequency of oscillatory input interacts with the intrinsic dynamics in networks of
recurrently coupled spiking neurons to cause changes of state: the neuronal correlates
of the corresponding cognitive process. We find that slow oscillations, in the delta and
theta band, are effective in activating network states associated with memory recall by
virtue of the hysteresis in sweeping through a saddle-node bifurcation. On the other hand,
faster oscillations, in the beta range, can serve to clear memory states by resonantly
driving transient bouts of spike synchrony which destabilize the activity. We also show
that high-gamma oscillations give rise to selective gating of external tonic inputs, and
that the system’s response is disrupted when these oscillations stop. At the core of
the mathematical investigation is a set of exact mean-field equations for networks of
quadratic integrate-and-fire neurons to systematically study the bifurcation structure in the
periodically forced spiking network. Interestingly, we find that the oscillatory signals which
are most effective in allowing flexible switching between network states are burst-like, with
a sharp onset. We show that such periodic bursts themselves readily arise spontaneously
in networks of excitatory and inhibitory neurons, and that the burst frequency can be
tuned via changes in tonic drive.
References
[1] E. Montbrió, D. Pazó, A. Roxin. Macroscopic Description for Networks of Spiking
Neurons, Phys Rev X, 5:021028.
[2] H. Schmidt, D. Avitabile, E. Montbrió, A. Roxin. Macroscopic Response of Quadratic
Integrate-and-Fire Neurons to Oscillatory Forcing, in preparation.
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Synchronization of Kuramoto Oscillators in Complex Networked Systems
Y. Moreno
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In this talk, we will revise the main results concerning the synchronization of Kuramoto
Oscillators in complex topologies. First, we describe several analytical attempts that have
been proposed to describe the onset of synchronization dynamics in a structured population
of (Kuramoto) oscillators. We also analyze, both analytically and numerically, the stability
of the fully synchronized state. Then, we highlight the differences in the path to full
synchronization when the underlying networks are either homogeneous or heterogeneous.
Finally, we show that a population of Kuramoto oscillators can exhibit an abrupt (explosive)
transition towards synchronization.
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Dynamical invariance on complex networks
P. Clusella1,2 , G. Cencetti3,4 , D. Fanelli2,4
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Given a reaction-diffusion system on a complex undirected network, we propose two
different techniques to modify the network topology while preserving its dynamical behaviour. In the region of parameters associated to the Benjamin-Feir instability, the
homogeneous solution is spontaneously destabilized when introducing the network of
connections. Therefore, any perturbation grows through the unstable directions giving
raise to irregular spatio-temporal patterns. We exploit the spectral properties of the
Laplacian operator associated to the graph in order to modify its topology while preserving
the unstable manifold of the fixed point. The new network therefore reproduces the
dynamical response to a perturbation of the original system. The first method acts directly
on the eigenmodes, thus resulting on a general redistribution of link weights which in some
cases can completely change the structure of the original network. The second method
uses localization properties of the eigenvectors to identify and randomize a subnetwork
that is mostly embedded only into the stable manifold. We test both techniques on
different network topologies using the Ginzburg-Landau system as a reference model, as
well as a comparison with the Brusselator model. Whereas using the first method the
correlation between the original dynamics and the new one is larger, the second method
allows for a greater control at the level of single nodes. This work opens a new perspective
on the multiple possibilities for the choice of a discrete spatial support so as to obtain a
chosen behavior as a result of a generic reaction-diffusion system.
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Emergent Complex Network Geometry and Frustrated Sychronization
G. Bianconi
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The dynamics of networks of neuronal cultures has been recently shown to be strongly
dependent on the network geometry and in particular on their dimensionality. However, this
phenomenon has been so far mostly unexplored from the theoretical point of view. Here
we reveal the rich interplay between network geometry and synchronization of coupled
oscillators in the context of a simplicial complex model of manifolds called Complex
Network Manifold. The networks generated by this model combine small world properties
(infinite Hausdorff dimension) and a high modular structure with finite and tunable spectral
dimension. We show that the networks display frustrated synchronization for a wide range
of the coupling strength of the oscillators, and that the synchronization properties are
directly affected by the spectral dimension of the network.

Effects of heterogeneity in power-grid network models
G. Ódor, B. Hartmani
Centre for Energy Research of the Hungarian Academy of Sciences
We have compared the phase synchronization transition of the second order Kuramoto
model on 2D lattices and on large, synthetic power-grid networks, generated from real
data. The latter are weighted, hierarchical modular networks, obtained from anlysis of
European electrical systems. Due to the inertia the synchronization transitions are of first
order type, characterized by fast relaxation of the order parameter (R) and hysteresis,
by varying the global coupling parameter K and R. Finite size scaling analysis shows
that the transition point scales with the system size: N as K/N, thus there is no real
phase transition in the thermodynamic limit, unlike in the mean-field model. The order
parameter fluctuations do not depend on the network size. In case of the power-grids
the phase synchronization is weaker and breaks down at a higher K/N, than in case of
2D lattices. The temporal behavior of de-synchronization avalanches has been followed
and duration distributions with power-law tails have been detected below the transition in
case of quenched, intrinsic frequencies of the nodes. This suggests rare region effects,
resulting in scale-free distributions, even without a self organization mechanism.
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Dynamics of networks with time-varying connections: on the interplay
of node dynamics, coupling delays and network fluctuations
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1

Department of Mathematics, Aston University, B7 4ET Birmingham, United Kingdom
Departamento de Física Fundamental, UNED, Spain
3
G. Nadjakov Inst. Solid State Physics, Bulgarian Academy of Sciences, 1784, Sofia,
Bulgaria
2

Coupling delays are ubiquitous in many real-life networks: it takes time for information
to travel in communication networks, or between coupled optical elements. In the brain
a coupling delay between interacting neurons arises from the conduction time of an
electric signal along the axon. Here, we study the effect of a topology that changes over
time in such delay-coupled networks. Network fluctuations are essential features of, for
instance, interacting neurons, where synaptic plasticity continuously changes the topology
or networks modeling social interactions. We consider a topology that varies among an
ensemble of directed small-world networks of oscillatory and chaotic nodes, with constant
mean degree. The dynamics is characterized by three timescales: the internal time scale
of the node dynamics Tin , the connection delay along the links Td , and the timescale
of the network fluctuations Tn . Evaluating the synchronization properties, we find that,
when the network fluctuations are much faster than the other time scales (Tn  Tin ,
Td ) the synchronized state is stabilized by the fluctuations (in agreement with the fast
switching approximation). When increasing the network time Tn , the synchronized state
destabilizes as time scales collide (Tn ≈ Td ). Synchronization is restored as the network
time increases further. In the slow network regime (Tn  Td  Ti n) we find that the
long-term dynamics is mostly desynchronized. We explain these findings with a Master
Stability Function approach. Two limit cases are analytically investigated: When the
network fluctuations are much faster than the internal time scale and the coupling delay
(Tn  Tin , Td ), the effective network topology is the average over the different topologies.
When coupling delay and network fluctuation time scales collide (Tin  Tn = Td ), the
effective topology is geometric mean over the different topologies (adjacency matrices).
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Synchronization in populations of moving oscillators
A. Díaz-Guilera
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Here we will show results obtained in our group concerning synchronization of populations
of moving oscillators. On the one hand, populations of identical Kuramoto oscillators
that move randomly on a plane, without considering excluded volume effects, enables to
obtain analytical results for the time needed to synchronize [1]; later on, we hace extended
this framework to locally interacting self-propelled particles for which synchronization
generically proceeds through coarsening verifying the dynamic scaling hypothesis, with
the same scaling laws as the the 2d XY model following a quench [2]. Our results shed
light into the generic nature of synchronization in time- dependent networks, providing an
efficient way to understand more specific situations involving interacting mobile agents.
Alternatively, we have also investigated synchronization in populations of integrate and
fire oscillators, showing that under restrictive conditions of connectivity, the time needed
for the population to synchronize is not a monotonous function of velocity [3].
References
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Synchronization of coupled active rotators by common noise
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We study the effect of common noise on coupled active rotators. While such a noise
always facilitates synchrony, coupling may be attractive (synchronizing) or repulsive
(desynchronizing). On the basis of the Ott-Antonsen theory, one can derive the finitedimensional equation system governing the collective dynamics of the system for the
case of global coupling. We develop an analytical approach based on a transformation
to approximate angle-action variables and averaging over fast rotations. For identical
rotators, we describe a transition from full to partial synchrony at a critical value of
repulsive coupling. For nonidentical rotators, the most nontrivial effect occurs at moderate
repulsive coupling, where a juxtaposition of phase locking with frequency repulsion (antientrainment) is observed. We show that the frequency repulsion obeys a nontrivial power
law. A.V.D. and D.S.G. acknowledge financial support by the Russian Science Foundation
(Grant No. -12-00090)

Hierarchical clusters in networks of adaptively coupled oscillators
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We investigate collective behaviour in a network of adaptively coupled phase oscillators.
The coupling topology of the networks changes slowly depending on the dynamics of
oscillators. We show that such a system gives rise to numerous dynamics, including relative
equilibria, hierarchical multi-cluster and chimera states. An analytic treatment of the
multi-cluster solutions as well as the existence of a continuous family of these states are
presented. A subsequent analysis reveals parameter regimes of high multi-stability of these
states. Our results contribute to the understanding of pattern formation mechanisms in
adaptive networks, such as emergence of multi-layer structure of neural systems.
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Emergence of oscillations in bacterial populations
J. Garcia-Ojalvo
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Bacterial biofilm communities have been shown to exhibit oscillations in their growth rate,
reflecting a periodic modulation in their stress levels. These oscillations are caused by a
metabolic interplay between the biofilm interior and its periphery, which is coordinated
by electrochemical signalling. Interestingly, the oscillations only emerge after the biofilm
reaches a minimum size. In this talk I will describe the emergence of these oscillations in
terms of both a minimal delay-differential equation model, and a biologically explicit model
that combines metabolic co-dependence and electrical signaling between the interior and
the periphery of the community.

Life at the edge, complexity and criticality in biological function
D. R. Chialvo
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Nacional de San Martin, San Martin, (1650), Buenos Aires, Argentina
The organisation of biological form and function is a classic problem, cut-crossing disciplines, which include a variety of complex spatiotemporal patterns. Historically, work first
focussed into understanding oscillations and, more recently, attention included scale-free
collective fluctuations, some of them shown to correspond to critical phenomena. In
this lecture we will review our work across several scales characterising such phenomena
in brain function and dynamics proteins and mitochondria networks.
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Diversity in Science: exploring the strength of research collaborations
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One of the most consistent global trends in science over the last decades concerns
the move from individual efforts of scientists to collaborative projects among several
researchers. Across most scientific disciplines the solitary researcher has been replaced by
collective efforts between individuals often distributed across organizations and countries.
Accompanying this trend are efforts to understand the “ingredients” of excellent research
teams. Social sciences, but also social psychology as well as social networks analysis have
all contributed to the understanding of successful collaborations. This contribution will
review the elements of excellent teams as well as highlighting how bias and stereotypes can
undermine optimal group performance. The presentation will be rounded up by examples
how diversity not only affects research collaboration but also improves the quality of the
produced science and engineering knowledge.
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Characterizing Cardiac Arrhythmia using Multi-Dimensional Permutation Entropy
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Permutation Entropy (PE) is a robust measure for the complexity of time series. A
prevalent application to cardiac systems can be found in the context of heart rate
variability analysis of electrocardiograms. Although the concept of PE has already been
extended to two dimensions, only few applications to multivariate spatiotemporal systems
have been considered, so far. By taking into account spatial and temporal information
at the same time, three-dimensional order patterns can be constructed that lead to a
spatiotemporal PE. We demonstrate the application of spatial and spatiotemporal PE
in the context of data analysis of cardiac arrhythmias. By comparing these measures to
phase singularity statistics we show that the spatiotemporal complexity of the system can
be efficiently estimated and analyse the influence of noise. Furthermore we illustrate that
it is possible to tune the parameters of both methods to scales of interest. We conclude
that spatial and spatiotemporal PE are flexible and robust measures for complexity analysis
of optical mapping data of cardiac systems.
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Geometric Aspects of the Dynamics and Diagnosis of Cardiac Arrhythmias
L. Glass
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Abnormally rapid heart rhythms, called tachycardias, can be generated by at least two
different mechanisms. In one, a localized pacemaker sets a rapid period and entrains
some or all of the heart. In the other, the period is set by the time it takes an excitation
to travel in some circuitous path. Such rhythms are called reentrant. I will discuss
experimental, theoretical and clinical aspects related to predicting patients who are at risk
for tachycardia, understanding the mechanisms by which tachycardias are initiated, and
treating tachycardias. I will describe various types of reentrant rhythms that are observed
in monolayer cardiac cell cultures grown in two geometries that underlie tachycardias:
an annulus and an annulus with an isthmus connecting antipodal regions of the annulus.
These geometries support reentrant rhythms in which there are one or more circulating
waves, as well as rhythms in which there are one or more rotors embedded in the annuli.
The experiments and models are relevant to current controversies surrounding mechanisms
and treatment of atrial fibrillation - a tachycardia in which the upper chambers of the
heart beat irregularly.
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Tailoring Echo State Networks for Optimal Learning
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As one of the most important paradigms of recurrent neural networks, the echo state
network (ESN) has been applied to a wide range of fields, from robotics to medicine, and
language processing. A key feature of the ESN paradigm is its reservoir —a directed
and weighted network— that represents the connections between neurons. Despite
numerous research efforts, the impact of reservoir topology in the performance of ESN
remains unclear. In this project we approach this fundamental question by working on the
frequency domain. First, we prove that adapting the frequency response of the neurons
in the reservoir to the specific task improves ESN performance. Second, we modify the
frequency response by adding cycles into the network, thus making the network resonate
at specific frequencies. Combining both results we can improve ESN performance, as we
show in various benchmark problemswhere we surpass state-of-the-art ESN. Our approach
provides a new way of designing more efficient recurrent neural networks and shed light
into the information processing properties of complex systems.
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Transient Dynamics of Cortical Networks Underpinning Slow Oscillations
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The default global state of the cortical networks has been proposed to be the generation
of slow oscillations (SO) of neural activity (∼ 1 Hz) emerging spontaneously in absence
of stimulation (e.g., during deep anaesthesia or slow-wave sleep) [1]. Slow oscillations
propagate across the network as waves, revealing properties of the underlying network [2].
Even when SO act as the default emergent pattern, the network can be driven into other
dynamical states by different means such as neuromodulators, changes in excitability,
etc.; grounding for example the transition from slow-wave sleep to wakefulness. Several
mechanims underlying these transitions are known, yet identifying the dynamical behaviour
elicited by different states of the network is still a major challenge. Experimental and
theoretical evidence suggests that their stability is strongly influenced by multiple network
parameters such as the input stimulus, the connectivity properties of the network, the
excitatory-inhibitory balance, the network’s spatial architecture and the type of noise [3].
However, current analysis tools fail to discern how cortical state dynamics precisely evolve
when the SO breaks down, although some mechanistic hypotheses have been proposed
in biophysical models [4]. The aim of our study has been to characterise the system’s
phase-portrait evolution when the slow-oscillations regime is perturbed and to map the
transient states with the network parameters. Through the analysis of 16-multichannel
LFP recordings of cortical slices, we evaluated the temporal and spatial propagation of
the activity under different experimental conditions including variations on the network
excitability levels. Our initial results show empirical evidence of a complex dynamical
pattern resembling an awake-like state, which could emerge from specific bifurcations of
the default SO dynamics. We next seek to detect the basins of attraction and transient
regions of the real and simulated networks by designing novel approaches for the analysis
of multiunit activity trajectories.
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We report on a novel collective state, occurring in globally coupled nonidentical oscillators
in the proximity of the point where the transition from the systems incoherent to coherent
phase converts from explosive to continuous. In such a state, the oscillators form
quantized clusters, where neither their phases nor their instantaneous frequencies are
locked. The oscillators instantaneous speeds are different within the clusters, but they
form a characteristic cusped pattern and, more importantly, they behave periodically in
time so that their average values are the same. Given its intrinsic specular nature with
respect to the recently introduced Chimera states, the phase is termed the Bellerophon
state. We provide an analytical and numerical description of Bellerophon states, and
furnish practical hints on how to seek them in a variety of experimental and natural
systems.
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Simple and complex chimera states in a nonlinearly coupled oscillatory
medium
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Chimera is, according to Greek mythology, a monstrous creature combining the parts of
different animals (a lion with a head of a goat and a tail of a snake). Physicists recently
adopted this name for complex states in nonlinear dynamical systems, where instead of
an expected symmetric synchronous state one observes coexistence of synchronous and
asynchronous elements. Since the discovery of chimeras by Kuramoto and Battogtokh in
2002, these states have been reported in numerous theoretical studies and experiments. We
have studied different chimera states in a one-dimensional medium of nonlinearly coupled
phase oscillators. Our setup is almost identical to that of Kuramoto and Battogtokh,
except for nonlinearity in coupling. This nonlinearity leads to novel effects. First, it allows
for a homogeneous partially synchronous state, which, however, becomes unstable in a
long medium. In the class of stationary (uniformly rotating) spatially inhomogeneous
regimes, together with the classical Kuramoto-Battogtokh chimera, we have observed
an inhomogeneous partially synchronous state, and a “hybrid" chimera consisting of two
domains of enhanced synchrony - one fully and another partially synchronous. Furthermore,
we observed how the oscillatory instability of stationary chimeras leads to the breathing,
periodically time modulated chimeras. In this regime, the synchronous domain breaks into
subdomains having different oscillator frequencies. The frequency profile consists of steps,
the step height is the modulation frequency. In large spatial domains, regular regimes
are typically unstable and one observes either a weakly chaotic state (nonperiodically
breathing chimera), or strong turbulence. The work was supported by RSF grants No
17-12-01534 and No 14-12-00811.
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Synchronization of chimera structures in multilayer networks of coupled nonlinear oscillators
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We present numerical results for mutual and external synchronization of chimera structures
in two coupled rings of nonlocally coupled chaotic maps. We study two types of multilayer
networks to demonstrate the generality of the synchronization effect. The first network
consists of two coupled networks of nonlocally coupled logistic maps with a control
parameter detuning in different rings. The second model represents a two-layer network
made of nonlocally coupled Henon and Lozi maps. We explore in detail the external and
mutual synchronization of the multilayer networks mentioned above. The identity of spatial
patterns in time and their existence in a finite region in the parameter plane are considered
to identify the synchronization effect. For this purpose we calculate the cross-correlation
coefficient between relevant elements of the coupled networks. Synchronized structures
are identical provided that the cross-correlation coefficient is equal to 1. This criterium is
used to construct a synchronization region in the control parameter planes. Finally, we
analyze numerically the stability of synchronous chimera structures in the presence of
noise.
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A reliable inference of networks from data is of key interest in many scientific fields such
as Neurosciences and physics of dynamical systems. Several methods have been suggested
in the literature to reliably determine links in a network. When a network is reconstructed,
two types of errors can occur: false positive and false negative errors about the presence
or absence of links. We analyse analytically the influence of these two errors on the vertex
degree distribution. Moreover, an analytic formula of the density of the biased vertex
degree distribution is presented. In the inverse problem, we find a reliable procedure to
reconstruct analytically the density of the vertex degree distribution of any network when
the biased one and the probabilities of false positive and false negative errors are given.
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Phase response curves are important for analysis and modeling of oscillatory dynamics in
various applications, in particular, in neuroscience. Standard experimental technique for
determining them requires isolating the system and applying a specifically designed input.
However, isolation is not always feasible and we are compelled to observe the system in its
natural environment under free-running conditions. To that end we propose an approach
relying only on passive observations of the system and its driving. We illustrate it by
results of simulation for an oscillator driven by stochastic force.

Noise-induced stabilization of collective dynamics
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We illustrate a counterintuitive effect of an additive stochastic force, which acts independently on each element of an ensemble of globally coupled oscillators. We show
that a very small white noise not only broadens the clusters, wherever they are induced
by the deterministic forces, but can also stabilize a linearly unstable collective periodic
regime: self-consistent partial synchrony. With the help of microscopic simulations we
are able to identify two noise-induced bifurcations. A macroscopic analysis, based on a
perturbative solution of the associated nonlinear Fokker-Planck equation, confirms the
numerical studies and allows determining the eigenvalues of the stability problem. We
finally argue about the generality of the phenomenon.
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Neural mass models are standard approaches to study the dynamics of neural populations.
They have been proven useful to describe various empirical observations like self-sustained
oscillations or brain rhythms and/or (distant) synchronization. Here we ask to what
extent these mass models really resemble the dynamics of the population, in particular
if the population is small and the connectivity within the population, i.e. the network
topology, is non-trivial. Starting from a network of noisy leaky integrate-and-fire (LIF)
neurons containing both excitatory and inhibitory alpha synapses, distinct approximation
schemes served to derive two different descriptions that both fall into the category of
Freeman neural mass models [1,2]. We compared the outcome of these neural mass
models with the averaged dynamics of the LIF population by contrasting the power spectral
densities they generate. Our detailed numerical analysis revealed a lower bound of the
population size for a neural mass model to provide a good approximation, even in the case
of uncoupled LIF neurons, which corresponds to a Freeman K0 set [3]. When introducing
complex connectivity, not only the population size but also the overall network degree
is another critical parameter for the validity of the neural mass models, in particular if
excitation and inhibition are balanced. For a certain range of sparsity, our neural mass
models fail to providing a proper description of the population, due to the presence of
partial synchronization in the network [4].
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Networks of inhibitory neurons robustly generate oscillations in the gamma band. However,
the corresponding Wilson-Cowan equations do not generate such oscillations without
an explicit time delay. Here we derive and thoroughly analyze a set of exact firing rate
equations for networks of quadratic integrate-and-fire neurons (QIF-FRE) with first
order synaptic kinetics. We find Hopf instabilities of the asynchronous state, which lead
to the emergence of gamma oscillations. We show that the discrepancy between the
traditional Wilson-Cowan equations and the QIF-FREs is due to a voltage-dependent
spike synchronization mechanism inherently present in networks of spiking neurons that
is not captured by traditional firing rate equations. This synchronization mechanism is
lost in the limit of slow synaptic kinetics, and the traditional Wilson-Cowan equations
are formally recovered as long as external inputs are also slow. Therefore, the QIF-FRE
represent an extension of the standard Wilson-Cowan model where spike synchronization
is adequately described.
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It is well known that complex dynamical evolution may originate from simple low dimensional dynamical systems when a time-delayed feedback mechanism is considered.
These may typically happen in systems where the propagation time of a signal is not
negligible with respect to the typical timescale of the local dynamics. Examples include
many biological systems and laser physics, where a long delayed feedback may be easily
obtained by optical or electronic device. In this latter case, it is well known that a deep
analogy exists between delayed feedback and spatially extended dynamical systems [1]. In
this work, experimental evidence of an absorbing phase transition is provided in a purely
temporal optical system: a bistable semiconductor laser with long-delayed opto-electronic
feedback and multiplicative noise, shows the peculiar features of a patio-temporal critical
phenomenon belonging to the directed percolation (DP) class. DP is a prototypical
non-equilibrium universality class so-far associated with spatio-temporal dynamics. These
findings are confirmed by the numerical study of a simple, effective model for laser
dynamics [2, 3], providing accurate estimates of the transition critical exponents. This
result pushes forward an hard equivalence of non-trivial stochastic, long-delayed systems
with spatio-temporal ones, opening the way for further experimental and theoretical
investigations of non-equilibrium critical phenomena in purely temporal dynamics.
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Neural synchrony and dynamics are increasingly being recognized for their importance in
understanding coordination behavior (Tognoli et al., 2007; 2017; Dumas et al., 2010). To
undersand the neural underpinnings of social coordination behavior via symbolic communication, we studied phase synchrony (Fujiwara et al., 2017) by measuring hyper-scanning
EEG (Li et al., 2016) obtained during the performance of a symbolic communication
task (Konno et al., 2013). While performing the task, a pair of participants in separate
rooms repeatedly played a coordination game on computer screens; the aim was to bring
their agents, located randomly in one of four rooms (2 × 2 configuration), to the same
room. Before moving, each participant sent their partner a message by choosing one
geometric figure from four options, whose meanings were neither predefined nor initially
shared. Diagonal movement was prohibited, demanding a mutual understanding of the
connotations (implied meanings) and denotations (explicit references) of the symbolic
messages for better performance. Using the Phase Locking Value (Lachaux, et al., 1999)
as a neural synchrony index—which is known to reflect the cognitive process of finding
meaning in visual stimuli (Rodriguez et al., 1999)—Fujiwara et al. (2017) suggested that
fronto-parietal gamma-phase synchrony may be involved in the cognitive process of finding
meaning in symbolic messages. In order to confirm the existence of neural synchrony
during a course of establishing symbolic communication systems, we analyzed additional
indices (weighted Phase Lag Index [PLI] and debiased weighted PLI) that consider the influences of volume conduction, noise, and sample-size bias (Vinck et al., 2011): We found
low-frequency phase synchrony and fronto-parietal gamma-phase synchrony. These results
suggest that functional connectivity, indicated by neural synchronization and associated
with perception, cognitive control, and working memory, may be related to understanding
symbolic messages. Supported by grants JSPS KAKENHI Grant Number JP26240037
and KAKENHI Grant-in-Aid for JSPS Fellows Grant Number JP17J06623.
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We present a new reconstruction method for phases of oscillating systems under perturbation. The concept is related to the phase theory of oscillators’ interaction, according
to which coupling results in phase modulation. The main question we address in this
study is how to obtain the phase modulation hidden in single-valued time series data of
an oscillatory process. We show how an iterative procedure based on repeated Hilbert
transforms results in an accurate reconstruction of the phase. Furthermore, we apply a
transformation from protophase to phase to obtain the parametrisation with best physical
applicability. The method can be applied to all cases where Hilbert transforms yield a
meaningful phase estimation.

Effect of intrinsic noise on the chimera states in coupled Kuramoto
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We develop the perturbation theory on top of the Ott–Antonsen theory for the case
of ensemble of oscillators with intrinsic noise. In this case, identical oscillators form
attracting one-cluster states, which allows one deriving the reduction equations for the
order parameters within the vicinity of these states. The intrinsic noise is found to
bring an effective dissipativness in the dynamics of the order parameters. The developed
perturbation theory is employed for studying the effect of intrinsic noise on the Chimera
states in coupled Kuramoto ensembles. We reveal significant reduction of the diversity of
possible types of Chimera states; multi-cluster states of subensembles disappear—onecluster states become attracting. The results of the perturbation theory and numerical
simulation of the original equations are in close agreement with each other. Remarkably,
the rigorous procedure of derivation of the reduced equations reveals an opportunity for
the construction of the perturbation theory for the general case of arbitrary violation of the
properties required for the applicability of the Ott–Antonsen theory. This opportunity is
connected to the formalism of ‘circular cumulants’ (certain analog of standard cumulants),
we introduce for this system. I.V.T. acknowledges financial support by a Grant of the
President of the Russian Federation (MK-1447.2017.5)
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We study clustering in repulsively coupled autonomous oscillators subject to common,
multiplicative noise. In [1] Gil et al. report the formation of two or three clusters in
a phase model where Watanabe-Strogatz theory [2] applies. The phases evolve under
a Moebius group transformation of the circle which is in contradiction to multi-cluster
formation. We show that clustering is due to higher order terms which enter the model
of Gil et al. as numerical integration errors but are naturally present in oscillators with
anharmonic phase response function.
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The study of network dynamics is an important tool to characterize real-world systems
in natural and social science [1]. The exact structure of how the individual entities are
connected is decisive to understand the collective behavior of the system. Oftentimes,
however, the network structure of the system is not accessible. This calls for methods
that allow one to infer the connectivity of a given system from measured signals. Here,
we use a rank-based nonlinear interdependence measure originally developed for pairs
of signals in [2]. This measure determines both the strength and the direction of the
coupling. In application to multivariate signals, one can estimate the matrix of directed
couplings between pairs of network nodes. Our results show that this approach allows us
to infer the underlying topology of the system for intermediate coupling strengths. For
both very weak coupling and almost synchronizing couplings, in contrast, we get false
negative and false positive errors. Our study provides further evidence for the advantage
of this measure compared to other data-driven approaches [3, 4] which cannot determine
the direction of coupling.
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Neural networks in the brain have directed, non-symmetric connections, which exclude an
equilibrium state. This can result in oscillatory components in response to an external
input. To treat non-stationary states analytically, one can integrate over short timescales
in order to obtain values related to slowly changing parameters influencing the input
statistics, which we refer to as the input’s context. We investigate such dynamics in a
network of linear response neurons (Hawkes model) and assess the flow of information in
the network using information theoretic approaches. Integration over short timescales led
us to obtain learning rules resulting in equations expressing mutual coupling of synaptic
weights and parameters that capture network oscillations. We link activity covariance
sensitive learning rules and parts of phase space occupied by trajectories evoked by inputs
for a given context. Our results also suggest that inhibitory neurons, which play an
important role in network oscillations [4] and which presence increases the asymmetry of
connectivity, integrate over short timescales and groups of neurons [3], and provide this
result as feedback increasing information inference quality. Additionally, requirements of
minimization of energy consumption per information unit [1] result in regularization terms
in learning rules, leading to coding more frequent and general features by a lower number
of neurons. The developed formalism can be continued to contexts of contexts, creating
a coarse-grained form of the approach linking different timescales and oscillation
frequencies within subnetworks, fitting evidence on scale-invariant neuronal dynamics [2].
This work is supported by the Swiss National Science Foundation (31003A_170079) and
by the Australian Research Council (DP180101494).
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Globally coupled oscillatory systems play an important role in modeling spatially extended
systems with a fast diffusing variable or often serve as a proxy for highly connected
oscillatory networks. However, the number of invariant sets dramatically increases with
the number of oscillators in the system, making a detailed analysis of the apparent
bifurcations in the system almost prohibitive. We therefore restrict our analysis to an
ensemble of four Stuart-Landau oscillators, coupled linearly through their common mean.
We show that this ensemble bifurcates under certain conditions to apparently different
forms of chaotic attractors. These states bifurcate off the synchronized solution via
various sequences of symmetry-breaking bifurcations, leading to different intermediate
states such as chimera states with two oscillators synchronized. However, even the fully
chaotic states with no partial synchrony seem to maintain certain average symmetries in
their dynamical behavior. We conclude our considerations with a discussion as to whether
these states also appear in larger ensembles of mean-coupled limit cycle oscillators.
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Local cortical circuits demonstrate non-trivial topology with clustered connectivity exceeding that expected for random networks. The weights of synaptic connections also strongly
correlates with anatomical clustering. To explain these features, we developed a model
for clustered neuronal wiring based on the non-random features of synaptic connectivity
observed in layer 5 of the rat visual cortex over distances of 100 micrometers. The model
suggests that such a local cortical domain contains groups of neurons referred as clusters
which differ from the rest of the network in terms of the connectivity properties. We have
inferred all the characteristics of clustering from weight-wiring statistics based on in vitro
data recorded from slice preparations. Our model suggests that a local cortical circuit
occupying a volume of about 100 cubic micrometer contains on average one cluster which
consists of about tens of cells. The clustered neurons are very densely connected with
synapses stronger than average. We found that this surprisingly simple model successfully
accounts for the observed non-random features of both wiring and weighing of local
cortical circuits. The clustered wiring also appears to play a crucial role in circuit dynamics.
We demonstrate that a small network of about a hundred of cortical neurons embedding
such a cluster creates a bistable neural spiking with distinct high and low firing rates.
Furthermore, embedding of such small clusters into large-scale cortical networks allows
generating both spontaneous network activity and localized persistent activity.
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The connections between neurons in the brain have the characteristic of being modified
over time due to several causes such as new experiences, injuries, brain pathologies, etc.
This ability is known as synaptic plasticity and in this work we evaluate the impact of
the coupling changes in the dynamics of a neural network with synaptic delay, that is,
when a delay is considered in the transmission of electrical signals between the neurons.
We verify that without time delay the synapses become regulated by both the nature
(excitatory/inhibitory) and the frequency of the presynaptic and postsynaptic neuron. A
presynaptic excitatory (inhibitory) neuron with higher (lower) frequency enhances the
synaptic strength if the postsynaptic excitatory (inhibitory) neuron has lower(higher)
frequency. When the delay is increased the network presents a non-trivial topology.
Regarding the synchronization, only for small values of the synaptic delay this phenomenon
is observed.
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Quantum Brownian motion represents a paradigmatic model of complex quantum system.
It describes the dynamics of a quantum particle coupled to a bath made up of a huge
number of harmonic oscillators. We employ such a model to investigate the physics of an
impurity embedded in a Bose-Einstein condensate (BEC), also known as Bose polaron,
which has been recently realized in experiments. Here, the impurity plays the role of the
Brownian particle, while the bath is constituted by the degrees of freedom related to the
condensate. The main motivation to adopt this approach is to better characterize the
motion of the impurity. In particular we show that it may be described by means of a
Langevin quantum equation, with a time non local damping, i.e. carrying a certain amount
of memory effects. We solve this equation in various cases, focusing on the calculation
of the position variance, which has been measured in experiments. The analysis of the
behavior of such a quantity at long times yields to interesting effects, providing a good
signature of the motion of the particle. For instance, when the impurity is free of any
trap, it experiences super-diffusion, as a consequence of the presence of memory effects.
If the particle is confined in a harmonic potential it exhibits at low temperature and strong
coupling genuine position squeezing, i.e. the position variance takes value lower of that
imposed by the Heisenberg principle. We also study a system of two distinguishable
impurities in independent traps and embedded in a BEC, evaluating the entanglement
between the two impurities that occurs as a consequence of their independent interaction
with the BEC.
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Effect of time-varying parameters on stability in coupled oscillators
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Systems of coupled oscillators aboud in the real world, and the stability of their oscillations
is often key. To date, most of the research effort has focused on oscillators with fixed
frequencies, and time-independent couplings. Despite evidence that in many cases, realworld frequencies and couplings are time-varying, the study of these systems has only
started to attract attention very recently. Here, we present different cases where the
time-variability of the parameters of the system can affect its stability, making more or
less stable depending on the case.
First, we present the analysis of a unidirectionally driven oscillator [1], where the driving
has a time-varing frequency. We show that, for slow frequency modulations, one can tune
the frequency modulation so that the Arnold tongue (region in parameter space where
the maximum Lyapunov exponent is negative) increases in size. It is shown moreover that
this is due to the the growth of a new region of intermittent synchronisation.
Second, we consider another extreme, with a generic network of coupled oscillators, where
the couplings change fast [2]. At each instant, the synchronous solutions is stable on the
frozen network. However, it is observed that the introduction of fast variations in the
couplings can render the synchronous solution unstable. Morevoer, this time-variability
can yield oscillation death when the each oscillatiors go to different fixed points due to
the time-varying couplings.
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Detecting connectivity between neurons from spike trains
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The detection of connectivity from signals and the reconstruction of networks are interesting problems in the analysis of complex oscillatory system. When the signals under study
are point processes instead of time-continuous, the task becomes even more intriguing.
A prominent example in neuroscience is the reconstruction of the connectivity between
neurons based on multi-unit recordings of their spike trains.
To address this problem we use a nonlinear interdependence measure [1] that was
originally developed for time-continuous signals from nonlinear dynamics. Subsequently a
generalization for the application to point processes was introduced [2]. This generalized
approach has recently been shown to be robust against noise and valid across a range of
firing rates and burst propensities [3].
Here we analyze spiking data of intracranial recordings from epilepsy patients. In this
case, there are problems such as nonstationarity in the firing rate of the neurons that can
easily lead to false positive detections of couplings. Furthermore, the number of spikes is
not always sufficient for a reliable connectivity detection. In this study we show how the
nonlinear interdependence measure [1-3] in combination with surrogate techniques can
help to face these challenges.
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Long-term desynchronization with Coordinated Reset in models with
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Abnormally strong neuronal synchrony is associated with a number of brain diseases
like Parkinson’s disease. Coordinated reset (CR) stimulation [1] is a spatio-temporal
stimulation technique which was designed to specifically counteract abnormal neural
synchronization by desynchronization. In the presence of spike timing-dependent plasticity
(STDP) [2], CR stimulation may induce long-lasting, sustained effects by shifting neuronal
networks from attractors with abnormal synaptic connectivity and abnormal neuronal
synchrony to attractors with weak connectivity and synchrony, a process termed antikindling [3]. CR-induced long-lasting desynchronizing effects have been verified in preclinical and clinical studies, see e.g. [4,5]. In this work, we explore the long-term effects
of CR stimulation using a model which incorporates two types of plasticity which evolve
on different time scales: synaptic and structural plasticity, evolving on the time scale of
seconds-minutes and days-months, respectively. Our code accounts for corresponding time
periods of biological time. For that purpose, we use the Terman-Rubin single-compartment
conductance based model [6] to describe the neuronal activity of the individual STN
and GPe neurons whose connection weights vary according to a STDP rule [7]. For the
structural plasticity, we consider rules which take into account the homeostatic evolution
of the system which is modulated by a targeted firing rate state [8]. As a consequence of
the structural stability, the desynchronization-induced uncorrelated firing down-regulates
the number of possible synaptic connections. Taking into account structural plasticity
reveals memory-type effects of the network’s treatment susceptibility. In particular, in
accordance with clinical findings [5], periods of CR-induced desynchronization increase
the susceptibility to desynchronizing stimulation in the event of an externally triggered
relapse [9]. In general, taking into account structural plasticity may enable to predict
dosage-dependent phenomena relevant for clinical studies.
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Bacillus subtilis bacteria can organize into communities known as biofilms. In an experimentally controlled system, it has been described that once these biofilms reach a critical
size, they start growing in an oscillatory manner, which maintains the whole community
alive and helps it resist stresses. These oscillations are thought to arise from periodic
nutrient (glutamate) limitation in the central part of the biofilm, leading to metabolic
stress that is transmitted throughout the biofilm by electrochemical signaling mediated
by potassium. A mathematical model accounting only for the metabolic interactions
was previously proposed, describing two distinct populations of cells corresponding to
the center and the periphery of the biofilm. Here we present a spatially extended model
that combines the metabolic and electrical components of the system in a discretized
reaction-diffusion scheme. In this model, potassium-mediated signaling allows oscillations
to emerge in a homogenous cellular population beyond a critical size, with phenotypic
differences in central and peripheral cells appearing spontaneously. Moreover, consistent
with the experiments, oscillations can also be triggered with a transient perturba-tion,
and their period increases with the biofilm size.
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Subthreshold signal encoding in coupled FitzHugh-Nagumo neurons
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Despite intensive research, the mechanisms underlying how neurons encode external
inputs remain poorly understood. Recent work has focused on the response of a single
neuron to a weak, subthreshold periodic signal. By simulating the FitzHugh-Nagumo
stochastic model and then using a symbolic method to analyze the firing activity of the
neuron, preferred and infrequent spike patterns were detected, whose probabilities encode
information about the signal [1]. We study how a second neuron, which does not perceive
the subthreshold signal, affects the detection and the encoding of the signal, done by the
first neuron. Through simulations of two coupled FitzHugh-Nagumo neurons we show
that the coding mechanism is indeed robust, as the neuron that perceives the signal fires
a spike train that has symbolic patterns whose probabilities depend on the features of
the signal. Moreover, we show that the second neuron facilitates the detection of the
signal, by lowering the firing threshold of the first neuron. This in turn decreases the
internal noise level need to fire the spikes that encode the signal. We demonstrate that
the probabilities of the symbolic patterns achieve maximum or minimum values when
the period of the external signal is close to (or is half of) the mean firing period of the
neuron.
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Although classical approaches to study coupled oscillators have been successful in capturing
the essence of either fully synchronised or fully desynchronised configurations, there is a
whole range of intermediate states whose taxonomy is still not completely unravelled. In
fact, “quimera state" is becoming an umbrella term for denoting clearly dissimilar states.
Moreover, the fact that most real neural systems inhabit this grey region makes the
development of new tools to characterise partially synchronised systems an urgent need.
As a contribution to the exploration of the vast range of phenomena that lies in this
intermediate region, in this work we present the notion of synergistic synchronization.
This idea has been inspired in recent advances in multivariate information theory, which
have developed novel frameworks to analyse the variety of statistical interdependencies
that can exist between groups of random variables. In particular, it has been show that
synergistic interdependencies can exist between the whole group that cannot be reduced
to pairwise interdependencies. Analogously, synergistic synchronisation takes place when
the overall network synchronisation is stronger than the pairwise synchronisation of its
nodes. Our results show that this non-intuitive phenomenon appears in networks of
Kuramoto oscillators at the onset of full synchronisation, but fades away when the system
becomes too globally synchronised or desynchronised. In our paper we describe for the
first time the concept of synergistic synchronisation, and provide illustrations from various
mathematical models. Additionally, we explore its relevance in the analysis of EEG data
from resting-state brain activity and other experimental conditions.
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Cycles and network eigenvalues: From structure to dynamics
P. V. Aceituno
Max Planck Institute for Mathematics in the Sciences, Leipzig, Germany
Understanding how the structure of complex systems affects their dynamics is one of
the main goals of current network science. Consequently, a multitude of studies on
implications of certain graph patterns such as network motifs or circulant graphs have
been developed. In parallel to those structural approaches, the study of the eigenvalues.
Given that both approaches emerged from different fields, the relationship between them
is not always clear. In this work we study this question by analyzing cyclic paths in
networks. In our first result we prove that the presence of network motifs in the form
of short cycles creates networks whose eigenvalue distribution resembles a polygon (Fig
1). Our second result focuses the eigenvalues of circulant directed matrices with random
weights and presents shows that their eigenvalues are distributed in concentric rings in
the complex plane. Our results have applications in understanding oscillatory patterns
of activity and stability con-ditions in networked systems, with a wide range of possible
applications. In this work, however we present applications centered on the activity of
recurrent neural networks, in particular by allowing us to predict would the system react
to different inputs.
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Emerging Long-Period Orbits and Self-Similarity in Repulsively Coupled Classical Oscillators
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We consider a deterministic system of repulsively coupled Kuramoto oscillators, which
are exposed to a fixed distribution of natural frequencies. As expected for antagonistic
couplings, the attractor space is quite rich. We identify rather long transients that it takes
the deterministic trajectories to find their stationary orbits in the attractor space. The
stationary orbits show a variety of different periods, which can be orders of magnitude
longer than the periods of individual oscillators. The smaller the width of the distribution
about the common natural frequency is, the longer are the emerging time scales on average
[1]. Among the long-period orbits we find self-similar temporal sequences of temporary
patterns of phase-locked motion on different time scales. The ratio of time scales is
determined by the ratio of widths of the distributions [2]. The effects are particularly
pronounced if we perturb about a situation, in which a self-organized Watanabe-Strogatz
phenomenon is known to happen, going along with a continuum of attractors and a
conserved quantity. We compare the phase space for different values of the bifurcation
parameter, deeply in the multistable phase and closer to the critical point, where the
monostable regime turns into the multistable one. As we know from earlier results [3],
noise can kick the system from one metastable state to the next. In case of disorder via
the natural frequencies the motion is fully deterministic, but also leads to phenomena like
the breaking of time translation invariance [4], as it was formerly observed in [3] under
the action of noise.
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Turing mechanism [1] describes the emergence of spatial patterns in a reaction-diffusion
system of two or more species, when perturbations starting from a homogeneous stable
state guide the system towards an inhomogeneous one, the celebrated Turing patterns.
The classical linear stability analysis that describes such phenomenon is based on the
spectra of the involved operators. However, such analysis may fail when the matrices
that represent the linear operators are non-normal, i.e. matrices s.t. AA∗ 6= A∗ A. In
this case, a new transient growth behavior emerges. In fact, due to the non-normality,
the system undergoes a transient instability that may generate the global patterns, even
though the equilibrium itself is stable [2]. This behavior is at odd with classical Turing
understanding of pattern formation. The origin for such discrepancy has been attributed in
the past to the strong asymmetric inter-species interactions [3], although such conditions
are difficult to be satisfied in realistic scenarios. Starting from these considerations, in
this work, we have overcome this difficulty by employing the non-normal networks [4].
Allowing the individuals of the species to diffuse on such spatial domain, it is possible to
obtain a transient wave from an instability for parameters out of the Turing parameters
region. Indeed, due to the asymmetry of the Laplacian operator, the system should go
unstable through a Turing-Hopf bifurcation [5]. In the non-normal case, however, the
spatiotemporal oscillations disappear yielding this way the classical Turing pattern. To
explain such behavior, a technical tool that measures the transient growth has been used,
namely the pseudo-spectrum [2]. As it can be appreciated by the following figure, the
perturbed spectrum becomes unstable while the unperturbed one remains still stable. The
method we apply here for the pattern formation is more general and can have possible
applications in neuroscience, ecology or transport.
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Collective oscillation modes are investigated in a ring of identical and locally coupled
Kuramoto rotators. Known results [1,2] were reproduced by using a novel theoretical
framework. We identify all the possible stationary states including a new class of unstable
fixpoints. Following the previous studies the stable stationary modes are characterized by
a winding number, m. Numerical experiments show that the complexity of the dynamics
increases with the system size, N. The number of stable stationary states is growing
linearly with N(−N/4 < m < N/4) and therefore it becomes more and more demanding
to foresee the final state when the dynamics is randomly initialized. We show however
that the final state of the system is always predictable after a time-moment, ts . In
order to do this this first a generalized Kuramoto order parameter rm (t) is introduced.
We then find that there is always a time moment, ts , from where on only one of the
order parameters (rm ) is increasing. At this time moment the final stationary state is
predictable. For random initial phases the average value of this time moment, hts iN, K,
scales inversely proportional with the coupling strength, K. For large systems we found
that hts iN, K scales with a nontrivial exponent (β ≈ 2.4) as a function of the system
size.
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N. Novikov1 , B. Gutkin1,2
1

Centre for Cognition and Decision Making, National Research University Higher School
of Economics, Moscow, Russia
2
Department of Cognitive Studies, Ecole Normale Superieure PSL Research University,
Paris, France

Working memory (WM) is the ability to actively retain information not currently presented
from sensory systems. A hallmark of WM retention is self-sustained elevation of neural
firing rates [1]. This feature is usually modelled as transition of a bistable system from
the «background» to the «active» state. Neural oscillations are also modulated during
WM retention [2], but their role is not fully understood. We propose a WM model,
in which the firing rate in the active state could be increased by externally applied
high-frequency oscillations (HFO). In the bistable system of two competing populations,
globally delivered HFO increases the firing rate of the active population, but not of the
background population (because of their different resonant properties). Alternatively, HFO
may stabilize an initially metastable active state of a population. Self-generated HFO in
two such populations with excitatory coupling could synchronize (with certain probability),
thus producing joint stable activity. Importantly, the probability of stabilization can be
increased by a weak external HFO at the resonant frequency. In summary, externally
applied HFO in our model promote active state stabilization via two mechanisms: (1) by
increasing competition (background populations have less chance to shut down the active
ones), and (2) by increasing cooperation between active populations. These effects are in
line with experimentally observed HFO increase during WM retention [2] and with the
theory that beta activity promotes cortical status-quo [3]. Acknowledgements: Supported
by Russian Science Foundation grant (contract number: 17-11-01273)
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When two or more people engage in interpersonal action coordination–such as playing
music together–physiological responses have been reported to synchronize, including
heart rate, breathing rate, and body sway [8, 4, 1]. Recently, researchers have tried
to extrapolate these findings to the study of oscillatory cortical activity (brainwaves).
Electrophysiological (EEG) studies of hyper-brain networks have been described in which
information flows between two or more brains during joint music playing [5](Sänger et al.,
2012). However, it is unclear whether this represents interpersonal action coordination, or
if correlations in phase dynamics are simply a by-product of shared perception (musicians
are in the same room, listening to the same music). We aim to determine a spatiotemporal mapping of the neural substrates of interpersonal action coordination by both
replicating previous findings and addressing the studies’ shortcomings. To do this, we
use (1) an alternating social roles paradigm (leader - follower) in which pairs of pianists
play both polyphonic duets (no clear melody; hence no leader) and homophonic duets
(leader-follower roles embedded in melody and accompaniment); (2) Normalized Symbolic
Transfer Entropy [6, 2] an information theory statistic that can be regarded as a non-linear
extension of Granger causality; and (3) a graph theory analysis of the hyper-brain networks
to determine the evolution of the networks’ characteristics. We hypothesize information
will flow to a greater extent from leaders to followers, specially around frontocentral
components during homophonic duets, and hyperbrain networks will increasingly show
small-world properties (an index of network optimization; [7]) the more participants play
together regardless of duet type.
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Synchronisation of uni-directly coupled systems can be used for state and parameter
estimation in a data assimilation context. For this application it is crucial to achieve
synchronisation between measured data and a given model, even if the system is spatially
extended and observations are sparse. This goal may be achieved by employing delay
reconstruction of states and approximations of the inverse delay coordinates map [1]–[4].
We shall present and discuss different implementations of this approach and illustrate it
with numerical examples.
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Numerical computation of Phase Response Curves using the parameterization method
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The Phase Response Curve (PRC) [CC15] is a tool used in neuroscience that measures
the phase shift experienced by an oscillator due to a perturbation of amplitude A applied
at different phases θ of the limit cycle. For perturbations that are infinitesimally small in
duration (pulsatile) and amplitude, one obtains the so called infinitesimal PRC (iPRC).
The iPRC corresponds to the first order term of the PRC with respect to the amplitude
and it can be easily computed by solving the Adjoint equation [EK91]. Of course, this
approximation fails when the perturbation is strong. In this talk, we construct a particular
T -periodic system and consider its corresponding T -periodic stroboscopic map FT (x).
The stroboscopic map has an invariant curve, whose in ternal dynamics can be used
to approximate the PRC. The invariant curve and its dynamics will be computed by
using the parameterization method [CFL05] and solving an invariance equation [CH16].
As numerical examples show, this methodology extends the framework of computation
and interpretation of the PRC for perturbations of large amplitude and not necessarily
pulsatile.
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The dynamical systems found in nature are rarely isolated. Instead they interact and
influence each other. In recent years, the investigation of coupling functions has developed
into a very active and rapidly evolving field [1]. Nonetheless, the question of the nature
of the coupling between interacting systems still remains highly non-trivial to answer.
Bispectral analysis [2, 3] belongs to a group of techniques based on higher-order statistics
that may be used to investigate coupling between interacting oscillatory processes [4].
As opposed to the various other methods for investigation of the coupling, bispectral
analysis does not require prior phase response curve estimation or even phase extraction,
which can be a major culprit of the results’ misinterpretation. The method is robust
against noise, does not require any prior assumptions, and can be applied regardless
of the level of the synchrony between oscillators. We investigate different models of
time-variably forced oscillators, and elaborate the procedure for applying bispectral analysis
and conducting statistical tests on the results, to reliably determine the existence of
temporally intermittent coupling in the presence of noise. We will try to point out the
limits within which bispectral analysis can be applied, and show its particular usefulness
when coupling changes with time.
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Oscillatory behavior abounds across all possible scales of the human brain. To trace and
describe these brain rhythms, the development and design of recording techniques and
models have benefitted from mutual interaction between experimental and theoretical
neuroscientists. Still, linking recordings of brain activity to the underlying neuronal
mechanisms remains an urgent challenge.

A promising approach to model large-scale brain dynamics builds on networks of interacting
neural oscillators. By focusing on the corresponding phase dynamics, it is possible to
analyze synchronization properties of the network. However, even when a phase variable
of a neural oscillator can be smoothly defined, as, e.g., for neural masses, it is a nontrivial
task to determine the dynamic interactions between these phase oscillators. Particularly,
there exist different phase reduction techniques. And which of the many is to be applied,
crucially depends on the dynamical regime and the parameter region of the underlying
neural oscillator model.
We compared the outcome of several mathematically sound phase reduction techniques
applied to networks of interacting Wilson-Cowan neural masses. Noticeably, different
reduction techniques can yield qualitatively different phase models. By ‘qualitatively
different’ we mean that the models display distinct stability properties, even in the case
of globally and weakly coupled identical units. Moreover, we investigate the influence of
realistic network topologies and strong interactions on the network’s behavior. Numerical
studies reveal non-trivial emergent dynamics like clustering and oscillation death, which
can no longer be predicted by the reduced phase models.
It appears that phase reduction techniques not only have to be tailored to the targeted
macroscopic observable and the parameter regime under study. But more importantly,
we have to conclude that using heuristic phase models as guidelines for inferring neural
network dynamics from data is challenging, if at all possible.
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Resonant desynchronization of globally coupled heterogeneous active
rotators
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We analyze the behavior of a population of globally coupled active rotators [1] containing
both oscillatory and excitable elements. We assume that the oscillatory character of
the elements is continuously distributed [2]. The system exhibits three main dynamical
behaviors [3]: (i) a quiescent phase in which all elements are stationary, (ii) global
oscillations in which all elements oscillate in a synchronized manner, and (iii) partial
oscillations in which a fraction of the units oscillate, partially synchronized among them.
Intriguingly we observe, within the global oscillation region, desynchronization bands for
specific ranges of the excitation threshold parameter, associated with waves of excitation
that travel through the system with a finite speed. We also observe that the pulse
duration is shorter for the excitable units than for the oscillating ones, even though the
former have smaller intrinsic frequencies than the latter. We also study more complex
coupling topologies, together with the inclusion of negative links between coupled elements,
mimicking the inhibitory connections present in the brain.
References
[1] S. Shinomoto and Y. Kuramoto, Phase transitions in active rotator systems, Progress
of Theoretical Physics, vol. 75, no. 5, pp. 1105–1110, 1986.
[2] H. Daido and K. Nishio, Bifurcation and scaling at the aging transition boundary in
globally coupled excitable and oscillatory units,” Phys. Rev. E, vol. 93, p. 052226, May
2016.
[3] D. Pazó and E. Montbrió, “Universal behavior in populations composed of excitable
and self-oscillatory elements,” Phys. Rev. E, vol. 73, p. 055202, May 2006.

74

Control of chimera states via minimal connectivity changes
G. Ruzzene1 , R. G. Andrzejak1,2
1
2

Universitat Pompeu Fabra, Barcelona (Spain)
Institute for Bioengineering of Catalonia (IBEC), Barcelona (Spain)

Chimera states are a fascinating phenomenon observed in networks of coupled oscillators.
The spatial symmetry of the network equations is broken by the network’s spatiotemporal
evolution, and two complementary groups spontaneously form: some of the oscillators
almost reach synchronization, while the remaining ones perform an erratic motion. Since
their discovery in 2002, chimera states have been studied in a variety of different settings
and have been compared to many real-world phenomena. Recent studies focus on the
possibility of controlling chimera states. Different control mechanisms can be found in
the literature: they allow controlling the position of one of the two groups that form the
chimera state and also to provoke chimera states for parameters for which they do not
form spontaneously. We aim to find the minimal ingredient needed to achieve control of
chimeras. For this purpose, we act exclusively on the connectivity matrix of nonlocally
coupled phase oscillator networks. Our first main result is that cutting all incoming links
of one oscillator leads to the incoherent group being centered on that oscillator. We then
consider less invasive modifications of the connectivity matrix and investigate which is
the minimal perturbation of the coupling necessary to control the chimera state. We find
that it is sufficient to modify the strength of just one link to control the position of the
incoherent group. The simplicity of our control mechanism and the fact that it does not
act on the parameters of individual oscillators make it appealing for possible experimental
applications.
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Embodied locomotion corresponds to attractors in the sensorimotor loop, that is in the
feedback loop made up by the controlling neurons, the actuators and the reaction of the
environment. We present several types of simulated and real-world robots for which every
actuator is controlled separately by a maximum of two rate encoding neurons. Complex
self-organized behavior in the form of either limit cycles and chaotic attractors arises,
leading respectively to regular and exploratory locomotion.
For the case of wheeled robots we find that the individual wheels correspond to regular
oscillators with natural frequencies that are determined by the feedback parameters of the
sensorimotor loop. The individual wheels are in our approach fully independent, using only
the own rotational angle as incoming sensory information. Explicit cross-wheel controlling
or coordination is absent. The wheels are however coupled indirectly via the physics of
the body of the robot whenever they experience non-equal environmental feedbacks.
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We find that the indirect coupling of the limit cycles driving the individual wheels leads to
cross-wheel frequency locking and, as a consequence, to robust locomotion. We propose
self-organized in-and out-of-phase frequency locking of limb movements as a possible
mechanism for the generation of non-trivial gaits.
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Train of passively coupled two-wheel cars. The wheels n = 1, .., 10 are controlled independently
by a single rate encoding neuron that receives as an input cos(ϕn ), where ϕn is the rotational
angle of the respective wheel. The output of the neuron corresponds to the driving torque. There
is no cross-wheel or cross-car controlling. The parameters of the individual sensorimotor feedback
loops, which differ slightly, give rise to natural frequencies νn . (left) The power spectrum of the
ten wheels for a train suspended in the air. The wheels rotate independently with their respective
natural frequencies. (right) The ten wheels rotate on average with the same frequency when the
train is moving on the ground, with a residual chaotic component giving rise to higher frequency
side bands (beyond the scale). (online, click for movie).

76

Anything goes for networks? Type and location of sensors impact on
link strengths of evolving functional brain networks
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Nowadays diverse fields ranging from physics to medicine and biology use network theory
to improve understanding of complex dynamical systems. Despite its usefulness, findings
should be carefully considered due to the higher number of interfering factors. When
analyzing empirical data, network nodes are usually associated with sensors that are placed
to sufficiently capture the dynamics of subsystems, and network links are assumed to
represent interactions between pairs of subsystems. An issue that has not been considered
sufficiently so far is whether the use of different sensors to be associated with nodes
impacts on properties of networks. Addressing this problem, here we investigate evolving
functional brain networks that we derived from multi-sensor, multi-day intracranial EEG
recordings from more than 50 epilepsy patients. We show that, in addition to other
influencing factors, type and location of sensors impact on link strengths in such networks.
Such an influence needs to be considered when merging different types of sensors in the
same network.
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Spike train distances are used to identify similarity between spike trains. The VictorPurpura distance and the van Rossum distance extensions for population coding [1, 2] use
a parameter to scale between labelled line coding (LLC), where each neuron is treated
separately, and summed population coding (SPC), where all spikes are pooled and the
identity of the neuron that emitted the spike is not important.
Instead of simply taking a set of spike trains and assuming that all the recorded neurons
are coding neurons, we here identify the best performing subpopulation using the SPIKEdistance. We test two versions of greedy algorithms together with a new heuristic
simulated annealing algorithm using Poisson neurons with different levels of noise. In
order to assess the performances of our algorithms we use small enough test sets so that
brute force is feasible and the correct solutions can be used as ground truth to search
for situations in which the algorithms are not able to reach the globally optimal solution.
For the LLC population, we limit our study to discrimination between different stimuli
with minimum number of neurons. Also, we identify the SPC population by using our
new algorithms.
We find that the simulated annealing approach provides significantly faster analysis times
than the brute force solutions but evaluates many more subpopulations and is thus
considerably slower than the greedy algorithm. Also, we find that under certain conditions
the greedy algorithms can fail and the heuristic approach of simulated annealing is able to
overcome the problems.
The measures of spike train synchrony ISI-distance [3], SPIKE-distance [4] and SPIKE
Synchronization [5] as well as the new directional measure SPIKE-Order [6] are freely
available in the Matlab-based graphical user interface SPIKY [5], the Matlab command line
package cSPIKE, and the Python library PySpike [7]. Source codes of SPIKY, cSPIKE,
and PySpike are available at [8,9,10].
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A Continuous-Time Dynamical System Describing both Rate Encoding and Spiking Neurons
F. Schubert1 , C. Gros1
Goethe University Frankfurt, Institute for Theoretical Physics, Frankfurt am Main, Germany
Ever since the electro-physiological properties of neurons have been investigated, an
abundance of dynamical systems was proposed and used to explain neuronal activity. The
simplest types of models that exhibit spiking behavior by means of completely differentiable
dynamics are nonlinear two-dimensional oscillators with two very distinct time scales,
whose dynamics are often derived by simplifying higher-dimensional systems by means of
projection or separation of timescales [1, 2]. Furthermore, on an higher level of abstraction,
we find neuronal models that encode information on the level of neuronal firing rates [3].
We introduce a two-dimensional nonlinear system, modeling a wide range of dynamic
properties of spiking neurons. Yet, by altering key parameters of this system, its dynamics
become identical to those of a time-continuous rate encoding model. Thus, our model
allows for a continuous transition between spiking dynamics and a canonical form of rate
encoding. Thereby, the differences of the dynamical properties of single units as well as of
network structures under these two regimes can be treated within the same mathematical
framework. In particular, applying this approach to recurrent networks enables us to
unify concepts of irregular/regular network behavior typically associated with either of
these classes of neuron models [4, 5, 6]. Furthermore, we show how a canonical form
of Hebbian plasticity can be incorporated such that well-established formulations appear
within the respective parameter range, spanning from spike-timing dependent plasticity to
a rate-based mechanism. Though appearing contradictory, we believe that a unification of
different neural modeling schemes can help clarifying differences between their functional
properties, since an analysis of the systems can take place within the same scope of
qualitative and quantitative measures.
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We present a characteristic of element sensitivity of spatiotemporal structures in coupled
oscillatory systems based on the asymptotic scaling of local-in-space, finite-time Lyapunov
Exponents. We propose the following approach: the finite-time growth rate of the
Lyapunov vector projected onto the subspace corresponding to a specific oscillator, which
we call the index of local sensitivity (ILS). The ILS, in order words, measures the sensitivity
of individual oscillators to external perturbations in a coupled system. It is computationally
cheap in comparison, as it can be computed for all coupled elements in parallel. Firstly,
we introduce the mathematical concepts in more detail. Secondly, we show how the ILS
performs for the ensemble analysis by the example of a system of nonlocally coupled
Rössler oscillators in comparison with the conventional maximal Lyapunov Exponent. We
study the relation between the spatial distribution of ILSs and the response of different
oscillator ensembles to short-time noise. In particular, we show that elements with larger
ILS-values are more sensitive to such perturbations, as it is expected. We show that
this interpretation is indeed valid, as the value of ILS is related to the decay time of
perturbations by short-time noise applied to a specific oscillator. This information is
important for the development and evaluation of methods to influence single oscillators
and larger ensembles by an external control and to improve the structure of a general
network in order to render it more robust to external perturbations. In addition, it is
computationally cheap, such that it can be applied to coupled systems with a large number
of elements.
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The dynamics of oscillator populations generates a large amount of interest across different
fields of contemporary science (in particular, physics, chemistry, biology and neuroscience).
The paradigmatic and universal model is the Kuramoto model of coupled phase oscillators.
The effective method to analyze this model is the Ott-Antonsen approach, which allows
one to obtain a closed system of differential equations for mean-field order parameters
and to reduce the problem to that of evolution of self-consistent complex fields. The
latter situation can be treated as a pattern formation problem. Here, we have investigated
the Kuramoto-Sakaguchi model with ordered interacting communities of globally coupled,
in general, nonidentical oscillators. We have assumed that the number of oscillator
populations is quite large and each population is strongly coupled only to itself and to the
two nearest neighbours communities with symmetric coupling parameters. Accordingly,
we have essentially considered the configuration of the system in the form of a onedimensional chain with local macroscopic interaction of the neighbouring populations of
phase oscillators. We have been interested in the case of infinity large number of particles
per each discussed community, i.e., so-called the thermodynamic limit. This allows for
a description of the dynamics in terms of the mean-field approximation. As a result,
we have obtained a coupled system of equations for the coarse-grain order parameter
associated with each community. The main goal of our study is to find solitons moving
with constant velocities in this discrete Ott-Antonsen equation. It is assumed that these
sloliton solutions are related with phase compactons in a chain of depressively coupled
nonlinear self-sustained oscillators. We have made numerical calculations and developed
an analytical description of the stationary properties and the dynamics behavior of the
discussed solitons. In particular, we have studied the temporal stability of such patterns
and the soliton-soliton interaction process. The work was supported by RSF grants No
17-12- 01534 and No 14-12- 00811.
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A Numerical Exploration of the Collective Phase Response Curve for
an Ensemble of Rayleigh Oscillators
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We look at the phase response curve (PRC) of an ensemble of Rayleigh oscillators, where
the oscillators are coupled to a mean field. The PRC is numerically calculated for partially
synchronized systems and the results are compared to the Kuramoto model. We find that
the PRC, as it is usually defined, is only well behaved for some coupling conditions. This
limits the use of PRCs for such systems in real-world applications.

Existence of weak chimeras for a minimal system of coupled phase
oscillators
M. Thoubaan, P. Ashwin
Department of Mathematics, University of Exeter, Exeter, UK
We consider a model neural system that consists of a network of almost identical cells,
each with simple oscillatory dynamics. One of the main problems in neurophysiology is to
reveal how such a system has the ability to self-organize itself into a functioning system.
This work exhibits the existence of a weak chimera state (a state of partial frequency
synchrony) in a minimal network of coupled identical phase oscillators. The system of
coupled phase oscillators we consider has an integral of motion at particular value of
coupling parameters. Associated with this we find an infinite number of weak chimera
states. Numerical simulations show these chimera states persist for nearby values of the
parameters: we use the first return map to approximate these weak chimera solutions.
XPPAUT and Maple are used to investigate stability and bifurcations of these states.
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Identical Kuramoto-Sakaguchi phase oscillators coupled to a single common center node
have been shown to synchronize explosively [1]. We show that below a critical coupling
an arbitrary amount of phase diffusion in the center node can stabilize the otherwise
neutrally stable state of complete synchronization. Individual noise or frequency dispersion
in the ensemble oscillators, on the other hand, prevent complete synchronization. Noise
induced remote synchronization may still be observed for small heterogeneity or individual
noise. The discontinuous transition continues to exists for intermediate heterogeneity or
individual noise strengths.
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We decomposed the heart rate variability into the respiratory-related component and
the rest from electrocardiogram (ECG) and respiration data with the theory of coupled
oscillations based method. The disentangling method was used to decompose 25 pairs
of ECG and respiration measurements from 15 healthy individuals at rest. Subsequently,
the respiratory influence on the heart rate was assessed by comparing the time-domain,
frequency-domain and complexity HRV measures of original and disentangled heart rate
variability (HRV) data. ÇT was financially supported by the European Union’s Horizon 2020
research and innovation programme under the Marie Sklodowska-Curie Grant Agreement
No. 642563 (COSMOS).
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Mammals selecting actions in noisy contexts quickly adapt to unexpected outcomes to
better exploit opportunities arising in the future. Such feedback-based changes in behavior
rely on long term plasticity within cortico-basal-ganglia-thalamic (CBGT) networks, driven
by dopaminergic modulation of cortical inputs to the direct (D) and indirect (I) pathway
neurons of the striatum. It remains unclear how changes in action value, determined
by competition between the D and I pathways, influence the mechanisms of the action
selection process itself. In this talk, we focus on developing a general learning rule to
simulate the performance in a two-alternative forced choice task, driven by changes
in dopamine signalling induced by outcomes of actions, that varies over the course of
simulations. In the model, the performance of a selected action yields a reward that triggers
a phasic dopamine response. Hence, the spiking model of the striatum is augmented
with phenomenological representations of action values, updated by comparing the reward
received versus the current value of that action; and dopamine release, the level of which
is derived from comparing the reward level r i resulting from the performance of action i to
the maximum value believed to be attainable across all actions, based on past experience.
Dopamine levels in turn determine changes in weights of cortical synaptic inputs to eligible
striatal neurons that participated in the action. The synchrony of the striatal network
drives selection between two actions with distinct reward outcomes, showing a learning of
the preferred action in settings with fixed reward outcomes. Critically, after the model is
tuned based on fixed reward scenarios, its performance agrees with behavioral experiments
with probabilistic reward paradigms.
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We investigated the influence of the psychedelic beverage Ayahuasca on functional brain
networks. Ayahuasca is a N,N- dimethyltryptamine (DMT) content brew from Amazonian
indigenous cultures. It can cause profound changes in perception and cognition. We use
concepts from the theory of complex networks to analyze resting state fMRI data of
the brains from 7 subjects under two conditions: before and after Ayahuasca ingestion.
Comparing both datasets we detected a significant change in the functional brain network
topology. We report an increase of Shannon entropy of network degree distributions from
subject brains under Ayahuasca influence. We also found a decrease of global integration
and an increase of local integration of these networks. We are interested in studying how
those changes in the functional network patterns could be explored by synchronization
dynamics models.
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We study the dynamical regimes demonstrated by a pair of identical 3-dimensional ring
oscillators (reduced version of synthetic 3-gene genetic Repressilator) coupled using the
design of the ‘quorum sensing (QS)’ process natural for interbacterial communications.
In this work QS is implemented as an additional network incorporating elements of the
ring as both the source and the activation target of the fast diffusion QS signal. This
version of indirect nonlinear coupling, in cooperation with the reasonable extension of the
parameters which control properties of the isolated oscillators, exhibits the formation of a
very rich array of attractors. Using a parameter-space defined by the individual oscillator
amplitude and the coupling strength, we found the extended area of parameter-space
where the identical oscillators demonstrate quasiperiodicity, which evolves to chaos via
the period doubling of either resonant limit cycles or complex antiphase symmetric limit
cycles with five winding numbers. The symmetric chaos extends over large parameter
areas up to its loss of stability, followed by a system transition to an unexpected mode: an
asymmetric limit cycle with a winding number of 1:2. In turn, after long evolution across
the parameter-space, this cycle demonstrates a period doubling cascade which restores the
symmetry of dynamics by formation of symmetric chaos, which nevertheless preserves the
memory of the asymmetric limit cycles in the form of stochastic alternating “polarization”
of the time series. All stable attractors coexist with some others, forming remarkable and
complex multistability including the coexistence of torus and limit cycles, chaos and regular
attractors, symmetric and asymmetric regimes. We traced the paths and bifurcations
leading to all areas of chaos, and presented a detailed map of all transformations of the
dynamics.
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Noise-induced chimeras in dynamical networks: nonlocally coupled
ring versus
A. Zakharova1 , N. Heym1 , E. Schöll1
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For a network of coupled neural elements in the excitable regime we show that chimera
patterns can be induced by noise. We compare the results for two different network
topologies: nonlocal coupling on a ring and 2D modular fractal connectivity, with the latter
being relevant for modeling of the brain. In contrast to classical chimeras, occurring in
noise-free oscillatory networks, these patterns have features of two phenomena: coherence
resonance and chimera states. Therefore, we call them coherence-resonance chimeras
[1]. They demonstrate the constructive role of noise and appear for intermediate values
of noise intensity, which is a characteristic feature of coherence resonance. In the
coherence-resonance chimera state a neural network of identical elements splits into two
coexisting domains with different behavior: spatially coherent and spatially incoherent,
a typical property of chimera states. Interestingly, these noise-induced chimera states
are characterized by alternating behavior: coherent and incoherent domains switch
periodically their location. We show that this alternating switching can be explained by
analyzing the coupling functions [2]. Moreover, we investigate the impact of time delay
on coherence-resonance chimeras and demonstrate that time delay can be used to control
the noise-induced chimera states. In more detail, the interval where coherence-resonance
chimeras exist can be significantly increased by introducing time-delayed feedback.
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Living systems implement and execute an extraordinary plethora of computational tasks.
The brain, with its structural and functional architecture, represents an emblematic
example of hierarchic self- organization: elementary units, the neurons all team up to
process external stimuli from a number of sources and integrate the information to yield,
from neurons to mind, different cognitive faculties. This could inspire novel biomimetics
technologies to adaptively handle complex problems. Here, we investigate the intertwined
stochastic dynamics of two populations of excitatory and inhibitory units, arranged in a
directed lattice. The endogenous noise seeds a coherent amplification across the chain
generating giant oscillations with tunable frequencies, a process that the brain could
exploit to enhance, and eventually encode, different signals. The system works as an
out-equilibrium thermal device under stationary operating conditions. The same scheme
could be invoked to design a novel family of man-made detectors capable of reacting to
spatially distributed low intensity alerts.

Delay-induced stochastic bursting in excitable system
C. Zheng, A. Pikovsky
Department of Physics and Astronomy, University of Potsdam
We study bursting phenomenon occuring in the theta neuron, where both time delay and
noise effect are considered. A new kind of bursting (stochastic bursting) was observed
and analyzed in terms of point process and Fokker Planck equation. Compared to the
deterministic case, noise can induce the spiking or reduce the spiking, which is the
collabaration and competition between noise and time delay. To understand the delayinduced spiking phe-nomenon in theta neuron, the macroscopic representation (point
process) and microscopic discription in terms of propability distribution after the time-delay
kick should be applied. Moreover, this kind of bursting phenomenon could occur in other
excitable systems potentially.

90

List of Participants

Pablo Amil
Ralph Andrzejak
Román Arango
Peter Ashwin
Sophie Benitez Stulz
Rico Berner
Hongjie Bi
Ginestra Bianconi
Maxim Bolotov
Andrei Bukh
Raffaella Burioni
Gloria Cecchini
Giulia Cencetti
Rok Cestnik
Dante R. Chialvo
Pau Clusella
Otti D’Huys
Andreas Daffertshofer
Gustavo Deco
Ahmed Delaa
Nicolás Deschle
Federico Devalle
Albert Díaz-Guillera
Masud Ehsani
Marco Faggian
Duccio Fanelli
Nicolas Fourcaud-Trocmé
Igor Franovic
Masayuki Fujiwara
Jordi Garcia-Ojalvo
Erik Gengel
Francesco Ginelli
Leon Glass
Denis Goldobin
Janis Goldschmidt

Barcelona, Spain
Barcelona, Spain
Bournemouth, UK
Exeter, UK
Barcelona, Spain
Berlin, Germany
Cergy-Pontoise, France
London, UK
Nizhny Novgorod, Russia
Saratov, Russia
Parma, Italy
Aberdeen, UK
Firenze, Italy
Potsdam, Germany
Buenos Aires, Argentina
Aberdeen, UK
Birmingham, UK
Amsterdam, The Netherlands
Barcelona, Spain
Mansoura, Egypt
Amsterdam, The Netherlands
Barcelona, Spain
Barcelona, Spain
Leipzig, Germany
Aberdeen, UK
Florence, Italy
Lyon, France
Belgrade, Serbia
Nomi, Japan
Barcelona, Spain
Potsdam, Germany
Aberdeen, UK
Montreal, Canada
Perm, Russia
Potsdam, Germany

91

Chen Gong
Cristina G. B. Martínez
Marc Grau
Claudius Gros
Dmytro Grytskyy
Daniel Heger
Felix Kemeth
Vladimir Klinshov
Thomas Kreuz
Ewandson Luiz Lameu
Aniello Lampo
Ivan Leon Merino
Zoran Levnajić
Roberto Livi
Maxime Lucas
Irene Malvestio
Thanos Manos
Rosa Martinez Corral
Maria Masoliver Vila
Cristina Masoller
Peter McClintock
Pedro Mediano
Gheorghiu Medorian
Hildegard Meyer-Ortmanns
Ernest Montbrió
Yamir Moreno
Florian Mormann
Maximilian Moser
Riccardo Muolo
Hiroya Nakao
Vaishnavi Narayanan
Zoltan Neda
Nikita Novikov
Geza Odor
Hector Domingo Orozco Perez
Ulrich Parlitz
Diego Pazó
Alberto Pérez
Franziska Peter
Aleksandra Pidde

92

Potsdam, Germany
Barcelona, Spain
Novo Mesto, Slovenia
Frankfurt, Germany
Geneva, Switzerland
Munich, Germany
Munich, Germany
Nizhny Novgorod, Russia
Florence, Italy
Berlin, Germany
Barcelona, Spain
Santader, Spain
Novo Mesto, Slovenia
Florence, Italy
Lancaster, UK
Barcelona, Spain
Juelich, Germany
Barcelona, Spain
Barcelona, Spain
Barcelona, Spain
Lancaster, UK
London, UK
Cluj-Napoca, Romania
Bremen, Germany
Barcelona, Spain
Zaragoza, Spain
Bonn, Germany
Graz, Austria
Namur, Belgium
Tokyo, Japan
Barcelona, Spain
Cluj-Napoca, Romania
Moscow, Russia
Budapest, Hungary
Hamilton, Canada
Göttingen, Germany
Santander, Spain
Barcelona, Spain
Potsdam, Germany
Lancaster, UK

Bastian Pietras
Arkady Pikovsky
Jordi Pinero
Antonio Politi
Caroline Reid
Juan G. Restrepo
Robert Ronge
Gemma Rosell Tarrago
Michael Rosenblum
Alex Roxin
Pablo Ruiz
Giulia Ruzzene
Arindam Saha
Sandip Saha
Soheila Samiee
Bulcsu Sandor
Ancor Sanz-Garcia
Josep Sardanyés
Eero Satuvuori
Björn Schelter
Alexander Schlemmer
Helmut Schmidt
Fabian Schubert
Tilo Schwalger
Igor Shepelev
Lev Smirnov
Linda Sommerlade
Aneta Stefanovska
Gregory Szep
Erik Teichmann
Mary Thoubaan
Ralf Toenjes
Çağdaş Topçu
Szabina Tudja
Bob van Dijk
Catalina Vich Llompart
Manel Vila-Vidal
Pau Vilimelis Aceituno
Aline Viol
Evgeny Volkov

Amsterdam, The Netherlands
Potsdam, Germany
Barcelona, Spain
Aberdeen, UK
Potsdam, Germany
Boulder, USA
Berlin, Germany
Barcelona, Spain
Potsdam, Germany
Barcelona, Spain
Barcelona, Spain
Barcelona, Spain
Oldenburg, Germany
Calcutta, India
Montreal, Canada
Cluj-Napoca, Romania
Madrid, Spain
Barcelona, Spain
Florence, Italy
Aberdeen, UK
Göttingen, Germany
Barcelona, Spain
Frankfurt, Germany
Lausanne, Switzerland
Saratov, Russia
Nizhny Novgorod, Russia
Aberdeen, UK
Lancaster, UK
London, UK
Potsdam, Germany
Exeter, UK
Potsdam, Germany
Graz, Austria
Freiburg, Germany
Amsterdam, The Netherlands
Illes Balears, Spain
Barcelona, Spain
Leipzig, Germany
Berlin, Germany
Moscow, Russia

93

Valérie Voorsluijs
Anna Zakharova
Damián H. Zanette
Clément Zankoc
Chunming Zheng

94

Brussels, Belgium
Berlin, Germany
Bariloche, Argentina
Florence, Italy
Potsdam, Germany

Useful Information

Talks will be held at the Conference Hall-Auditorium of PRBB. It is situated on the
first floor of the central courtyard and has independent access from the rest of the building
(through stairs located at the ground floor, main entrance of PRBB).
Coffee breaks and lunches will be offered in the half-covered terrace in front of the main
entrance of the conference hall.
The poster session will be held on Tuesday and Wednesday night on the ground floor
of the PRBB.
Wi-Fi will be available during the conference (login: PRBB, password: darwin1809). The
PRBB also provides access to an eduroam network.
The conference dinner will be held at the "La Fonda del Port Olimpic", at Calle Moll
de Gregal, 7-10, 08005 Barcelona. See red tag at the top right of the map.

How to get to the PRBB?
The PRBB building overlooks the Ronda del Litoral and is next to the twin towers of the
Olympic Village: Torre Mapfre and Arts Hotel. The address is Carrer del Dr. Aiguader,
88, 08003 Barcelona, Spain. and and can be reached by:
• Subway: yellow line, L4, station Ciutadella/Vila Olímpica,
• Bus: lines V21, 14, 36, 41, 45, 59, 71, 92, D20,
• Tram: line 4, stop Vila Olímpica.
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