Welcome to NDES 2017 Zernez!
Welcome to the 25th Nonlinear Dynamics of Electronic Systems
conference, “Novel technologies from knowing how networks work”.
In the small alpine town of Zernez this year, in the heart of the Swiss
Alps, we are delighted to host a wonderful group of leading scientists
from six continents - fully one third of the participants are joining on
special invitation from the organising committee. Despite its
international character, and the number of distinguished scientific
leaders participating, NDES still focuses on an intimate size, minimal
number of parallel sessions, and large number of plenary talks.
Beyond the presentations, we are looking forward to beginning of great
collaborations, and the renewal of old ones, in both halls of the Hotel
Baer & Post, and up in the mountains! The two smaller conference
rooms remain at the disposal of the participants when not occupied by
scheduled talks, for additional meetings and discussions.
The NDES 2017 Organising Committee gratefully acknowledges the
very kind support which has made this conference possible, from: the
Swiss National Science Foundation SNSF; h.o.-COMPUTER Software
GmbH; Eawag ETH Zurich; Institute of Neuroinformatics University of
Zurich and ETH Zurich; Hotel Baer & Post Zernez.

The NDES 2017 Organising Committee
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Ruedi Stoop (University of Zurich and ETH Zurich)
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1

From bacterial spin lattices to active matter logic
Jorn Dunkel
Massachusetts Institute of Technology, USA

Geometric constraints can profoundly affect pattern selection and
topological defect formation in equilibrium and non-equilibrium
systems. In this talk, I will summarize recent experimental and
theoretical work that aims to understand how confinement geometry
affects the spontaneous flows of active suspensions. First, we
demonstrate how collective microbial swimming can be controlled by
microstructure to realize bacterial spin lattices exhibiting ferro- and
antiferromagnetic ordering [1]. Building on these insights, we can
propose designs of active flow networks to implement logical
operations [2] and permutation groups [3] in autonomous microfluidic
devices.
[1] H. Wioland, F.G. Woodhouse, J. Dunkel, R.E. Goldstein, “Ferromagnetic and
antiferromagnetic order in bacterial vortex lattices,” Nat. Phys. 12, 341-345 (2016).
[2] F.G. Woodhouse and J. Dunkel, “Active matter logic for autonomous microfluidics,”
Nat. Commun. 8, 15169 (2017).
[3] F.G. Woodhouse, J.B. Fawcett, J. Dunkel, “Information transmission, holographic
defect detection and signal permutation in active flow networks,” arXiv:1705.00589
(2017).
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Network-based data analysis tools for identifying and
characterizing regime transitions in complex systems
Cristina Masoller
Universitat Politècnica de Catalunya, Spain

Complex systems can undergo gradual or sudden transitions between
different dynamical regimes. While some transitions can be safe, others
can be catastrophic (such as desertification, population extinctions,
arrhythmias, etc.). It these situations it is important to anticipate
transitions by identifying appropriated early-warning signals, and a lot
of efforts are nowadays focused on developing reliable diagnostic tools
that can be directly applied to observed data. In this presentation I will
discuss our recent work where we have employed various network
tools (correlation networks, symbolic networks, horizontal visibility) for
identifying and predicting regime transitions in different complex
systems.
Related work:
G. Tirabassi, J. Viebahn, V. Dakos, H.A. Dijkstra, C. Masoller, M. Rietkerk, S.C. Dekker,
"Interaction network based early-warning indicators of vegetation transitions," Ecol.
Complex. 19, 148 (2014).
C. Masoller, Y. Hong, S. Ayad, F. Gustave, S. Barland, A.J. Pons, S. Gomez, and A.
Arenas, “Quantifying sudden changes in dynamical systems using symbolic networks,”
New J. Phys. 17, 023068 (2015).
A. Aragoneses, L. Carpi, N. Tarasov, D.V. Churkin, M.C. Torrent, C. Masoller, S.K.
Turitsyn, “Unveiling temporal correlations characteristic to phase transition in the
intensity of fibre laser radiation,” Phys. Rev. Lett. 116, 033902 (2016).
T.A. Schieber, L. Carpi, A. Diaz-Guilera, P.M. Pardalos, C. Masoller, M.G. Ravetti,
“Quantification of network structural dissimilarities,” Nat. Commun. 8, 13928 (2017).
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Phase locking vs frequency entrainment in coupled
oscillators under noise

Learning and stabilization of dynamic binary neural
networks

Arkady Pikovsky

Toshimichi Saito

University of Potsdam, Germany

HOSEI University, Japan

Quite often synchronization is characterized as phase locking and
frequency entrainment phenomenon, and these two features are
considered just as two manifestations of the same effect. We show that
while this is true for usual coupled oscillators, in the case when a
common force is acting, the two notions are different. Moreover, one
can observe phase locking (in the sense that the phases most of the
time stay together) together with frequency anti-entrainment (observed
mean frequencies of oscillators diverse stronger compared to the
natural ones).

A dynamic binary neural network (DBNN) is a simple two-layer network
with a delayed feedback. The network is characterized by the signum
activation function, ternary connection parameters, and integer
threshold parameters. Depending on the parameters and initial
condition, the network is able to generate various binary periodic orbits.
The ternary connection parameters are suitable for hardware
implementation and can reduce computation costs in numerical
analysis. In order to store a desired periodic orbit, a simple correlationbased learning method is presented. In order to stabilize the stored
periodic orbit, a simple evolutionary algorithm is presented. The
algorithm uses individuals corresponding to the ternary connection
parameters. Each individual is evaluated by feature quantities that
characterize the stability of the periodic orbit. Applying the algorithm to
a typical class of periodic orbits, the learning/stabilization capability is
investigated.
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Brain-on-a-Chip technology: Application of hydrogel-based
cell patterning techniques to study neuronal networks in
vitro
Yoonkey Nam
Korea Advanced Institute of Science and Technology (KAIST), Republic of Korea

Neural networks can be studied in a dish (‘in vitro’) while measuring
their electrical activity. To measure electrical activity from growing
neurons, a planar-type microelectrode array (MEA) is used as an
electrical interface platform. To grow neuronal networks, primary
neurons are cultivated on the MEA chip for days and weeks with
advanced neuronal culture techniques. In studying the neural networks,
the structure of the networks is expected to be controlled for various
experimental designs. Here, I will present the recent development of a
hydrogel-based cell patterning technique to engineer the form of
cultured neuronal networks on MEAs and show the neural recordings
from the constructed networks. The technique involves soft-lithographic
surface micropatterning of hydrogels at micrometer scales, which
provides cell-repulsive surfaces for controlling neural cell adhesion and
growth. A long-term cultivation of ‘patterned’ neuronal networks were
achieved and their electrical activity could be collected and analyzed.
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Brain networks and scalp electroencephalogram
Milan Paluš
Institute of Computer Science CAS, Czech Republic

Understanding how neurons and neuronal assemblies communicate is
one of the greatest challenges of modern science. Adequate
description and quantification of brain connectivity (i.e., communication
between neuronal assemblies) is not only important for understanding
the structure and function of brain networks, but also for diagnosis and
treatment of neuropsychiatric diseases, since brain disorders – from
schizophrenia to depression to post-traumatic stress disorder – are
considered as disorders of connectivity. Functional brain networks are
derived from multivariate time series of a quantity reflecting time
evolution of brain activity. Modern neuroimaging methods became
popular for the inference of the functional networks, however, the scalp
electroencephalogram (EEG) is probably the most available and least
expensive, non-invasive method to record the brain electrical activity.
We will discuss measures of synchronization and coherence which can
be used to infer connectivity patterns from scalp EEG, with a special
emphasis on measures designed to cope with the effects of
conductivity and reference electrode. Another challenging topic is the
detection of cross-frequency interactions, namely the phase-amplitude
coupling. We will ask whether we can detect cross-frequency
interactions from scalp EEG and whether we can identify them as
causal, e.g. in the sense “the phase of slow oscillations determines the
amplitude of fast oscillations.”
This research is supported by the Czech Health Research Council Project No.
NV15-33250A.
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Pattern formation before the onset of subcritical turing
bifurcation
Andrey Polezhaev and Maxim Kuznetsov
P.N. Lebedev Physical Institute of the Russian Academy of Sciences, Russia

Spatio-temporal patterns formed in systems far from thermodynamic
equilibrium are widely spread in nature. They are observed in systems
of different nature: physical, chemical, biological. In experiments two
major types of spatially non-uniform structures are observed: nonlocalized patterns that occupy the whole available space, and localized
structures, that do not spread far away from the place of their origin.
While in the region of Turing instability non-localized dissipative
structures are always formed, localized structures can arise rigidly in
the prebifurcation region of subcritical Turing instability due to large
enough initial local excitation. Under appropriate parameter values,
these structures may evolve into non-localized ones due to
perturbations.
We investigate numerically the behaviour of a two-component reactiondiffusion system of FitzHugh-Nagumo type before the onset of
subcritical Turing bifurcation in one- and two-dimensional cases in
response to local rigid perturbation. In a large region of parameters,
initial perturbation evolves into a localized structure. In a part of that
region, closer to the bifurcation line, this structure turns out to be
unstable and undergoes self-completion covering all the available
space in course of time. Depending on the parameter values in twodimensional space this process happens either through generation and
evolution of new structures or through the elongation, deformation and
rupture of initial structure, leading to space-filling non-branching snakelike patterns. Transient regimes are also possible.
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Is it possible to stabilize the steady state of a network of
oscillators by means of a single tracking filter?
Tamasevicius1,

A.
N. Rulkov3

E.

Adomaitiene1,

G.

Mykolaitis2,

S.

Bumeliene1,

1

Center for Physical Sciences and Technology, Lithuania
Gediminas Technical University, Lithuania
3 University of California, San Diego, USA
2 Vilnius

The answer to the above question is rather controversial. It depends on
the properties of the network. If the oscillators, composing the network,
are either uncoupled or weakly coupled, the answer is: no it is not
possible. Each of the oscillators should be provided with an individual
filter to stabilize it. However, if the oscillators are coupled strongly
enough, the answer is: yes it is possible. A single filter is sufficient to
stabilize all the oscillators. We demonstrate such a possibility using a
network of thirty mean-field coupled FitzHugh-Nagumo neuronal type
oscillators. It is confirmed by numerical, experimental, and analytic
investigations. The tracking filter technique (TFT) can have a practical
application to the treatment of the Parkinson’s disease. The pulse
generator used for the deep brain stimulation (DBS) should be replaced
with a TFT feedback unit. An important advantage of the TFT over the
DBS is that the control signals, sent into the brain from the TFT device,
are vanishing.
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A nonlinear circuit with multiple jump resonance
Arturo Buscarino, Carlo Famoso, Luigi Fortuna, Mattia Frasca
University of Catania, DIEEI, Catania, Italy

Jump resonance is a phenomenon that may arise in nonautonomous
nonlinear systems. It occurs in nonlinear systems subjected to a
sinusoidal forcing signal r(t) where an hysteresis phenomenon in the
closed loop frequency response is observed.
In these systems there exist a given interval of frequencies, i.e. f1 < f <
f2, for which the closed loop frequency response corresponds to three
(or even more) values. When such condition occurs, the system shows
a hysteretic behavior as the frequency of the forcing signal changes:
increasing the frequency, the output amplitude will follow the upper
branch of the closed loop response until f = f2 and then jumps down to
the lower branch; if the frequency is now decreased, the system will
respond along the lower branch until f = f1 where it will jump again to
the upper branch.
In this paper, we investigate the occurrence of the jump resonance in
networks of nonlinear circuits, focusing on defining a design procedure
to implement a network showing more than one interval of jump
resonance in the desired frequency ranges.
The presence of multiple peaks of jump resonance is of potential
interest in those applications in which the hysteretic effect connected to
the jump resonance could be actively exploited and the system may
work under different operating points, each represented by the central
frequency of one jump interval. Experiments related to a discretecomponents realization will be shown confirming that a frequency
response characterized by a two-peak jump resonance is obtained.
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Novel patterning method for developing dynamical model
system of in vitro neuronal networks

Finding strong connection of in-vitro neuronal network
using association rule learning

Nari Hong and Yoonkey Nam

Hyungsup Lee and Yoonkey Nam

Korea Advanced Institute of Science and Technology (KAIST), Republic of Korea

Korea Advanced Institute of Science and Technology (KAIST), Republic of Korea

Cultured neuronal networks have been used as the model systems to
investigate relationship between network topology and their dynamics
since they are relatively easy to access and manipulate. For
establishing intricate networks in vitro, various patterning approaches
that can control position of neurons and their connections were
developed. However, structural change in the networks during
cultivation and maturation is still difficult. In this study, we developed a
dynamic patterning method that can control network structure even
after neurons form a confined network to investigate how functional
connectivity changes with structure change. To measure and analyze
electrical signals from the networks, we applied this technique on
microelectrode arrays (MEAs) since they enable long-term and
spatiotemporal recording. For dynamic patterning, gold nanorods
(GNRs) that can generate heat upon near-infrared irradiation were
immobilized on the surface of MEAs and poly-D-lysine was coated for
neuron attachment. Then, micropatterns, which were 300 µm by 300
µm square, were fabricated using agarose hydrogel. The hydrogel is
cell-repulsive and it is enough to be melted by the heat generated from
GNRs. At two weeks after seeding of E18 rat hippocampal neurons,
agarose hydrogel between two micropatterns was melted in a line
using focused 785 nm laser. After melting, neurites grew through the
melted line and they connected two networks between 24 and 48
hours. From two days after creating new structural connection,
correlation coefficient between two networks increased over time. This
developed method is expected to be useful for implementing dynamic
change model of neuronal networks.

Neuronal networks on MEA show synchronized activities during
developing process, so called synchronized network burst (SNB). In
these SNBs, it is strongly believed that there are consistently occurring
spatio-temporal patterns of network signals. In order to analyze them,
cross-correlation analyze, and pattern matching algorithms have been
widely used, but there is chance to introduce different technique from
bio-informatics fields.
Association rule learning is the way to find out strong relationship
among a lot of transactions using support and confidence. In this study,
we utilized association rule learning for analyzing spatio-temporal
patterns in SNBs. We could find several strong connections between
different channels and hub channels could be selected from
connectivity map. We extract SNBs from the recorded spike trains, and
N-item set is defined as consecutive N channel numbers of spikes.
Combinations of survival (N-1)-item sets and 1-itemsets can be
candidate sets, and survival N-itemsets are selected using support and
confidence threshold among candidates. Survival N-item sets and
(N-1)-item sets can be transformed into association rules. Recorded
data contained about 1200 SNBs. Among them, survival item sets were
selected by support threshold of 0.1 and confidence threshold of 0.5.
From the combinations of 18 frequent channels, 25 association rules
were found. After drawing connectivity map, we found that 3 channels
are related to large portion of connections. From the combinations of
survival 2-item sets and 1-item sets, 19 rules were built, and
connectivity map was drawn. We also found that 3 channels found
before were related to every connection.

In this study, we utilized association rule learning for analyzing spatiotemporal patterns in SNBs from dissociated neuronal culture. We could
find several strong connections between different channels and hub
channels can be selected from connectivity map.
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Chaotic scale-free avalanches and structural transitions of
neural activity
Karlis Kanders1, Tom Lorimer1, Yoko Uwate2, Willi Hans-Steeb3,
Ruedi Stoop1,4
1 Institute
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University, Japan
3 University of Johannesburg, Republic of South Africa
4 Institute for Computational Science, University of Zurich, Switzerland
2 Tokushima

Neural networks in the brain have been hypothesized to operate at a
critical state in order to gain computational advantages, such as
enhanced information representation and retention capabilities. Two
notions of criticality have been used in this context: avalanche
criticality, characterized by self-similar avalanches with power-law
distributed characteristics, and dynamical criticality, indicated by a
vanishing largest Lyapunov exponent. It is occasionally assumed that
these two notions are manifestions of one and the same underlying
critical state. We, however, demonstrate that in a biologically realistic
neural network model with Rulkov's neurons, avalanche criticality does
not necessarily entrain the dynamical criticality. Specifically, we find a
network state with scale-free neural avalanches while the network's
largest Lyapunov exponent is positive. Detailed investigation of the
parameter space beyond avalanche criticality reveals a series of other
structural transitions of neural firing activity, reflected by changing
levels of network synchrony and Kolmogorov-Sinai entropy. While
eventually the network reaches an edge-of-chaos transition, we do not
see evidence for avalanche criticality at this parameter value. The
potential dissociation of the two notions of neural network criticality,
suggested by our results, implies that the computational benefits
attributed to criticality should be assessed by regarding separately
network's dynamical stability and the topological state points of view.
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Dragon-king-like extreme events in bursting neurons
Arindam Mishra1,2, Suman Saha1, Pinaki Pal3, Hilda Cerdeira4,
Syamal K. Dana1
1 CSIR-Indian
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An extreme event is defined as a large size event that deviates from
the events of nominal size. Examples are many, tsunami, earthquake,
flood, power blackout that have devastating effect on life and society.
Prediction of extreme events is a necessity to mitigate disasters which
called for an understanding of its dynamic origin. For this purpose,
extreme events have been studied in many simple dynamical systems
including experimental systems, lasers and electronic circuits.
Most
of the extreme events are very rare and reflected as long-tail nonGaussian distribution of event sizes, small to very large. On the other
hand, a class of extreme events shows that they are not so rare, more
frequent, as example, the bubbling of share market before a crash. It
follows a dragon-king behavior that reveals a departure of large size
events from a power-law followed by the small to intermediate size
events. It distinguishes small to intermediate size events from the large
size events which has a significantly different dynamic origin. Since
such extreme events are more frequent, the predictability is more
encouraging. Recently, the dragon-king behavior was observed in a
simple model of two unidirectionally coupled oscillators. It shows
bubbling of trajectory from the synchronization manifold near the critical
coupling value when a small mismatch or noise is introduced. This
work also indicates that prediction and control of such extreme events
is a possibility.
We report a simple of model of two Hindmarsh-Rose bursting neuron
systems under various coupling combinations, gap junction, mixed
synaptic excitatory and inhibitory coupling that shows presence of

dragon-king-like extreme events. Two coupled bursting neurons
establish antiphase synchronization when the inhibitory coupling
specially plays a role in occasional large departure of the trajectory of
the coupled system from the antiphase synchronization manifold for
small detuning of the coupling strength. This large excursion of the
trajectory from the antiphase synchronization manifold follows the
dragon-king statistics with a large departure from a power law followed
by the other trajectories which remained bounded to the antiphase
synchronization manifold. Most importantly, we find a precursor
attached to such large events and investigate if we can derive a
predictability measure. We evidence this behavior in an experiment
using analog electronic circuits of the Hindmarsh-Rose system.
Related work:
A.Mishra, S. Saha, H. Cerdeira, S.K. Dana, Opera Med Physiol, Sppl S2, p.47 (2016).
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Scaling in rainfall and runoff

Scaling in phytoplankton fluorescence

Carlo Albert and Thomas Coutandin

Jenny Held and Carlo Albert
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Rain fields and river runoff in natural catchments are known to exhibit
both spatial and temporal scale-invariance, in certain regimes.
Catchment models that are used for runoff forecasting typically have inbuilt scales (such as magnitudes and correlation time-scales of model
errors) and thus violate the observed scale-invariance. This is a
problem, in particular for the prediction of extreme events. In general,
describing the scaling of rain and runoff, for all intensities, requires an
infinite number of exponents. That is both rain and runoff, in their
scaling regime, can adequately be described by means of multifractals. We propose to use generalised Langevin equations, that is
stochastic differential equations with memory, for a parsimonious
modelling of rainfall and runoff time series that are obeying the
observed multi-scaling. In the future, such models could be used as
rain generators and for runoff forecasting.

In the quest to understand large, complex biological systems,
phytoplankton have become a popular study area. Natural communities
of these aquatic planktonic microorganisms, which are typically
comprised of a large number of individuals from many different species,
form the basis of aquatic food webs and strongly influence ecosystem
functioning. For our understanding and preservation of these
ecosystems it is crucial to find descriptions for how individuals respond
in phenotype and function to environmental change.
Despite the complexity of these systems, remarkably universal
phenomena have been observed, such as scale-invariance and finite
size scaling in the distributions of individuals' traits that are linked to
their functioning. We present an experiment that uncovers finite size
scaling in chlorophyll fluorescence of individuals in various
environmental conditions. We propose a simple stochastic differential
equation model of non-interacting particles in trait space to fully
describe the scaling in settings without strong competition, and present
possible extensions to the model to shed light on how interactions can
lead to a departure from such scaling.
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The Future's Back - First generic models of self-defeating
road traffic forecasting

Complex systems with multivariable nonlinearities using
cellular neural networks: Lorenz system example

Thomas Ott1 and Rudolf M. Füchslin2
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Traffic forecasts are critical for effective road traffic management.
Driven by growing needs and the availability of more and new data and
technology, traffic forecasting methods have become a vivid research
field in the last couple of years (e.g. [1,2]). However, almost no
attention has been paid so far to the effect of forecasting information on
the traffic situation. From the perspective of traffic management, the
desired effect often corresponds to a self-defeating prophecy; in the
case of a predicted congestion, the goal of forecasting-based traffic
management is to prevent or mitigate the predicted situation. In
practice, the dynamics of this nonlinear feedback effect is hardly
comprehended in traffic management. In our contribution, we elucidate
the issue using the example of the South-to-North transit route in
Switzerland and we derive reduced generic models of self-defeating
traffic forecasting. They may provide a first step toward improved
decision-making for traffic management, taking into account the
repercussions of traffic recommendation on the system under
consideration.
[1] E.I. Vlahogianni, M.G. Karlaftis, J.C. Golias, “Where we are and where we're going,”
in Transportation Research Part C: Emerging Technologies 43, pp. 3-19 (2014).
[2] M. Burkhard, T. Ott, N. Stoop, P. Kauf, C.E. Jackson, M. Ruesch, P. Hegi, G. Moreni,
T. Koy, “Traffic Jam Forecast Procedures and Systems,” Research Book VSS,
Switzerland (2014).
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Since its introduction, Cellular Neural Networks (CNN) has attracted
considerable interest and many theoretical and experimental studies
related to CNNs have been presented in the literature. CNN based
different kinds of chaotic oscillators have helped understanding of
chaotic phenomenon, because of their RC based circuit topography.
Among these complex dynamic systems and chaotic circuits, Chua’s
circuit, hyperchaotic Saito’s circuit, n-double scroll circuit, MLC circuit
etc. can be regarded. It can be seen from these studies that CNN is
capable of imitating all of these nonlinear systems by using an output
function of one state CNN variable. On the other hand, if the
nonlinearity is constituted by the product of two state variables or the
nonlinearity of a system is a function of more than one variable, the
canonic Piecewise Linear (PWL) output function of a CNN cell circuit
becomes inadequate. In this study, it has been shown that without
changing the original nonlinearity of CNN, complex systems with
multivariable nonlinearities can be generated by switching the sign of
the states depending on the condition of PWL output function of CNN.
This paper consists of numerical studies and experimental realization
on FPAA for CNN based-Lorenz system.
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A new nonlinear circuit to model instabilities in nuclear
fusion plasma

Estimating secret parameters of a chaos based random
number generator

Arturo Buscarino, Carlo Famoso, Luigi Fortuna, Mattia Frasca
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Studying nuclear fusion reactions is a topic which involves expertise
ranging from physics to engineering and nonlinear dynamics. During
nuclear fusion experiments, in fact, the extreme working conditions
created in the reactor lead to plasma instabilities phenomena, such as
Edge Localized Modes. These unwanted plasma behaviors may lead to
dangerous damage of the whole nuclear fusion machines and
consequently, the overall experimental setup. Furthermore, instabilities
give rise to strong nonlinear behaviors whose modeling becomes a
very important task in order to be able to control them and, therefore,
avoiding dramatic scenario. In this paper, we present a new nonlinear
circuit based on the mathematical model related to Edge Localized
Modes. The circuit is realized with simple off-the-shelf discrete
components and it is able to mimic fluctuation in the magnetic field
during instabilities. A series of bifurcation towards chaos is then
experimentally analyzed acting on system parameters. The proposed
circuit is then used to identify real parameters by synchronizing it with
the real dataset, acquired during the fusion experiment at the Joint
European Torus (JET). Several bifurcation scenario are experimentally
derived and compared with the simulated model results. The main goal
is to obtain a suitable physical system able to fit experimental data
exploiting a network of coupled circuits. Some preliminary results
showed that such a network is able to reproduce patterns and complex
dynamics observed in real experiments.

A novel estimate system is proposed to discover the security
weaknesses of a chaos based random number generator (RNG).
Convergence of the estimate system is proved using autosynchronization. Secret parameters of the target RNG are recovered
where the available information are the structure of the RNG and a
scalar time series observed from the target chaotic system. Simulation
and numerical results verifying the feasibility of the estimate system are
given such that, next bit can be predicted while the same output bit
sequence of the RNG can be regenerated.
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Wireless communication with chaos
Hai-Peng Ren
Xi'an University of Technology, China

Chaos has been extensively investigated for many application fields,
among them, communication with chaos is special interesting due to its
properties like broad band frequency spectrum, pulse like correlation,
etc. Most conventional researches about communication with chaos
are focus on the ideal channel with additive white noise. Recently,
communication with chaos in wireless channel attracts more attentions.
Wireless channel has serious constraints like multipath propagation,
complicated noise. Chaotic signals are modified strongly in time
domain and phase topology structure in the wireless channel.
Therefore, whether the information in chaotic signal after transmitted
through wireless channel is lost or not become a fundamental problem
for using chaos for wireless communication. A positive answer is given
for this problem in this talk based on our recent work, which indicates
the possibility for wireless communication with chaos. A work in 2015
by Ned show that chaotic signal is a very good candidate for
communication because it has very simple corresponding matched
filter to maximize the signal to noise ratio. These results indicate that
chaos not only could be used for wireless communication but also
should be used for wireless communication. Based on these results,
this talk will also demonstrate chaos can be used to alleviate the impact
of multipath propagation by both simulation and experiment.
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Compressive sensing based prediction of complex
dynamics and complex networks
Celso Grebogi
Institute for Complex Systems and Mathematical Biology, University of Aberdeen,
United Kingdom

In the fields of complex dynamics and complex networks, the reverse
engineering, systems identification, or inverse problem is generally
regarded as hard and extremely challenging mathematically as
complex dynamical systems and networks consists of a large number
of interacting units. However, our ideas based on compressive sensing,
in combination with innovative approaches, generates a new paradigm
that offers the possibility to address the fundamental inverse problem in
complex dynamics and networks. In particular, in this talk, I will argue
that evolutionary games model a common type of interactions in a
variety of complex, networked, natural systems and social systems.
Given such a system, uncovering the interacting structure of the
underlying network is key to understanding its collective dynamics.
Based on compressive sensing, we develop an efficient approach to
reconstructing complex networks under game-based interactions from
small amounts of data. The method is validated by using a variety of
model networks and by conducting an actual experiment to reconstruct
a social network. While most existing methods in this area assume
oscillator networks that generate continuous-time data, our work
successfully demonstrates that the extremely challenging problem of
reverse engineering of complex networks can also be addressed even
when the underlying dynamical processes are governed by realistic,
evolutionary-game type of interactions in discrete time. I will also touch
on the issue of detecting hidden nodes, on how to ascertain its
existence and its location in the network, this being highly relevant to
metabolic networks.

Related work:
W.-X. Wang, R. Yang, Y.-C. Lai, V. Kovanis, C. Grebogi, “Predicting catastrophe in
nonlinear dynamical systems by compressive sensing,” Phys. Rev. Lett. 106, 154101
(2011).
W.-X. Wang, Y.-C. Lai, C. Grebogi, J. Ye, “Network reconstruction based on
evolutionary-game data via compressive sensing,” Phys. Rev. X 1, 021021 (2011).
W.-X. Wang, X. Ni, Y.-C. Lai, C. Grebogi, “Optimizing controllability of complex
networks by minimum structural perturbations,” Phys. Rev. E 85, 026115 (2012).
R. Yang, Y.-C. Lai, C. Grebogi, “Forecasting the future: Is it possible for adiabatically
time-varying nonlinear dynamical systems?” Chaos 22, 033119 (2012).
W.-X. Wang, Y.-C. Lai, C. Grebogi, “Data based identification and prediction of
nonlinear and complex dynamical systems,” Phys. Reports 644, 1-76 (2016).
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The new field of Network Physiology: Mapping the human
physiolome
Plamen Ch. Ivanov
Keck Laboratory for Network Physiology, Boston University, USA
Harvard Medical School and Division of Sleep Medicine, Brigham and Women's
Hospital, USA

The human organism is an integrated network where complex
physiological systems, each with its own regulatory mechanisms,
continuously interact to coordinate and optimize their functions. Organto-organ interactions occur at multiple levels and spatio-temporal time
scales to maintain health and generate distinct physiologic states and
conditions: wake and sleep; light and deep sleep; consciousness and
unconsciousness. Disrupting organ communications can lead to
dysfunction of individual systems or to collapse of the entire organism.
Yet, we know almost nothing about the nature of the interactions
among physiologic systems and their collective role as a network in
physiologic states and functions. Applying a system-wide integrative
approach, we identify an entire network of dynamic interactions among
the cerebral, cardiac, respiratory, ocular and locomotor systems. We
find that each physiological state is characterized by a specific network
structure with low connectivity during deep sleep and REM, and high
connectivity during light sleep and wake, demonstrating a robust
association between network topology and physiologic functions.
Further, specific frequency bands mediate organ network interactions
during different physiologic states. Across sleep stages, the network
undergoes topological transitions with fast hierarchical reorganization
of physiological interactions on time scales of a few seconds, indicating
high network flexibility to achieve differentiation in function. These
findings provide new insights into how health and distinct physiologic
states emerge from networked interactions among complex multicomponent physiological systems. The presented investigations and
results are initial steps in building a first atlas of dynamic interactions
among organ systems, generating a new kind of BigData, the Human

Physiolome, and laying the foundations of a new interdisciplinary field,
Network Physiology.
Related work:
A. Bashan, R.P. Bartsch, J.W. Kantelhardt, S. Havlin, P.Ch. Ivanov, “Network
physiology reveals relations between network topology and physiological function,” Nat.
Commun. 3, 702 (2012).
P.Ch. Ivanov and R.P. Bartsch, “Network Physiology: Mapping Interactions Between
Networks of Physiologic Networks,” in “Networks of Networks: The Last Frontier of
Complexity” by G. D’Agostino and A. Scala (Eds.), Springer International Publishing
Switzerland, Series Title 5394, pp. 203-222 (2014).
K.K.L. Liu, R.P. Bartsch, A. Lin, R.N. Mantegna, P.Ch. Ivanov, “Plasticity of brain wave
network interactions and evolution across physiologic states,” Front. Neural Circuits
9:62 (2015).
R.P. Bartsch, K.K.L. Liu, A. Bashan, P.Ch. Ivanov, “Network Physiology: How Organ
Systems Dynamically Interact,” PLoS ONE 10(11):e0142143 (2015).
P.Ch. Ivanov, K.K.L. Liu, R.P. Bartsch, “Focus on the emerging new fields of network
physiology and network medicine,” New J. Phys. 18, 100201 (2016).
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Relativistic quantum chaos
Ying-Cheng Lai
Arizona State University, USA

The traditional field of quantum chaos, i.e., study of quantum
manifestations of classical chaos, has mostly been for nonrelativistic
quantum systems. Due to the rapid development of Dirac materials
such as graphene and topological insulators, a new field has emerged:
relativistic quantum chaos. The speaker will give an overview of this
field, discussing phenomena such as relativistic quantum scarring,
scattering, resonant tunneling, and superpersistent currents. An
emphasis will be on how classical chaos can be exploited to enhance
quantum performance.
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Spatio-temporal organization of the human genome
Alain Arneodo
Laboratoire Ondes et Matière d’Aquitaine, CNRS, France

In higher eukaryotes, the absence of specific sequence motifs marking
the origins of replication has been a serious hindrance to the
understanding of the mechanisms that regulate the initiation and the
maintenance of the replication program in different cell types. Here we
report on an in silico multi-scale analysis of nucleotide compositional
skew that predicts the existence, in the germline, of replication Ndomains bordered by (more than 1000) putative “master” replication
origins and where the skew decreases rather linearly as the signature
of a progressive inversion of the average fork polarity. From the
demonstration that the average fork polarity can be directly extracted
from the derivative of experimentally available replication timing
profiles, we develop a wavelet-based pattern recognition methodology
to delineate replication U-domains where the replication timing profile is
shaped as a U and its derivative as a N. Replication U-domains are
robustly found in seven cell lines as covering a significant portion
(40-50%) of the human genome. When mapping genomic and
epigenetic data, including recent chromatin interaction (Hi-C) data, we
show that U-domains actually correspond to high-order chromatin
structural units that likely contribute to the compartmentalization of the
genome into autonomous domains of gene transcription and
replication. When further investigating evolutionary breakpoint regions
along human chromosomes, we show that they appear more frequently
near the predicted origins suggesting that the distribution of large-scale
rearrangements in mammals reflects a mutational bias towards fragile
regions of high transcriptional activity and replication initiation. The fact
that chromosome anomalies involved in the tumoral process coincide
with replication N-domain extremities raises the possibility that the
replication origins detected in silico are potential candidate loci

susceptible to breakage in some cancer cell types.
Related work:
A. Arneodo, Goldar, F. Argoul, O. Hyrien, B. Audit, “Genome-wide alterations of the
DNA replication program during tumor progression,” AIP Conf. Proc., 1760, 020002
(2016).
R. Boulos, G. Drillon, F. Argoul, A. Arneodo, B. Audit, “Structural organization of human
replication timing domains,” FEBS Lett. 589, 2944 (2015).
B. Audit, A. Baker, C.L. Chen, A. Rapaille, G. Guilbaud, H. Julienne, A. Goldar,
Y. D'Aubenton-Carafa, O. Hyrien, C. Thermes, A. Arneodo, “Multi-scale analysis of
genome wide replication timing profiles using a wavelet-based signal processing
algorithm,” Nat. Protoc. 8, 98 (2013).
A. Arneodo, C. Vaillant, B. Audit, F. Argoul, D'Aubenton-Carafa, C. Thermes, “Multiscale coding of genomic information: from DNA sequence to genome structure and
function,” Phys. Rep. 498, 45 (2011).
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The big ear concept

Coherence resonance in a neural network
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Auditory input is arguably one of the most complex signals that we deal
with, with an intricate sensor the full complexity of which we are just
about to understand. Audition deals with exceptionally complex data on
multiple scales, dimensions and modes: in addition to their intrinsic
frequency, signal parts arriving from different sources extending across
overlapping time intervals, are coherently grouped and interpreted.
Thus, auditory processing shares extremely many parallels with Big
Data, that deals with ‘too big, too complex and too quickly varying data’
to be analyzed conventionally, and, due to this nature, has resisted
attempts to extract correlations from which to formulate hypotheses.
During evolution, human hearing has been able to effortlessly ramp up
hearing along with an ever increasing demand in information
processing due to the evolution of its own biophysical construct and the
human society into which this is embedded. We pursue the hypothesis
is that the mammalian auditory processing system hosts a still
undiscovered novel approach to information processing, from which we
will extract a set of evolution-optimized solution paradigms
implementing the auditory system’s ability to identify events and
correlation among events on any scale level and across all scale levels.
We emphasize that this processing reaches beyond ‘massive parallel
computation’ on a ‘deep layer structure’: It exhibits a complex network
of feedback structures and provides a blueprint for a special purpose
computational structure composed of units characteristic of mammalian
brains.

We find that the regularity in the spiking behaviour of a neural network
maximizes at a certain level of environment noise. This effect referred
to as coherence resonance is demonstrated in a random complex
network of Rulkov neurons. An external stimulus added to some of
neurons excites them, and then activates other neurons in the network.
The network coherence is also maximized at the certain stimulus
amplitude, coupling strength, and the number of stimulated neurons.
The coherence enhancement is characterized by the normalized
standard deviation from the average inter-spike interval and by the
signal-to-noise ratio calculated from power spectra of the excited
neurons. Synchronization in the neural network also exhibits a nonmonotonic dependence on the network size.
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Stochastic and chaotic resonance in cerebellum

An estimate of the uncertainty in mortality projections

Olesya V. Altunina, Vladimir V. Shakirov and Witali L. Dunin-Barkowski
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Cerebellum is known as a part of the brain where the bulk of fine
details of any neural action, be it mechanical or mental, is elaborated
and stored. These functions extensively rely on specialized learning
processes. A neural loop from climbing fiber cell (CFC) to Purkinje cell
(PC) to cerebellar nuclei cells and back to CFC along with activity
dependent plasticity of granule cells to PC synapses constitute the
dynamic core of cerebellar learning, which involves simultaneous
positive and negative feedback. Positive feedback is supported by
ionotropic components of one excitatory and two inhibitory consecutive
synapses within the loop. Plasticity based negative feedback is
organized in irregular cycles with an average period of one second.
With the help of our computational model, we argue that a well
patterned irregularity in this system (i.e. chaotic resonance) is caused
by dynamic chaos dependent on synaptic plasticity. Using Poincare
plotting of CFC inter-spike intervals, we characterize in significant detail
patterns and parameters of CFC firing self-organization. We also
demonstrate that there is an optimal amplitude of random noise (i.e.
stochastic resonance) that maintains the learning capacity of the
system high over long periods of functioning.
Besides, we use statistical measures and ordinal analysis to evaluate
resemblance between impulse sequences in our model and the
sequences of guinea pig PC complex spikes generation times obtained
in previous experiments.
The work is supported by RFBR grant No. 16-07-01059.
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It is a great challenge for life (re)-insurers and pension funds to not only
predict future mortality developments, but also estimate the uncertainty
in such predictions. Various deterministic and stochastic approaches
exist to model this, yet the proper calibration of these models remains
difficult. Using mortality values of a set of selected industrial nations,
we first estimate the inherent trend uncertainty in past mortality
developments. We then formulate a novel method to fine-tune a simple
but well-motivated stochastic mortality model. This enables a better
characterisation of longevity risk in general, and facilitates the
allocation of appropriate risk capital.
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Forecasting correlation structures

Random antagonistic matrices

Martin Schüle1, Thomas Ott1, Peter Schwendner2

Giovanni Cicuta

1 Institute
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2 ZHAW School of Management and Law, Zurich University of Applied Sciences,
Switzerland

Often the signature of a complex system is a couple of empirically
found time series. In many cases the exact processes generating these
series are unknown and a merely descriptive data analysis is
undertaken. A popular tool to describe the structural behaviour of the
complex system is thereby the analysis of the correlation structure, i.e.,
the system of pairwise correlations.
As the correlation coefficients are calculated from a given data set, the
analysis usually does not allow to forecast the future correlated
behaviour of the system. However, in many examples of complex
systems, the dynamic correlation structure shows certain patterns that
form and cluster and dissipate again over time. If there are thus certain
consistent patterns in the analyzed correlation structure to be found,
the joint behaviour of the system may be forecasted, at least for short
time periods.
We present such an approach to forecast correlation matrices by
means of a financial time series example. By analyzing the
eigenmodes of the correlation matrices for oscillation patterns the main
market dynamics are identified. Then, the principal eigenmode
oscillations are forecasted by multivariate autoregressive and meanreversion models allowing to infer the future correlation structure for
certain time periods. The inferred correlation matrices are further
regularized and compared to benchmark models.
The proposed method can be of use in any field with the need of
analyzing empirical correlation structures, e.g. in climate research.
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The linear stability of a dynamical system is related to the property of a
matrix to be stable (the real part of all eigenvalues is negative). This
property is not easily implemented in ensembles of random matrices
useful to describe realistic large systems. We propose a new
ensemble, the random antagonistic matrices. Simple choices of joint
probability density for the entries are sufficient to generalize properties
of ensembles of antisymmetric matrices. The work is suggested by the
linearized dynamics of competitive species in ecology.
Related work:
G.M. Cicuta and L.G. Molinari, “Random antagonistic matrices,” J. Phys. A-Math.
Theor. 49, 375601 (2016).
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Coherent libration to coherent rotational dynamics via
chimeralike states and clustering in a Josephson junction
array

Jack on a devil's staircase (on the ground states of the
fractional quantum Hall effect)

Arindam Mishra1, Suman Saha3,4, Chittaranjan Hens5,
Prodyot K. Roy2,6, Mridul Bose1, Patrick Louodop7,8, Hilda A. Cerdeira7,
Syamal K. Dana2,9

Università degli Studi di Milano, Italy
INFN Milano, Italy
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for Complex System Research Kolkata, Kolkata, India
3 Department of Electronics, Asutosh College, Kolkata, India
4 Dumkal Institute of Engineering and Technology, Murshidabad, India
5 Department of Mathematics, Bar-Ilan University, Ramat Gan, Israel
6 Department of Mathematics, Presidency University, Kolkata, India
7 Instituto de Fısica Teórica, Universidade Estadual Paulista, São Paulo, Brazil
́
8 Department of Physics, University of Dschang, Dschang, Cameroon
9 CSIR-Indian Institute of Chemical Biology, Jadavpur, Kolkata, India
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An array of excitable Josephson junctions under a global mean-field
interaction and a common periodic forcing shows the emergence of two
important classes of coherent dynamics, librational and rotational
motion, in the weaker and stronger coupling limits, respectively, with
transitions to chimeralike states and clustered states in the
intermediate coupling range. In chimeralike states the synchronized
subpopulation remains in librational motion whereas the
desynchronized subpopulation exhibits rotational dynamics. In this
numerical study, we use the Kuramoto complex order parameter and
introduce two measures, a libration index and a clustering index, to
characterize the dynamical regimes and their transitions and locate
them in a parameter plane.
Related work:
A. Mishra, S. Saha, C. Hens, P.K. Roy, M. Bose, P. Louodop, H.A. Cerdeira, S.K. Dana,
“Coherent libration to coherent rotational dynamics via chimeralike states and
clustering in a Josephson junction array,” Phys. Rev. E 95, 010201 (2017).
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Luca Guido Molinari

The measured resistance of electrons in 2D, low temperature and
strong magnetic fields, exhibits fractional quantisation, with plateaux as
a function of the field. The corresponding ground states are well
described by Jack polynomials, that generalise Laughlin's ansatz to
several values of the filling fraction of the lowest Landau level. We
qualitatively reproduce the pattern of the plateaux by mapping the
microscopic Hamiltonian with Coulomb interaction to a 1D crystal lattice
model solved by Hubbard, in the thin torus limit. We also obtain the
operator in Fock space that maps the thin-torus ground states to Jack
polynomials (collaboration with P. Rotondo, M. Gherardi, A.
DiGioacchino, P. Ratti, V. Erba).
Related work:
P. Rotondo, L.G. Molinari, P. Ratti, M. Gherardi, “Devil’s Staircase Phase Diagram of
the Fractional Quantum Hall Effect in the Thin-Torus Limit,” Phys. Rev. Lett. 116,
256803 (2016).
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Learning of collision avoidance behavior using profit
sharing which learns deterministic policy for POMDPs
environment
Kenta Tanaka and Yuko Osana
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Synchronization of nonlinear units interacting through
activity-driven networks
Arturo Buscarino, Luigi Fortuna, Mattia Frasca, Lucia Valentina
Gambuzza, Giuseppe Nunnari

Tokyo University of Technology, Japan

University of Catania, DIEEI, Italy

In this paper, learning of collision avoidance behavior of robot is
realized using Profit Sharing which learns deterministic policy for
POMDPs (Partially Observable Markov Decision Processes)
environment. In an environment where obstacles are present, the robot
learns to reach from the start point to the goal point with as few steps
as possible while avoiding obstacles. The robot acquires the distance
to the wall measured by using a PSD (Position Sensitive Detector)
distance sensor and the average value of the RGB from the image
captured by the compact camera to recognize the wall and the
obstacle. Recognized results are used as observations. The action is
selected from go forward, left turn and right turn. Rewards are given
according to the number of steps to reach the goal. If the robot can not
avoid obstacles and collides with it, a negative reward is given. We
conducted experiments using a robot and confirmed that learning can
be performed by the proposed method. In addition, we simulated the
same environment that the robot actually operated, and learned in the
simulation environment. As a result, we confirmed that it can be
learned sufficiently in a shorter time than when operating the actual
robot. We also confirmed that the robot can be operated using the
value of the rule learned in the simulation environment and that the
goal can be reached with a small number of steps as in simulation.

Synchronization of chaotic systems coupled into a network
configuration, in an effort of simplifying the analysis of the problem, has
been often assumed to occur through interactions that do not vary in
time. However, in a more general perspective, the interconnections
may be the result of a dynamical process that leads pairs of network
nodes to interact in some time window and not at other times. This
situation is representative of scenarios where the nodes are associated
to mobile agents or where the interactions develop as a consequence
of an activity pattern of the network nodes. This work focuses on the
latter case study.
More in detail, we consider a set of chaotic oscillators (modeled by
Rössler equations) interacting according to a time-varying topology
generated by the activity-driven network model. In these networks,
each node is characterized by an activity rate, defined as the
probability per unit time to link to other units of the network and
distributed according to a power law. We have investigated
synchronization in these networks by performing extensive numerical
simulations and deriving analytical conditions holding when the links
evolve with a dynamics fast with respect to that of the chaotic units. We
have found numerical results in agreement with the theoretical
expectations. The power law distribution of the activity rates leads to
large variability of the thresholds for synchronization, so that the
prediction has to be particularized for the specific values of the activity
rates rather than be generalized to the entire class of networks.
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Synchronization phenomena of van der Pol oscillators with
frustration coupling scheme

Synchronization in coupled chaotic circuits with competitive
interactions

Kazuki Ueta, Yoko Uwate, Yoshifumi Nishio

Yoko Uwate1, Yoshifumi Nishio1 and Ruedi Stoop2,3

Tokushima University, Japan

It is important to understand synchronization phenomena to elucidate
various nonlinear phenomena. Synchronization are typical nonlinear
phenomena that we can often observe in natural animate beings with
collective actions. For example, we often observe firefly luminescence,
cry of birds and frogs, applause of many people, and so on. Therefore,
study of synchronization phenomena has been widely reported not only
in the engineering but also physical and biological fields. Especially,
investigation of coupled oscillators is focused by many researchers,
because coupled oscillatory networks produce interesting
synchronization phenomena, such as the phase propagation wave,
clustering, and complex patterns. In addition, these oscillatory patterns
are similar to biological and chemical reaction. However, the reports on
complex networks of coupled oscillators with more complicated
structures are not enough yet. In this study, we investigate a complex
network of van der Pol oscillators with a ring structure and a star
structure at the same time. By circuit experiments and computer
simulations, we observe several types of synchronization phenomena
by changing the number of oscillators and the coupling scheme.

1 Tokushima

University, Japan
of Neuroinformatics, University of Zurich and ETH Zurich, Switzerland
3 Institute for Computational Science, University of Zurich, Switzerland
2 Institute

Coupled oscillatory circuits provide simple models for high-dimensional
nonlinear real-world phenomena. Synchronization, in particular, is one
of the most important features that can be described and explored with
the help of oscillators, because, upon their coupling, strongly correlated
rhythms emerge among the oscillators, called synchronized states.
Here, we present results obtained for a new paradigm of coupled
oscillatory networks, called competitive interaction networks.
Whereas in the past, emphasis was on the role that the interactions
themselves have on the synchronized states, the focus in competitive
interaction networks is on the effect that temporal on/off switching of
connections may have on synchronization. In our approach that is
largely based on simulated hardware oscillators, we not only reveal the
salient properties of a process that has great engineering relevance,
we also pave the way towards a mathematical analysis of the observed
synchronization phenomena.
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Emergent stochastic oscillations and information
processing in star and tree networks of excitable elements

Recent advances in the design of discrete-time models of
spiking neural networks

Alexander Neiman1, Ali Khaledi Nasab1, Justus Kromer2,
Lutz Schimansky-Geier2

Nikolai F. Rulkov
BioCircuits Institute, University of California, San Diego, USA

1 Ohio

University, USA
2 Humboldt University at Berlin, Germany

We study the stochastic dynamics of strongly-coupled excitable
elements on star and tree networks. The peripheral nodes receive
independent random inputs which may induce large spiking events
propagating through the branches of the tree and leading to global
coherent oscillations in the network. This scenario may be relevant to
action potential generation in certain sensory neurons, which possess
myelinated distal dendritic tree-like arbors with excitable nodes of
Ranvier at peripheral and branching nodes, and may exhibit noisy
periodic sequences of action potentials. A biophysical model of distal
branches of a sensory neuron in which nodes of Ranvier are coupled
by myelinated cable segments is used along with a generic model of
networked stochastic active rotators. We focus on the spiking statistics
of the central node, which fires in response to independent noisy
inputs at peripheral nodes. We show that, in the strong coupling
regime, relevant to myelinated dendritic trees, the spike train statistics
can be predicted from an isolated excitable element with rescaled
parameters according to the network topology. Furthermore, we show
that by varying the network topology the spike train statistics of the
central node can be tuned to have a certain firing rate and variability,
or to allow for an optimal discrimination of inputs applied at the
peripheral nodes.

Complex behavior and diversity of spatio-temporal activities of
neurobiological networks, observed at various functional states of the
brain and other nervous system components, are formed by intrinsic
properties of neurons, structure and plasticity of synaptic connections,
and stimuli received by the network. Understanding the mechanisms
behind the qualitative changes of the network activity usually relies on
numerical simulations of network models containing very large number
of neurons, which demonstrate very rich nonlinear dynamics. Such
simulations require the use of models capable of capturing realistic
dynamical properties and specific response characteristics of neurons
and synapses. The models also have to be computationally efficient to
enable analysis of large-scale networks in their parameter spaces.
This paper discusses reduced models implemented in the form of
difference equations (map-based models) capable of capturing intrinsic
and response dynamics of spiking in biological neurons generating
neuronal states with relatively large time intervals of up to 0.5ms. This
approach allows fast simulations and efficient parameter space
analysis of networks containing hundreds of thousands of neurons of
different types using an ordinary PC. We briefly discuss large-scale
simulations of cortical networks implemented using map-based
neurons, spatio-temporal network dynamics as a function of
parameters of synaptic interconnections and intrinsic states of the
neurons. The paper focuses on recent advances in the design of mapbased models motivated by new application areas and computational
task requirements. We also discuss essential elements of nonlinear
analysis associated with the development of suitable map equations
that capture specific dynamic properties of neurons and synapses.
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Using symmetries and equitable partitions together to find
all synchronization clusters and their stability

Bellerophon states: Coexistence of quantized, time
dependent, clusters in globally coupled oscillators

Louis M. Pecora

Stefano Boccaletti1, Hongjie Bi2, Xin Hu3, Xingang Wang4, Yong Zou2,
Zonghua Liu2, Shuguang Guan2

US Naval Res. Labs, Washington DC, USA

1 CNR,

Many networks of coupled oscillators are observed to produce patterns
of synchronized clusters where all the oscillators in each cluster have
exactly the same dynamical trajectories in state space, but not the
same as oscillators in other clusters. It has been difficult to predict
these clusters in general. We show the intimate connection between
network symmetry and cluster synchronization.
We apply
computational group theory to reveal the clusters and determine their
stability. Other synchronization clusters are possible in addition to the
symmetry clusters (SC). These are equitable partitions (EP) of the
network. We show that the EP can be constructed by the merging of
appropriate SC. We show that this construction also allows the
derivation of further simplified stability (variational) equations for the EP
case thus allowing the SC and EP approaches to compliment each
other. The connection between symmetry and cluster synchronization
is experimentally explored using an electro-optic network.

Italy
China Normal University, China,
3 Chinese Academy of Sciences, China,
4 National University of Singapore, Singapore
2 East

From rhythmic physiological processes to the collective behaviors of
technological and natural networks, coherent phases of interacting
oscillators are the foundation for the emergence of the system's
cooperative functioning. We unveil the existence of a new of such
states, occurring in globally coupled nonidentical oscillators in the
proximity of the point where the transition from the system's incoherent
to coherent phase converts from explosive to continuous. In such a
state, oscillators form quantized clusters, where they are neither phasenor frequency-locked. 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 Chimera states, the phase is termed the Bellerophon state. We
provide analytical and numerical description of the microscopic and
macroscopic details of Bellerophon states, thus furnishing practical
hints on how to seek for the new phase in a variety of experimental and
natural systems.
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Dimension from covariance matrices

Solvable chaos

Thomas L. Carroll

Ned Corron

US Naval Research Lab, USA

US Army AMRDEC, USA

I describe a method to estimate embedding dimension from a time
series. This method includes an estimate of the probability that the
dimension estimate is valid. Such validity estimates are not common in
algorithms for calculating the properties of dynamical systems. The
algorithm described here compares the eigenvalues of covariance
matrices created from an embedded signal to the eigenvalues for a
covariance matrix of a Gaussian random process with the same
dimension and number of points. A statistical test gives the probability
that the eigenvalues for the embedded signal did not come from the
Gaussian random process

We describe several chaotic oscillators that exhibit continuous solution
waveforms with an exact analytic representation.
These exact
solutions are in the form of a binary communication waveform,
composed of a discrete information sequence convolved with a fixed
basis function. These relatively simple oscillators can be practically
realized in electronic circuits, enabling straightforward generation of
random signals. We discuss potential application of solvable chaos for
remote sensing, data communications, and physical random number
generation.
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Reconstructing networks of pulse-coupled oscillators from
spike trains

Multiscale causality analysis

Rok Cestnik and Michael Rosenblum

University of Bari Aldo Moro, Italy

University of Potsdam, Germany

We start with a short introduction into the problem of network
connectivity reconstruction from data and briefly discuss the case when
the nodes are self-sustained oscillators and the signals are suitable for
phase estimation. Next we consider a more complicated case when
the measurements represent sequences of spikes and present an
approach for reconstructing networks of pulse-coupled neuron-like
oscillators from passive observation of pulse trains of all nodes. It is
assumed that units are described by their phase response curves
and that their phases are instantaneously reset by incoming pulses.
Using an iterative procedure, we recover the properties of all nodes,
namely their phase response curves and natural frequencies, as well
as strengths of all directed connections.
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Stramaglia, Sebastiano
In the study of complex physical and physiological systems
represented by multivariate time series, an issue of great interest is
the description of the system dynamics over a range of different
temporal scales. While information-theoretic approaches
to
the
multiscale analysis of complex dynamics are being increasingly
used, the theoretical properties of the applied measures are
sometimes poorly understood, in particular those related to causality
and notions like synergy and redundancy. I will introduce a framework
for the analytical computation of information dynamics for linear
multivariate stochastic processes explored at different time scales, and
discuss possible extensions. The improved computational reliability of
the proposed frame is exploited to disclose meaningful multiscale
patterns of information transfer in physiological systems (heart-brain
interaction) as well as between global temperature and carbon dioxide
concentration time series, both in paleoclimate and in recent years.
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Whole-neighbourhood similarity measures permit big-data
analysis with controllable bias

K-means clustering using an improved firefly algorithm
applied to real world data sets

Tom Lorimer1, Ruedi Stoop1,2
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A first step in the analysis of data typically is to look for structure. This
often begins with the search for ‘clusters', sets of data points made up
by ‘similar’ data. Recent work has revealed, however, that many
popular clustering algorithms identify clusters that are inconsistent with
real-world data structures. This is because cluster tags do not contain
the full relevant data structure, and because even advanced present
day data clustering approaches modify the underlying data structures in
a largely unpredictable manner. We present a novel framework based
on graphs, for the identification and representation of arbitrary high
dimensional data structure. In the approach, we apply wholeneighbourhood non-iterative measures of similarity between nodes on
a k-nearest-neighbour graph over the data. In this way, we can prune
non-representative edges in a tuneable manner, taking into account
specific interest that an observer has in the data. From the resulting
graphs, standard network characteristics can be extracted. In
conjunction with a novel visualisation scheme, this approach is fully
general, transparent, controllable and interpretable. We validate our
approach on synthetic and natural data sets, exhibiting different
strengths of the proposed method.

K-means clustering is a type of unsupervised learning, which is well
used when the number of clusters is known and the clusters tend to be
spherical. The goal of the K-means algorithm is to find K cluster centers
and assign each object to the closest cluster center such that the sum
of the squared distances between the objects and the corresponding
cluster centers is minimal. This means that the K-means clustering
problem is a minimum optimization problem.
The firefly algorithm (FA) has been proposed by Yang and is idealized
the flashing characteristics of fireflies. FA is an efficient optimization
algorithm because it has a deterministic component and a random
component. In 2011, Senthilinath et al. proposed a new algorithm
combined the firefly algorithm and the K-means algorithm (KMFA).
Numerical experiments have indicated that this algorithm is more
efficient than the K-means algorithm or other improved algorithms.
In this study, we propose a new algorithm that used improved firefly
algorithm for the K-means clustering (KMIFA). In this algorithm, each
firefly has its own new parameter. The new parameter has a following
effects on the movement of firefly. At the beginning of the search, all
fireflies move with a relatively strong random influence. Hence, they
can more easily escape from local optima. As number of iterations
increases, the firefly does not move randomly. Therefore, the firefly
tends to converge. We compare the K-means algorithm, KMFA and
KMIFA using several data sets. These experiments indicate that our
algorithm is more efficient than the other algorithms.
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A Hamiltonian Monte Carlo method for boosting Bayesian
parameter inference of stochastic differential equation
models

Hardware neuron-like generator with spiking and bursting
behavior

Simone Ulzega1 and Carlo Albert2
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Wädenswil, Switzerland
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Parameter inference is a fundamental problem in data-driven modeling.
Indeed, for making reliable probabilistic predictions, model parameters
need to be calibrated to measured data and their uncertainty needs to
be quantified. Bayesian statistics is a consistent framework where
knowledge about parameters is expressed through probability
distributions. These so-called posterior distributions can become
computationally very expensive to evaluate, especially with non-trivial
stochastic models. We present a novel Hamiltonian Monte Carlo
method for boosting Bayesian parameter inference of nonlinear
stochastic differential equation models. The algorithm relies on the
reinterpretation of the posterior distribution as the partition function of a
statistical mechanics system akin to a polymer. We thus reduce the
Bayesian inference problem to simulating the dynamics of a fictitious
linear molecule whose dynamics are confined by the data and the
model. Our approach is very efficient, applicable to a wide range of
inference problems and highly parallelizable.

Mikhail A. Mishchenko and Valery V. Matrosov
The hardware implementation of the neuron-like model based on the
phase-locked loop has been developed. Mathematical modelling
carried out earlier has shown the presence of different self-oscillating
modes. Oscillations in this modes are qualitatively similar to some
dynamic modes of neurons. We have observed regular spiking, regular
bursting and chaotic bursting modes. The number of spikes in burst
could be controlled by model parameters. Parameter space of the
model has been separated into areas of different modes presence by
bifurcation analysis of model dynamics.
We developed a hardware electronic prototype of the model.
Oscillations in the prototype have been observed. Similar selfoscillating modes have been found in hardware as in mathematical
model. We could control parameters of the model in hardware by
changing values of some elements (digital potentiometers, frequency
dividers) via PC user interface that lead to mode change and
oscillations’ parameter control (period, amplitude etc.) Areas of different
dynamic modes have been investigated experimentally. Hardware
prototype could work both in real-time (real neuron time scale) and
accelerated time.
The reported study was funded by RFBR, according to the research project No.
16-31-60080 mol_а_dk and No. 16-32-00643 mol_а.
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Synchronization phenomena in coupled neuronal circuits via
memristor

Divergent solutions on memristor numerical simulations

Dimitris Prousalis

Universidade Federal dos Vales do Jequitinhonha e Mucuri, Institute of Engineering,
Science and Technology, Brazil
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Memristor had been first theorized nearly 40 years ago by Prof. Chua,
as the fourth fundamental circuit element beside the three existing
elements (Resistor, Capacitor and Inductor), but because no one has
succeeded in building a memristor, it has long remained a theoretical
element. Some years ago, Hewlett-Packard announced that it has been
created. Since then, many researchers show that memristors span a
much broader vista of complex phenomena and potential applications
in many fields, including neurobiology. Especially, they proposed that
memristors can simulate synapses because electrical synaptic
connections between two neurons can seemingly strengthen or
weaken depending on when the neurons fire. For this reason, many
well-known neuronal circuits, in which the nonlinear element has been
replaced by memristors, have been proposed. In this work, neuron
models will be the subject of study by using coupling schemes in which
a memristor has been used as an artificial synapse. The proposed
coupling system is solved numerically by applying the fourth-order
Runge-Kutta algorithm and various tools of nonlinear dynamics such as
the bifurcation diagram and the phase portraits have been used. As it
will be presented in detail, the coupling neuronal system show
interesting dynamical behavior, such as chaos, periodic behavior and
synchronization. Also, its circuital implementation of the coupling
neuronal memristive system is investigated. Synchronization of the
coupling scheme of neurons can play a role in the communication of
the neural networks.

Fabiano A.S. Ferrari, Thiago L. Prado and Antônio C. Telau

Memristor is an electronic device able to switch reversibly between two
conductive states. In 1971, Leon Chua proposed theoretically the
existence of a memristor. However, only in 2008, researchers at the HP
Labs were able to develop a memristor experimentally.
The memristor developed at the HP Labs consists of a bi-layer
composed of two overlapped titanium-oxide thin films with distinct
number of oxygen vacancies (TiO2 and TiO2-x). The hallmark of
memristor is a pinched hysteretic loop in the voltage-current plane.
When a sinusoidal voltage is applied in the memristor, the movement of
ionized dopant between the layers causes variation in the electric
conductivity. The first mathematical models to explain this behavior
have considered ionic linear drifts between the layers. More realistic
models, however, take into account asymmetries in the hysteretic loop
and consider the ionic drifts as nonlinear.
Most of the memristor models are based on differential equations.
These equations are solved using numerical integration, usually,
Runge-Kutta's or Adams's based methods. Boundary and initial
conditions dependencies might lead to different or wrong solutions.
Many researchers do not inform the initial conditions or comment about
the model limitations in their papers. Besides, depending on the
integration method and the step size different results can be found.
Failures in the integration method can be detected when straight lines
are exhibited instead of curves in the voltage-current plane. As we will
show in this work, these problems can be reduced when proper models
and proper boundary conditions are defined.

