
PHYSICS, COMPUTATION, AND 
THE MIND — ADVANCES AND 
CHALLENGES AT INTERFACES
Proceedings of the 12th Granada Seminar on 
Computational and Statistical Physics

La Herradura, Spain     17 – 21 September 2012

All papers have been peer reviewed.

SPONSORING ORGANIZATIONS
Institute Carlos I for Theoretical and Computational Physics 
European Network for Scientifi c Computation CECAM 
The European Physical Society
University of Granada

EDITORS
Pedro L. Garrido

Joaquín Marro
Joaquín J. Torres

Universidad de Granada, Granada, Spain

J. M. Cortés
Biocruces Health Research Institute,  Barakaldo, Spain

Melville, New York, 2013

AIP | CONFERENCE PROCEEDINGS      1510



Editors

Pedro L. Garrido
Joaquín Marro
Joaquín J. Torres

Instituto Carlos I de Física Teórica y Computacional
Facultad de Ciencias
Universidad de Granada
Granada 18071
Spain

Email:  garrido@ugr.es
              jmarro@ugr.es
              jtorres@onsager.ugr.es

J. M. Cortés
Computational Neuroimaging Group 
Biocruces Health Research Institute
Hospital Universitario de Cruces
Plaza de Cruces, s/n
E-48903 Barakaldo
Spain

E-mail: Jesus.m.cortes@gmail.com

Authorization to photocopy items for internal or personal use, beyond the free copying permitted 
under the 1978 U.S. Copyright Law (see statement below), is granted by the American Institute of 
Physics for users registered with the Copyright Clearance Center (CCC) Transactional Reporting 
Service, provided that the base fee of $30.00 per copy is paid directly to CCC, 222 Rosewood Drive, 
Danvers, MA 01923, USA: http://www.copyright.com. For those organizations that have been 
granted a photocopy license by CCC, a separate system of payment has been arranged. The fee code 
for users of the Transactional Reporting Services is: 978-0-7354-1128-9/13/$30.00.

© 2013 American Institute of Physics

No claim is made to original U.S. Government works.

Permission is granted to quote from the AIP Conference Proceedings with the customary acknowl-
edgment of the source. Republication of an article or portions thereof (e.g., extensive excerpts, 
figures, tables, etc.) in original form or in translation, as well as other types of reuse (e.g., in course 
packs) require formal permission from AIP and may be subject to fees. As a courtesy, the author of 
the original proceedings article should be informed of any request for republication/reuse. Permission 
may be obtained online using RightsLink. Locate the article online at http://proceedings.aip.org, 
then simply click on the RightsLink icon/“Permissions/Reprints” link found in the article abstract. 
You may also address requests to: AIP Office of Rights and Permissions, Suite 1NO1, 2 Huntington 
Quadrangle, Melville, NY 11747-4502, USA; Fax: 516-576-2450; Tel.: 516-576-2268; E-mail: 
rights@aip.org.

ISBN 978-0-7354-1128-9 (Original Print)
ISSN 0094-243X
Printed in the United States of America



v 

 

AIP Conference Proceedings, Volume 1510 

Physics, Computation, and the Mind— 

Advances and Challenges at Interfaces 

 

   

Table of Contents 

 

Preface: Physics, Computation, and the Mind—Advances and 

Challenges at Interfaces  

 
Pedro L. Garrido and Joaquín Marro 

 

 
1 

   
Steering Committee  

 
3 

   
Brain complexity born out of criticality  

 
E. Tagliazucchi and D. R. Chialvo 

 

 4 

   
Spontaneous neuronal activity as a self-organized critical phenomenon  

 
L. de Arcangelis and H. J. Herrmann 

 

 14 

   
The emergence of spontaneous activity in neuronal cultures  

 
J. G. Orlandi, E. Alvarez-Lacalle, S. Teller, J. Soriano, and J. Casademunt 

 

 25 

   
Critical and resonance phenomena in neural networks  

 
A. V. Goltsev, M. A. Lopes, K.-E. Lee, and J. F. F. Mendes 

 

 28 

   
Critical behavior near a phase transition between retrieval and non-

retrieval regimes in a LIF network with spatiotemporal patterns  

 
S. Scarpetta and A. de Candia 

 

 
36 

   
Observing scale-invariance in non-critical dynamical systems  

 
C. Gros and D. Marković 

 

 44 

   
Interplay activity-connectivity: Dynamics in patterned neuronal cultures  

 
E. Tibau, Ch. Bendiksen, S. Teller, N. Amigó, and J. Soriano 

 

 54 

   
From structure to function, via dynamics  

 
O. Stetter, J. Soriano, T. Geisel, and D. Battaglia 

 

 64 

   
Identification of informative subgraphs in brain networks  

 
D. Marinazzo, G. Wu, M. Pellicoro, and S. Stramaglia 

 

 74 

   
   



vi 

 

Signal transmission competing with noise in model excitable brains  

 
J. Marro, J. F. Mejias, G. Pinamonti, and J. J. Torres 

 

 85 

   
Does the phenomenon of stochastic amplification of fluctuations play a 

relevant role in cortical dynamics?  

 
J. Hidalgo, L. F. Seoane, J. M. Cortés, and M. A. Muñoz 

 

 
94 

   
Learning pattern recognition and decision making in the insect brain  

 
R. Huerta 

 

 101 

   
Tools, flies and what to do next  

 
A. Gomez-Marin 

 

 120 

   
Modeling of spontaneous zero-lag synchronization and wave propagation 

in cat spinal cord  

 

H. Kato, C. A. Cuellar, R. Delgado-Lezama, P. Rudomin, I. Jiménez,  

E. Manjarrez, and C. R. Mirasso 
 

 

124 

   
Modelling the anesthetized brain with ensembles of neuronal and 

astrocytic oscillators  

 
T. Hansard, A. C. Hale, and A. Stefanovska 

 

 
130 

   
Modeling state transition of hippocampal local field potential between 

theta rhythm and large irregular amplitude activity by bifurcation 

between a limit cycle and chaotic dynamics  

 
K. Tokuda, Y. Katori, and K. Aihara 

 

 

134 

   
The resemblance of an autocorrelation function to a power spectrum 

density for a spike train of an auditory model  

 
Y. V. Ushakov, A. A. Dubkov, and B. Spagnolo 

 

 
138 

   
Towards holographic “brain” memory based on randomization and 

Walsh-Hadamard transformation  

 
S. Dolev, S. Frenkel, and A. Hanemann 

 

 
142 

   
Scaling and intermittency of brain events as a manifestation of 

consciousness  

 

P. Paradisi, P. Allegrini, A. Gemignani, M. Laurino, D. Menicucci, and 

A. Piarulli 
 

 

151 

   
Pure state consciousness and its local reduction to neuronal space  

 
A. J. Duggins 

 

 162 

   
   



vii 

 

Fractal characterization of neural correlates of consciousness  

 
A. J. Ibañez-Molina and S. Iglesias-Parro 

 

 182 

   
Short-term synaptic plasticity and heterogeneity in neural systems  

 
J. F. Mejias, H. J. Kappen, A. Longtin, and J. J. Torres 

 

 185 

   
Neural networks with dynamical synapses: From mixed-mode 

oscillations and spindles to chaos  

 
K. Lee, A. V. Goltsev, M. A. Lopes, and J. F. F. Mendes 

 

 
195 

   
Stochastic resonance as an emergent property of neural networks  

 
M. A. Lopes, A. V. Goltsev, K.-E. Lee, and J. F. F. Mendes 

 

 202 

   
Spike-time reliability of layered neural oscillator networks  

 
K. K. Lin, E. Shea-Brown, and L.-S. Young 

 

 207 

   
Anticipated synchronization in neuronal network motifs  

 
F. S. Matias, L. L. Gollo, P. V. Carelli, M. Copelli, and C. R. Mirasso 

 

 210 

   
Spike timing analysis in neural networks with unsupervised synaptic 

plasticity  

 
B. E. P. Mizusaki, E. J. Agnes, L. G. Brunnet, and R. Erichsen Jr. 

 

 
213 

   
Introducing time-varying parameters in the Kuramoto model for brain 

dynamics  

 
S. Petkoski and A. Stefanovska 

 

 
216 

   
Oscillatory dynamics in an attractor neural network with firing rate 

adaptation  

 
S. Rathore, D. Bush, P. Latham, and N. Burgess 

 

 
219 

   
Exploring the future with anticipatory networks  

 
A. M. J. Skulimowski 

 

 224 

   
In vitro closed loop optical network electrophysiology: An introduction  

 
A. El Hady and W. Stühmer 

 

 234 

   
Experiments on clustered neuronal networks  

 
S. Teller and J. Soriano 

 

 244 

   

Effect of input noise on neuronal firing rate  

 
S. Gonzalo-Cogno and I. Samengo 

 

 247 

   
   



viii 

 

Unsupervised learning in neural networks with short range synapses  

 
L. G. Brunnet, E. J. Agnes, B. E. P. Mizusaki, and R. Erichsen Jr. 

 

 251 

   
Strategies to associate memories by unsupervised learning in neural 

networks  

 
E. J. Agnes, B. E. P. Mizusaki, R. Erichsen Jr., and L. G. Brunnet 

 

 
255 

   
Invariance of covariances arises out of noise  

 
D. Grytskyy, T. Tetzlaff, M. Diesmann, and M. Helias 

 

 258 

   
Dimensionality reduction of dynamical systems with parameters  

 
Ch. Welshman and J. Brooke 

 

 263 

   
The Neurona@Home project: Simulating a large-scale cellular automata 

brain in a distributed computing environment  

 
L. Acedo, J. Villanueva-Oller, J. A. Moraño, and R.-J. Villanueva 

 

 
267 

   
Can brains generate random numbers?  

 
V. Chvátal and M. Goldsmith 

 

 271 

   
Harmony perception and regularity of spike trains in a simple auditory 

model  

 
B. Spagnolo, Y. V. Ushakov, and A. A. Dubkov 

 

 
274 

   
List of Participants  

 
290 

   
List of Selected Contributions Presented at the Conference  

 
292 

   

   
Author Index  

 
295 

   
 




