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SUMMARY 
 

The aim of the PHOCUS project is to design and implement a photonics realization of a 

liquid state machine (LSM), with the potential for versatile and fast signal handling. We 

target to achieve high computational performance with only a small number of 

photonics components, using dynamical systems with time delay to realize the required 

high dimensionality for the LSM. 

In this third year we havesubmitted the following deliverables: 

 

 

 

 

 

We have also achieved the following Milestones: 
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30 
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BRIEF ACCOUNT OF THE PROGRESS OF THE PROJECT 
 

  

The third year of the project started on January 1
st
 2012.  

The fifth general meeting took place in Brussels, organized by the partner VUB, 

on July 2
nd

 and 3
rd

 with the participation of all group leaders as well as other members 

of the project. The first day was used to present the scientific achievements during the 

previous six months and the second one to discuss administrative issues and coordinate 

the tasks for the following six months. A successful progress of the project was 

observed and no correction actions were required. 

To organize the final deliverables and start to prepare the material for the final 

review, a one-day meeting took place in Mallorca on September 24
th

 with the 

participation of all the WPs leaders and some other members. 

 The group continued its activity by disseminating results in international 

journals, conferences as well as demonstration. At the end of the year a manuscript, 

with the first experimental implementation of an all-optical reservoir computing 

working at GHz rates, was accepted for publication in Nature Communications.The 

manuscript is the result of the close collaboration between the groups CSIC and UIB, 

although other members of the PHOCUS consortiumparticipated in discussions. The 

manuscript entitled “Parallel photonic information processing at GByte/s data rates 

using transient states” by D. Brunner, M.C. Soriano, C.R. Mirasso & I. Fischer, 

appeared in January 2013. It showed experimentally, andfor the first time,that a single 

semiconductor laser subject to delay optical feedback is capable of processing 

information at GByte/s as efficiently as the most advanced traditional reservoir 

computing approaches but at a much higher speed.  

During 2012 and according to the suggestions of the reviewers the Web page 

was reorganized and continuously updated. The web page (http:\\ifisc.uib-

csic.es/phocus) still contains the most relevant information about the project but now 

witha more appealing format. Concerning the EC funding, the money was received 

onMay16
th

 2012and was transferred without any delay to the rest of the partners. 

 During the last yearwe continued with the effort to promote the project and its 

results in the media.Just to highlight few examples, a press release about the article 

Photonic Nonlinear Transient Computing with Multiple-Delay Wavelength 

Dynamics, Romain Martinenghi, Sergei Rybalko, Maxime Jacquot, Yanne K. Chembo 
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& Laurent Larger,Physical Review Letters 108, 244101 (2012),from UFC partner was 

written by Giovanni Volpe in Optics and Photonics Phocus of September 2012.  

 

A press release, covering the paper Parallel photonic information processing at gigabyte 

per second data rates using transient states, D. Brunner, M.C. Soriano, C.R. Mirasso and I. 

Fischer, Nature Communications, 4DOI:10.1038/ncomms2368, (2013)was submitted and 

reported by different press agencies (see for details http://ifisc.uib-

csic.es/phocus/index.php?option=com_content&view=article&id=53&Itemid=59). The 

general impact was excellent, having interviews from Spain, USA and Russia. 

Moreover, the paper appeared in the cover page of Nature webpage during the week that 

the paper was published, as shown the image. 

 

 

 

 

 

 

 

Interestingly, the number of visits to the article via the web page was the largest, 

compared with the other articles of the same days, as shown in the graphic. It is 

remarkable that the web page was visited about 4500 times in one week. 
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PUBLICATIONS 
 

1. M. C. Soriano, J. Garcia-Ojalvo, C. R. Mirasso, and I. Fischer, Complex 

Photonics: Dynamics and applications of delay-coupled semiconductor lasers, 

accepted for publication in Review of Modern Physics (2013). 

2. D. Brunner, M.C. Soriano, C.R. Mirasso and I. Fischer“Parallel photonic 

information processing at gigabyte per second data rates using transient 

states”, Nature Communications, DOI: 10.1038/ncomms2368, (2013). 

3. M. C. Soriano,S. Ortín, D. Brunner, L. Larger, C. R. Mirasso, I. Fischer, and L. 

Pesquera “Optoelectronic reservoir computing: tackling noise-induced 

performance degradation”, Opt. Exp. 21, 12 (2013). 

4. L. Larger, M. C. Soriano, D. Brunner, L. Appeltant, J. M. Gutierrez, L. 

Pesquera, C. R. Mirasso, I. Fischer, Photonic information processing beyond 

Turing: an optoelectronic implementation of reservoir computing, Opt. Exp. 20, 

3241 (2012).  

5. K. Hicke, M. A. Escalona, M. C. Soriano, D. Brunner, I. Fischer and C. R. 

Mirasso, "Information processing using transient dynamics of semiconductor 

lasers subject to delayed feedback", Invited Paper, J. of Sel. Topics in Quantum 

Electron., accepted for publication.  

6. R. Martinenghi, S. Rybalko, M. Jacquot, Y. Chembo, L. Larger, "Photonic 

Nonlinear Transient Computing with Multiple-Delay Wavelength Dynamics", 

Physical Review Letters, Vol.108, 244101 (2012). 

7. L. Larger, "Delay dynamics in optoelectronics: fundamental and applications 

from chaos to fixed point, through limit cycles", accepted for publication in Phil. 

Trans. Roy. Soc. A, (2013). 

8. J. M. Gutiérrez, D. San-Martin, S. Ortin, and L. Pesquera, Simple Reservoirs 

with Chain Topology Based on a Single Time-Delay Nonlinear Node, ESANN 

2012 proceedings, European Symposium on Artificial Neural Networks, 

Computational Intelligence and Machine Learning, pp. 13-18,  i6doc.com publ., 

ISBN 978-2-87419-049-0. 

7. S. Ortin, D. San-Martin, L. Pesquera, and J. M. Gutiérrez,Photonic Single 

Nonlinear-delay Dynamical Node for Information Processing, SPIE 

Proceedings, "Semiconductor lasers and laser dynamics V", Eds. K. Panajotov, 
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M. Sciamanna, A. Valle, R. Michalzik, vol. 8432, art. 8432 14 (SPIE, 

Washington, DC), ISBN: 9780819491244. DOI: 10.1117/12.922463 (2012). 

8. M. C. Soriano, D. Brunner, S. Ortín, C. R. Mirasso, L. Larger, I. Fischer, and L. 

Pesquera,A Novel Photonics Approach to Unconventional Information 

Processing, European Conference and Exhibition on Optical Communication 

(ECEOC 2012), OSA Technical Digest (online) (Optical Society of America, 

2012), paper We.2.F.2. 

http://www.opticsinfobase.org/abstract.cfm?URI=ECEOC-2012-We.2.F.2 

9. D. Brunner, X. Porte, M. C. Soriano, and I. Fischer, Real-time frequency 

dynamics and high-resolution spectra of a semiconductor laser with delayed 

feedback, Sci. Rep. 2, 732 (2012). 

10. O. D‟Huys, I. Fischer, J. Danckaert, and R. Vicente, Spectral and correlation 

properties of rings of delay-coupled elements: Comparing linear and nonlinear 

systems, Phys. Rev. E 85, 056209 (2012). 

11. Otti D'Huys, Raul Vicente, Jan Danckaert and Ingo Fischer, Dynamical 

properties of two delay-coupled lasers: on spectra, correlations and 

synchronisation, Proceedings of SPIE Volume: 8432 Semiconductor Lasers and 

Laser Dynamics V, Editor(s): Panajotov, K; Sciamanna, M; Valle, A; et al., 

Article Number: 843215 DOI: 10.1117/12.922307 (2012). 

12. L. Appeltant, M.C. Soriano, G. Van der Sande, J. Danckaert, S. Massar, J. 

Dambre, B. Schrauwen, C. R. Mirasso, and I. Fischer, Computing using delayed 

feedback systems: towards photonics, Proceedings of SPIE Volume: Nonlinear 

Optics and Applications VI, vol. 8434, Article Number: 84341W DOI: 

10.1117/12.922805 (2012). 

13. 1.  H. Toutounji, J. Schumacher, G. Pipa.  “Optimized Temporal Multiplexing 

for Reservoir Computing with a Single Delay-Coupled Node”, Proceedings of 

the 2012 International Symposium on Nonlinear Theory and its Applications, 

Palma, Majorca, Spain  

14. 2. J. Schumacher, R. Haslinger, and G.Pipa, “Statistical modeling approach for 

detecting generalized synchronization”, Phys. Rev. E 85, 056215 (2012).  

15. E. J. Ngamga, D. V. Senthilkumar, A. Prasad, P. Parmananda, N. Marwan, and 

J. Kurths, “Distinguishing dynamics using recurrence-time statistics”, Phys. 

Rev. E 85  026217(1-10) (2012). 

http://www.opticsinfobase.org/abstract.cfm?URI=ECEOC-2012-We.2.F.2
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16. D. V. Senthilkumar,   M. Manju Shrii and J. Kurths, “Noise-enhanced phase 

synchronization in time-delayed Systems”, Phys. Rev. E 85 026218(1-6) (2012). 

17. M. Manju Shrii, D. V. Senthilkumar and J. Kurths, “Delay coupling enhances 

synchronization in complex networks”, Eurphys. Lett. 98 10003(1-6) (2012). 

18. K. Srinivasan, D. V. Senthilkumar, I. Raja Mohamed, K. Murali, M. 

Lakshmanan and J. Kurths, “Anticipating, complete and lag synchronizations in 

RC phase-shift network based coupled Chua's circuits without delay”, Chaos 22 

023124(1-9) (2012). 

19.  M. Manju Shrii, D. V. Senthilkumar and J. Kurths, “Delay-induced synchrony 

in complex networks with conjugate coupling”, Phys. Rev. E 85 057203(1-5) 

(2012). 

20. R. Suresh, D. V. Senthilkumar, M. Lakshmanan and J. Kurths, “Transition to 

complete synchronization and global intermittent synchronization  

in an array of time-delay Systems”, Phys. Rev. E 86 016212(1-7) (2012). 

21. R. Suresh, D. V. Senthilkumar, M. Lakshmanan and J. Kurths, “Global and 

partial phase synchronizations in arrays of piecewise linear time-delay 

systems”, Int. J. Bifurcation Chaos 22 1250178(1-25) (2012). 

22. Wei Zou, D. V. Senthilkumar, Yang Tang and J. Kurths, “Stabilizing oscillation 

death by multicomponent coupling with mismatched delays", Phys. Rev. E 86 

036210(1-9) (2012). 

23. X. L. Yang, D. V. Senthilkumar and J. Kurths, “Nontrivial influences of 

information transmission delays on noise-induced spatiotemporal patterns in 

complex neuronal networks", Chaos 22 043159(1-7) (2012). 

24. L. Weicker, T. Erneux, M. Jacquot, Y. Chembo, L. Larger, "Crenelated fast 

oscillatory outputs of a two delay electro-optic oscillator", Physical Review E, 

Vol.85, 026206 (2012). 

25.  L. Weicker, T. Erneux, O. D'Huys, J. Danckaert, M. Jacquot, Y. Chembo, L. 

Larger, "Strongly asymmetric square-waves in a time delayed system", Physical 

Review E, Vol.86, 055201(R)(2012). 
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EDITORIAL WORK 
 

1. Ingo Fischer, Guest Editor for a theme issue on “Dynamics, control and 

information in delay-coupled systems” in the Philosophical Transactions of the 

Royal Society A,accepted (2013). 

BOOK CHAPTERS 
 

1. Cristina M. Gonzalez, Miguel C. Soriano, M. Carme Torrent, Jordi Garcia-

Ojalvo, and Ingo Fischer, Dynamical and Synchronization Properties of Delay-

Coupled Lasers, in „Nonlinear Laser Dynamics: From Quantum Dots to 

Cryptography‟, Kathy Lüdge (Editor), Heinz Georg Schuster (Series Editor), 

ISBN: 978-3-527-41100-9, Wiley-VCH, Weinheim (2012). 

2. D. V. Senthilkumar, M. Manju Shrii and J. Kurths, Chapter 31 on “Phase and 

complete synchronizations in time-delay Systems” in the book on the 75th 

birthday of Prof. Leon Chua entitled “Chaos, CNN, Memristors and Beyond” 

World Scientific  (2013). 
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SUPERVISION OF THESIS 
 

1. Lennert Appeltant: “Liquid state computing based on delay-coupled systems”, 

PhD Thesis, Advisors: J. Danckaert, I. Fischer and G. Van der Sande (finished 

06/2012), Brussels (Belgium) and Palma de Mallorca (Spain). 

2. André Kovac and Maximilian Koall, '”Overcoming the limited fading memory 

capacity of a single node reservoir computer”, BsC thesis, Department of 

Neuroinformatics, University Osnabrück, 2012.  

3. Alexander Meier, 'Multi scale Reservoir computing Using SORN and Mackey-

Glass System', BsC thesis, Department of Neuroinformatics, University 

Osnabrück, 2012.  

4. Henning Lange, 'Time Series Prediction with Reservoir Computers using a 

Delay Coupled Non-Linear System', BsC thesis, Department of 

Neuroinformatics, University Osnabrück, 2012.  

5. Marcel Nonnenmacher, 'Optimization of reservoir for RC systems based on a 

single nonlinear node on the nParity task', BsC thesis, Department of 

Neuroinformatics, University Osnabrück, 2012.  

6. Rafael Reisenhofer, 'A Volterra Series Approach to Liquid State Machines by 

Application of the Lambert W Function', BsC thesis, Department of 

Neuroinformatics, University Osnabrück, 2012. 
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PARTICIPATION TO CONFERENCES 
 

 C. Mirasso, “Information processing with transients states generated by delay-

coupled dynamical systems”, (Plenary Talk) Dynamics Days South America 2012, 

Cartagena, Colombia, November 2012. 

 

 C. Mirasso, “Mimicking the brain: information processing with delay-coupled 

systems”, (Invited Talk) Mecánica Estadística del Desequilibrio y Física No Lineal, 

MEDYFINOL 2012 XVII edition, Santiago de Chile, Chile, December 2012. 

 

 D. Brunner, “Photonic information processing based on Reservoir computing”, 

(Invited Talk) Lindau Nobel Laureate Meetings, Lindau & Mainau Island, 

Germany July 2012. 

 

 D. Brunner, “Information processing utilizing delay systems”, (Invited Talk) 

International Conference on Delayed Complex Systems, Palma de Mallorca, Spain, 

June 2012. 

 

 D. Brunner, “All optical Reservoir Computing with GByte/s rate”(Invited Talk) 

European conference on Complex Systems (ECCS), Brussels, Belgium, September 

2012. 

 

 D. Brunner, “Information processing utilizing delay systems”,(Talk) NOLTA 2012, 

Palma de Mallorca, Spain, October 2012. 

 

 M. C. Soriano, R. Modeste Nguimdo, P. Colet, "Delay identification in 

semiconductor lasers with optical feedback", XVIII Congreso de Física Estadística 

FISES"12, Palma de Mallorca, Spain, October 2012. (Poster)   

 

 M. C. Soriano, G. Van der Sande, I. Fischer , C. R. Mirasso, "Synchronization 

Without Correlation", (Talk) 2012 International Symposium on Nonlinear Theory 

and its Applications (NOLTA 2012), Palma de Mallorca, Spain, October 2012. 

(Talk)  



PHOCUS Project 240763        Deliverable D16 

 

 

 

 

 

12 

 

 I. Fischer, “Delay-Coupled Laser Networks: Complex Behavior, Synchronization 

and Applications”, (Invited Talk) DPG Conference, 25.-30. March 2012, Berlin, 

Germany. 

 

 I. Fischer “Generalized synchronization of nonlinear oscillators: How to understand 

and how to detect?”, (Invited Talk) NeFF-Workshop on Non-linear and model-free 

Interdependence Measures in Neuroscience, 26.-27. April 2012, Frankfurt, 

Germany. 

 

 I. Fischer, “Dynamics and Synchronization Phenomena in Delay-Coupled Laser 

Systems”, (Invited Talk) NOLTA2012, International Symposium on Nonlinear 

Theory and its Applications, 22.-26. October 2012, Palma de Mallorca, Spain. 

 

 I. Fischer, “Chaotic delayed maps and their natural measure” (Invited Talk), 

NOLTA2012, International Symposium on Nonlinear Theory and its Applications, 

22.-26. October 2012, Palma de Mallorca, Spain. 

 

 G.Pipa, key note lecture, „Self-organized Reservoir computing‟, International 

conference on Artificial Neuronal Networks, Lausanne, Switzerland, September 

2012   

 

 H. Toutounji, „Neuronal plasticity leads to noise robust population code‟, 

Osnabrück Computational Cognition Alliance Meeting 2010, Osnabrück, Germany, 

June 2012  

 

 H. Toutounji,  „Optimized Temporal Multiplexing for Reservoir Computing with a 

Single Delay-Coupled Node‟, 2012 International Symposium on Nonlinear Theory 

and its Applications, Palma, Majorca, Spain, October2012  

 

 D. V. Senthilkumar, “Noise-enhanced Phase synchronization in time-delay 

systems”, 2nd International Symposium On Complex Dynamical Systems and 

Applications, Presidency University, Kolkata, India, January 9 - 11, 2012. 
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 D. V. Senthilkumar,  “Delay-enhanced synchronization in complex networks”, 

International Conference on Delayed Complex Systems (DCS12), Palma de 

Mallorca, Spain, 4 - 8 June, 2012. 

 

 D. V. Senthilkumar participated in international conference on Data analysis and 

modelling in Earth sciences (DAMES 2012), Potsdam, Germany, 8 - 10 October 

2012. 

 

 L. Larger, L. Weicker, M. Jacquot, Y.K. Chembo, T. Erneux, “Temporally nonlocal 

dual delay electro-optic phase dynamics, and its bifurcation scenario”, CLEO US, 

San Jose, California, USA (May 6-11, 2012). 

 

 M. Jacquot, L. Weicker, Y.K. Chembo, T. Erneux, L. Larger, “Crenelated slow-fast 

oscillations in a dual delay nonlinear photonic dynamics”, ECC 12, Univ. of 

Michigan, Michigan, USA (May 16-19, 2012). 

 

 L. Weicker, T. Erneux, M. Jacquot, Y. Chembo, L. Larger, “Analytical and 

experimental study of two delay optoelectronic oscillator”, DCS12, p.31, Univ. 

Illes Baleares, IFISC, Palma de Mallorca, Spain, 4-8 June 2012. 

 

 L. Larger, M. Soriano, L. Appeltent, D. Brunner, C. Mirasso, I. Fischer, J.M. 

Gutierrez, L. Pesquera, R. Martinenghi, M. Jacquot, Y. K. Chembo, “Emulating a 

complex dynamical network through a nonlinear delay dynamics: application to 

photonic Reservoir Computing”, 7th Crimean School and Workshop, Mellas, 

Crimea, Ukraine (May 20-27, 2012). 

 

 S. Ortín, L. Pesquera, and J. M. Gutiérrez, Reservoir Computing with Two 

Decoupled Nonlinear Delay Nodes, Proceedings of the 2012 International 

Symposium on Nonlinear Theory and its Applications (NOLTA, IEICE Japan 

2012), paper B4L-D4, pp. 515-518, Palma de Mallorca, Spain.  
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 S. Ortin, D. San-Martin, L. Pesquera, and J. M. Gutiérrez, “Photonic Single 

Nonlinear-delay Dynamical Node for Information Processing” (talk), SPIE 

Photonics Europe. Brussels (Belgium), 16-19 April 2012. 

 

 J. M. Gutiérrez, D. San-Martin, S. Ortin, and L. Pesquera, “Simple Reservoirs 

with Chain Topology Based on a Single Time-Delay Nonlinear Node” (talk), 

European Symposium on Artificial Neural Networks, Computational Intelligence 

and Machine Learning. Bruges (Belgium), 25-27 April 2012. 

 

 L. Appeltant, S. Ortin, G. V. D. Sande, L. Pesquera, and J. Danckaert, 

“Computational performance of a single bandpass electro-optic delay oscillator” 

(talk), Dynamics Days Europe, Gothenburg (Sweden), 2-7 September 2012. 

 

 S. Ortin, L. Pesquera, and J. M. Gutiérrez, “Memory and nonlinear mapping in 

Reservoir Computing with two uncoupled nonlinear delay nodes” (talk), 

European Conference on Complex Systems (Information processing with 

recurrent dynamical systems: theory and experiment). Brussels (Belgium), 3-7 

September 2012. 

 

 M. C. Soriano, D. Brunner, S. Ortín, C. R. Mirasso, L. Larger, I. Fischer, and L. 

Pesquera, “A Novel Photonics Approach to Unconventional Information 

Processing” (talk), European Conference on Optical Communication (CLEO 

Focus Meeting). Amsterdam (The Netherlands), 16-20 September 2012. 

 

 S. Ortin, L. Pesquera, and J. M. Gutiérrez, “Reservoir Computing with Two 

Decoupled Nonlinear Delay Nodes” (talk), International Symposium on Nonlinear 

Theory and its Applications (NOLTA) (Unconventional Approaches to 

Computation Session). Palma de Mallorca (Spain), 22-26 October 2012. 
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CONFERENCES ORGANIZATION 
 

- CDCS 2012, “International Conference on Delayed Complex Systems”, Palma de 

Mallorca, Spain, June 2012. I. Fischer General Co-Chair, C. Mirasso and M. C. 

Soriano, Scientific Organizing Committee. 

 

- NOLTA 2012, “International Symposium on Nonlinear Theory and its Applications, 

Palma de Mallorca, Spain, October 2012. C. Mirasso General Co-Chair; I. Fischer 

Scientific Co-Chair. 

 

- ECCS'12 Satellite Meeting: Information processing with recurrent dynamical 

systems: theory and experiment, Brussels (Belgium), 6. September 2012, I. Fischer 

Organizer. 

 

- Cleo Focus meeting, Amsterdam (Netherlands), 16.-20. September 2012, I. Fischer 

Member of the programme committee. 
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MEETINGS, EXCHANGES AND VISITS AMONG PARTNERS 
 

04/02/2012 - 05/02/2012: Fifth PHOCUS Meeting, organized by UFC-P5 (Besançon, 

France) with the participation of all the Group Leaders and participants of the Project. 

 

12/03/2012-16/03/2012: S. Ortín (UC) visited UIB and CSIC, to work on WP3 and 

WP6 with I. Fischer, M.C. Soriano and C. Mirasso. 

 

16/04/2012 – 13/07/2012 J. M. Gutierrez (UC) visited IFISC (UIB and CSIC). 

 

16/04/2012-20/04/2012: S. Ortín (UC) visited VUB to work on WP 3 with L. 

Appeltatnt, G. Van de Sande and J. Danckaert. 

 

01/05/2012 - 04/05/2012I. Fischer and P. Colet (CSIC) visted VUB. 

 

21/05/2012 - 23/05/2012 I. Fischer and P. Colet (CSIC) visted VUB. 

 

2/7/2012 – 3/7/2011: Sixth PHOCUS meeting organized by VUB (Brussels, Belgium) 

with the participation of all the Group Leaders and participants of the Project. 

 

03/09/2012-07/09/2012 Meeting of project participants D. Brunner, L. Pesquera, L. 

Larger, J. Danckaert, G. Van der Sande and I. Fischer. 

 

24/09/2012: Meeting in Palma de Mallorca to discuss the progress of the different 

workpackages. All partners assisted. 

 

14/11/2012-16/11/2012 Laurent Larger visited the UOS team to discuss the use and 

implementation of adaptive delay coupled RC. 
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BRIEF DESCRIPTION OF SCIENTIFIC INTERACTIONS 
 

WORKPACKAGE 3 (PARTICIPATING GROUPS: VUB, UIB, UC, PIK). 
 

In 2010 and 2011, in a collaborative effort, the partners have proven the information 

processing capabilities of delay-dynamical systems, and of a single nonlinear node with 

delay in particular. In 2012, the consortium continued its modelling efforts, extending 

previous results to the all-optical system, as well as the case of multiple nodes. 

Modelling efforts were oriented towards realistic experimental situations, implying 

quite strong interactions with WP6. In particular, UIBstrongly collaborated with CSIC 

to develop and optimize structures, including multiple nodes. Also, UIB and UC 

collaborated in the study of different possibilities for the feedback loops, including 

closed and open feedback as well as the case in which nodes are well separated 

(extreme learning) as reservoir. A senior researcher of UC spent several weeks at 

UIB/CSIC to discuss these issues.  

The strong collaboration between UIB, CSIC and VUB gave rise to the defence of the 

thesis by Lennert Appeltant in spring 2012 supervised by J. Danckaert, I. Fischer and G. 

Van der Sande. 

 

WORKPACKAGE 4 (PARTICIPATING GROUPS: UOS, UIB, UC, PIK). 
 

Research activities WP4 in the third year involved work by the UOS group, the UFC 

and the UC group. Research was focused on neuro-inspired adaptation of delay-coupled 

systems to improve computation and the noise robustness of RC. The research included 

first adaptation of the mask and node position, second, the use of approximations to 

improve digital systems based implementation with the UFC group, and third the 

inclusion of feedback to allow for practically infinite memory for a limited set of RC 

states. Research on neuro-inspired adaptation was developed by the UOS group. UC 

group supported this research by running part of numerical simulations of such neuro-

inspired adaptation rules. UFC participated with by guiding research questions and 

highlighting needs for digital implementation and fully optical implementations of 

neuro-inspired adaptation rules.  
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WORKPACKAGE 5 (PARTICIPATING GROUPS: UC, UIB, CSIC, UFC-P5, PIK). 
 

Research activity within WP5 in the third year focused on the influence of different 

input methods and topologies on the performance of an electronic circuit with Mackey-

Glass nonlinearity. Multi-valued input pre-processing masks, as opposed to two-valued 

masks, were identified as better option for time series prediction tasks. Concerning 

topology, we have found that the memory capacity of a single node does not increase in 

experiments with electronic circuits by using two mutually coupled nodes with delay. 

We have also implemented an electronic FPGA based platform with an analog 

nonlinearity that fits a Mackey-Glass like function with exponent around 6. It has been 

shown that this FPGA based platform can be used as a real time demonstrator to predict 

the output of an electronic chaotic generator. The collaborations between all the groups 

were essential for the completion of the objectives. Several research visits supported 

these activities, including an exchange between UIB and CSIC with UC.  

 

WORKPACKAGE 6 (PARTICIPATING GROUPS: CSIC, UFC-P5, UC AND VUB). 
 

Research activity within WP6 in the third year focused on the experimental realization 

of the electro-optical and all-optical reservoir computing by using single and multiple 

devices as well as single and multiple feedback lines. In the first part of the period we 

progressed on the design of a controllable electro-optic setup with a multiple delay line 

generated by a field-programmable gate array (FPGA). This approach is very promising 

for an on-line photonic Reservoir Computing (RC) processing.In the following we 

proceeded with the implementation and demonstration of an all-optical RC based on the 

nonlinearity of a delay-coupled semiconductor laser diode. We considered both single 

device with all-optical feedback and different injection schemes (electrical and optical) 

as well as multiple node architectures with independent and coupled nonlinear systems. 

Results are extensively reported in deliverables D15 and D17. The work was carried out 

in a strong collaboration between groups CSIC, UFC and VUB. 

 

PROBLEMS AND POSSIBLE REMEDIAL ACTIONS 
 

No important problems were found during the third year. 
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