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1 EXECUTIVE SUMMARY

This present document is a deliverable based on the Open-to-all Workshop Il (OTAW I11)
organised by REAL-NET project together with ERC-AdG project BACKUP, the PRIN 2017
project PELM and of the ETN POST DIGITAL, EID FONTE, held on 20-26 June 2021, online
remotely and in person at Monte Bondone/Trento/Italy. The event was in hybrid format
(online and in person) due to Covid-19 restrictions.

The OTAW Il on “Network applications of machine learning” has been organised
concurrently on the 11th Optoelectronics and Photonics Summer School
NMP2021 Neuromorphic Photonics.

ORGANIZERS

With the support of the following structures and projects of the University of Trento:

4 FEL . P
{8e8: UNIVERSITA  c=mBACKUP| & _
“moc DI TRENTO ] ncromce. PELM
spa_nment of > NN and the brain Iy &F
Physics AP

And with the support of:

[FISC DIGITAL i
OSA | 100

The Optical Society Since 1916

‘ \ WE LASER
p 4 / C THE NEW INDUSTRY
j y

ﬁf\ \

Figure 1: Organising committee of the 11th Optoelectronics and Photonics Summer School

This intensive 7-day event was delivered both by high-profile external speakers and REAL-
NET Project Coordinator, Sergei K.Turitsyn.

This event aimed at introducing students and post-docs with an optics background to the
concepts of neuromorphic photonics, focusing on the hot topics that are driving the
technological and scientific research in this field. The target audience were PhD students,
including students from the REAL-NET and other ITNs: FONTE, POST DIGITAL, and young
researchers.

The event was attended by 42 participants (of which 13 onsite) from many countries
(Italy, France, Spain, India, Germany, Netherland, United Kingdom, USA, Belgium,
Denmark, Serbia, Switzerland), and 15 speakers.
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Figure 2: Participants of the NMP 2021

2 NEUROMORPHIC PHOTONICS SUMMER SCHOOL AT MONTE BONDONE
(TRENTO, ITALY)

On 20-26 June 2021, Project REAL-NET together with the University of Trento, ERC-AdG
project BACKUP, the PRIN 2017 project PELM and of the ETN POST DIGITAL, EID FONTE
network organised the 11th Optoelectronics and Photonics Summer School

NMP2021 Neuromorphic photonics. In frame of this Summer School, it was run the REAL-
NET OTAW Il on “Network applications of machine learning”.

REAL-NET beneficiary, Aston University, supported the organisation of this event with
€5000.

Figure 3: Participants of NMP 2021 (onsite and online)
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Program of the Summer School was extremely intensive and aimed to provide both in-
depths scientific training alongside an opportunity for networking and social activities
throughout. Deliberately some free time was allocated daily for NMP2021 participants to
facilitate dialogues and network building through individual/group activities, and enjoy the
mountain sports available. Every day had morning session, lunch and break for mountain
sport and discussion, afternoon session, dinner and evening session (rump sessions, social
dinner and poster sessions).

e On the first day, the program included Welcome and school introduction,
Neuromorphic Computing (HW) talk, Brain talk, and Complex Network talk.

e Onthe second day attendees listened presentations on Brain, Complex Networks,
Neuromorphic Computing (HW), ML/DL, Photonics Reservoir Computing, Spatial
machines.

e On the third day there were Photonics Reservoir Computing, Spatial machines, Brain,
ML/DL, Delay systems, Neuromorphic silicon photonics talks.

e On the fourth day there were only 3 talks: Delay systems, VCSEL, Photonics
accelerator. Between them the big Hiking Excursion took place.

e The fifth day started with REAL-NET Project Coordinator, Sergei K.Turitsyn’s talk on
Nonlinear phenomena in telecommunication. After that there were talks on VCSEL,
Scissor, Phase change system, Photonics accelerator, Neuromorphic silicon photonics.

v
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e On the sixth day Sergei K.Turitsyn, REAL_NET coordinator, gave a talk on Nonlinear
phenomena in telecommunication again and also, attendees studied Ising Machine,
Scissor, Neuromorphic silicon photonics, Neuromorphic computing in
telecommunications, Phase change system.

e On the last, seventh day, there were talks on Neuromorphic computing in
telecommunications, Optical optimization and Ising Machine.

11t Optoelectronics and Photonics Summer School: NMP2021
NEUROMORPHIC PHOTONICS
Monte Bondone -Trento

Nonlinear phenomena in fibre-optic

devices and optical communications |

Sergei K. Turitsyn

Aston Institute of Photonic Technologies, Aston University, UK

'U"“'“'“ Al PT June 24, 2021
Figure 5: Prof. Sergei K.Turitsyn, REAL-NET coordinator, is giving a talk

All 7 days gave attendees an opportunity to listen wide range of presentations. This allowed
them to update their knowledge, find new ideas and be inspired for further work. All talks
were very high-level and reflected current topics in photonics.

3  WEBSITE AND REGISTRATION

The website about the 11th Optoelectronics and Photonics Summer School was created
and contained detailed information about the event: topics, program, speakers. Also, there
was detailed information about registration to the event. The link to the website:
https://event.unitn.it/nmp2021/#registration

NMP2021 Home Topics Program  Registration  Venue

11+ Opioelectromcs and Photonicsff
Summer School

NMP2021
NEUROMORPH

20-26 June, 2021

Monte Bondone -Trento (ltaly)

Figure 6: Website of the event
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4 DISSEMINATION OF THE WORKSHOP

A link to the NMP-2021 Summer School website was placed on the REAL-NET Website, as
well as several websites of affiliated projects (BACKUP, PELM, EID FONTE; EID POST-
DIGITAL). In addition, the NMP-2021 Summer School was widely advertised through
personal contacts, mailing lists, LinkedIn and social media, such as Twitter, where the
information was extensively re-tweeted.

REAL-NET WEBSITE REAL-NET TWITTER
o=

OTAW Neuromorphic Photonics orga

FONTE_EID Project_H2020
REAL-NET is co-organiser of the 11th Optoelectronics and OTAW is NMP20

Photonics Summer School NMP2021 Neuromorphic photonics,

20-26 June 2021 Monte-Bondone, Trento, Italy (online and in

person)

]' L1 .

For more information on the event and registration please visit ) VA, v
Optoelectronics and Photeqi
School

NMP2021,

Figure 7: Link to the Summer School at the REAL-NET website and dissemination via Twitter

DISSEMINATION VIA TWITTER

LightOn POST-DIGITAL ETN_E 3 FONTE_EID Project_H...
8 Today and tomorrow, our CTO a EEAG) NMP2021in Trento fo 11113 FONTE's next OTAW is NMP2021,

focusing on neuromorphic photonics
NMP2021 (

second Don't miss it!

phic photor le of the talk
al computing for

I

;’,":’.,'.;77\

i ), ?
1P Optoeiemonfc‘s and Phiotag
mer School

MP2021 i
EUR(})‘I!\'AORPHI‘

Figure 8: Dissemination of the event in co-organiser’s Twitter accounts

5 THE EVENT
The 11th Optoelectronics and Photonics Summer School was addressing specific topics

within the international scientific community of Optoelectronics and Photonics. It aimed to
bring together a large number of PhD students and young researchers from all parts of the
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world who across a one-week intense schedule follow a series of lectures on selected topics.
The lectures were held by internationally recognised experts in the field.

In 2021 the entire event was held "whatever it takes”: in a blended mode due to Covid-19
pandemic. Some of the speakers and of the students were on-site at the Hotel Montana,
Monte Bondone, Trentino — Italy, and others joined remotely. The event was attended by 42
participants (of which 13 onsite) from many countries (Italy, France, Spain, India, Germany,
Netherland, United Kingdom, USA, Belgium, Denmark, Serbia, Switzerland), and 15
speakers.

Figure 9: Hotel Montana, Monte Bondone, Trentino — Italy

This OTAW Ill “Network applications of machine learning”, organised by REAL-NET in frame
of 11th Optoelectronics and Photonics Summer School, was an event focused on
comprehensive review talks from major figures in complementary areas of optics
background to the concepts of neuromorphic photonics, focusing on the hot topics that are
driving the technological and scientific research in this field.

OTAW lll and Optoelectronics and Photonics School brought together experts in emerging
photonic technologies, machine learning techniques, and fundamental physics who shared
with young researchers their knowledge and interdisciplinary approaches for understanding
and designing complex photonic systems and their practical applications. The school initially
introduced the general concepts about the biological brain behaviours and neuroscience,
with particular attention to their implementation in machine learning and complex
networks. Then the lectures focused on different kind of neuromorphic photonic platforms
(from lasers and diffraction systems, down to integrated photonics chips) and on
applications like photonic accelerators, optical device optimization and telecommunications.

REAL-NET Consortium 2019-2023 Aston University 9/16
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5.1 AGENDA

The school began on Sunday 20" June in the afternoon. After welcoming remarks, the first
introductory lectures have been given. From Monday to Friday the agenda was the
following:

¢ Morning session (9.00-12.30). Three lectures with one coffee break

e Lunch and long break to mountain sport and discussion

e Afternoon session (16.30-19.30). Three lectures

e Dinner

¢ Evening session (after 21.00). Different events for each day, including rump sessions,
social dinner and poster sessions

On Saturday, the closing ceremony took place.

Figure 10: Sharing agenda at the Summer School screen

List of topics:

1. Introduction

1. Brain physiology
Neuroscience
Reservoir computing
Machine Learning/ Deep learning
Complex Networks
Quantum Machine Learning

7. Neuromorphic Computing
2. Photonic platforms

1. Delay Systems

2. Diffraction Systems

oukwnN
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3. Spiking Networks
4. Swirl
5. Scissors
6. VCSELs
7. Phase Change System
8. Ising Machines
3. Applications
1. Photonics accelerator
2. Optical device Optimization
3. Telecommunications
The complete agenda of the event:
Sunday Monday Tuesday Wednesday Thursday Friday Saturday
20 21 22 23 24 25 26
Chair Mirasso Pavesi Mirasso Pavesi Mirasso Pavesi
9.00 Photonics : . .
. : Nonlinear phenomena . . Neuromorphic computing
[l g:;‘;r:ﬁ:g DR R in telecommunication (Sg/Masine in telecommunications
Beatrice Vignoli Serge Massar Miguel Soriano Sergei Turitsyn H. Takesue A. Argyris
10.00 Complex Networks | Spatial machines VCSEL VCSEL T:rt‘glr; ec-?):nprm:::::g: Optical optimization
Immaculada Leyva Claudio Conti A. Hurtado A. Hurtado Sergei Turitsyn llya
11.00 Break Break Break Break Break
11.30 C’;ﬁpﬁ;‘;‘m&) Brain Scissor Scissor Ising Machine
Gallicchio Beatrice Vignoli Mattia Mancinelli Mattia Mancinelli H. Takesue
12.20 Hiking Excursion
lunch/Free Time lunch/Free Time 9 lunch/Free Time lunch/Free Time
Break Break Packed Lunch Break Break
Mirasso Pavesi Pavesi Mirasso
Neuromorphic Neuromorphic silicon
Computing (HW) ML/DL ML/DL Phase change system B et
Galicchio Elisa Ricei Elisa Ricci W. Pernice P Prucnal and 8.
astri
17.30 . . Neuromorphic
Brain Phot%r:::ns Rﬁenrmr Delay systems Photonics ac computing in
puting telecommunications
Beatrice Vignoli Serge Massar Miguel Soriano L. Daudet A. Argyris

19.30

21.00

22.30

Complex . . Neuromorphic Photonics Neuromorphic silicon
Networks el I silicon photonics accelerator photonics IR B D i
e Claudio Conti 2 Pm;::;:?d = L. Daudet 2 ngr?:;?ﬁm = W. Pernice
Dinner Dinner Dinner Dinner Dinner
. . Social Dinner .
get together poster session rump session rump session

Sleep

5.2 SPEAKERS AND TOPICS

Figure 11: The complete agenda of the Summer School

There were great high-professional speakers at the event from academic sector and also
from the industry sector. Talks of leading international experts inspired young scientists to
new research. The speakers shared the most relevant developments and discoveries in their
field. Speakers were from various countries: Italy, USA, Belgium, Germany, Japan, France,
Spain, UK.

REAL-NET Consortium 2019-2023
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e Brain, Beatrice Vignoli, University of Trento

Beatrice Vignoli works in the Centre of Integrative Biology (University of Trento) and
interested in neurobiology, Brain Physioilogy, Neuronal Differentiation,
Immunohistochemistry, Cellular Neuroscience, Neuron Culture, Neuron-Glia Interaction,
Synaptic Plasticity, Synapses, Neural Plasticity.

e Neuromorphic Computing (HW), Claudio Gallicchio, University of Pisa

Claudio Gallicchio is an assistant professor at the Department of Computer Science of the
University of Pisa, within the Computational Intelligence & Machine Learning Group.

His research interests are at the intersection between the areas of Machine Learning, Deep
Learning, Neural Networks and Dynamical Systems. Specifically, he is interested in
Dynamical Neural Network models and Reservoir Computing.

¢ Machine Learning/Deep Learning, Elisa Ricci, University of Trento

Elisa Ricci is an Associate Professor with Department of Information Engineering and
Computer Science (DISI) at the University of Trento and the head of the Deep Visual
Learning research group at Fondazione Bruno Kessler (FBK). She is the scientific manager of
the Joint Laboratory on Vision and Learning between FBK and DISI. Her research interests
are mainly in the areas of computer vision, robotics, machine learning and human behaviour
analysis.

¢ Complex Networks, Inmaculada Leyva, Rey Juan Carlos University

Inmaculada Leyva is an Associate Professor of Physics at Universidad Rey Juan Carlos of
Madrid (Spain) since 2009 and a staff researcher at the Center of Biomedical

Technology, UPM-Madrid. She received BSc (1996) and Phd (2001) degrees in Physics from
the Universidad Complutense de Madrid, where she worked in experimental optical
turbulence in lasers and extended optical systems. Later she conducted postdoctoral
research in the National Institute of Applied Optics in Florence (ltaly), where she worked in
networked nonlinear and biological systems. Since 2011 she is a senior member of the
Laboratory of Biological Networks (URJC-UPM), where she works in the structure-dynamics
relationship, phase transitions, and self-organization of complex networks.

¢ Photonics Reservoir Computing, Serge Massar, Free University of Brussels

Serge Massar was Director of the Physics Department at ULB. During his career he
coordinated several European and Belgian research networks. Since 2004 he is Director of
the Laboratoire d’Information Quantique of the Physics Department at ULB. He has co-
authored over 130 publications in peer reviewed scientific journals and over 70 conference
proceedings. Recently he has been devoting increasing time to artificial intelligence,
machine learning and its relation to complex systems. In this context, he works on the
experimental implementation of the concept of “reservoir computing”. Important results

REAL-NET Consortium 2019-2023 Aston University 12/
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are the first realisation of a new architecture based on a single nonlinear node and a delay
loop, of opto-electronic and all-optical reservoirs, of a fully analog system.

¢ Delay systems, Miguel Cornelles Soriano, IFISC

Miguel C. Soriano holds a "Ramédn y Cajal" research position at the Instituto de Fisica
Interdisciplinar y Sistemas Complejos (IFISC). His research line covers the topics of
information processing based on reservoir computing and nonlinear dynamics. His main
research interests also include the experimental and numerical study of semiconductor
lasers subject to delayed-coupling and the synchronization of chaotic oscillators.

o Diffraction systems (Pelm), Claudio Conti, Sapienza University

Claudio Conti is the author of more than 200 articles published in top-level journals
(including 35 Physical Review Letters, 1 Nature, 1 Science, 2 Nature Physics, 5 Nature
Communications, and 4 Nature Photonics). Among his recent interests, there is the merging
of concepts in the science of complexity, machine learning, photonics, and nonlinear optics,
towards applications as Ising machines and fundamental tests of quantum mechanics.

He is currently the Director of the Institute of Complex Systems of the Italian National
Research Council (ISC-CNR) in Rome (ltaly). Formerly, he was New Talent Grant from the
Research Center Enrico Fermi; Humboldt fellowship for Experience Researchers at the Max
Planck Institute for the Science of Light; Senior Researcher at CNR; Principal Investigator of
the Starting Independent Research Grant from the European Research Council (ERC), with
the project Light and Complexity; Principal Investigator of the ERC Proof of Concept

Grant Vanguard; Principal Investigator of the Templeton Foundation Grant Generalized
Uncertainty Principle and the Photon; and Associate Professor at the Department of Physics
of the University Sapienza.

¢ Neuromorphic silicon photonics, Paul Prucnal and Bhavin Shastri, Princeton
University

Paul R. Prucnal is a Professor of Electrical Engineering at Princeton University. He is best
known for his seminal work in Neuromorphic Photonics, optical code division multiple
access (OCDMA) and the invention of the terahertz optical asymmetric demultiplexor
(TOAD). He is currently a fellow of IEEE, Optical Society of America and National Academy of
Inventors.

Bhavin Shastri is an Assistant Professor at Queen’s University with broad research interests
in silicon photonics, nanophotonics, photonic integrated circuits, and neuromorphic
computing. His research follows an interdisciplinary approach to address grand engineering
challenges with fundamental physical insights.

e Scissor, Mattia Mancinelli, University of Trento

Mattia Mancinelli received the Ph.D. degree in physics from the University of Trento,
Trento, Italy, in 2013. After four years of Postdoctoral research in the field of integrated

REAL-NET Consortium 2019-2023 Aston University 13/
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optics and non-linear optics and two years with SMoptics, Milan, Italy. He is currently a
Tenure Track Researcher with the University of Trento in the field of neuromorphic
photonics. Also, he is with the ERC BACKUP Project and the ERC-PoC ALPI.

e VCSEL, Antonio Hurtado, University of Strathclyde

Antonio Hurtado received the PhD degree in Photonic Technology from the Universidad
Politécnica de Madrid (UPM). In 2007 Antonio joined the Optoelectronics Research Group of
the University of Essex (England, UK) first as a Post-Doctoral Fellow and then as a Marie
Curie Fellow (IEF Programme, Project ISLAS, 2009-2011). In 2010 he was awarded by the
European Commission with a second Marie Curie Fellowship (IOF Programme, Project
NINFA, 2011-2014) to carry out a collaborative project between the Universities of New
Mexico (USA) and Essex (UK). Following this award in 2011 he started working in the
Optoelectronics Research Group at the Center for High Technology Materials (CHTM-UNM)
in Albuquerque (NM, USA). In 2014 he was awarded a Chancellor Fellowship by

the University of Strathclyde (Glasgow, Scotland, UK). As a result of this award he started
working from October 2014 as a Lecturer at Strathclyde’s Institute of Photonics.

o Phase change system, Wolfram Pernice, University of Minster

Research in the Prof. Pernice’s group is focused on the use of nano-photonics and nano-
mechanics to realize novel functionality of integrated optical chips.

¢ Ising Machine, Hiroki Takesue, NTT Data

Hiroki Takesue received his B.E., M.E., and Ph.D. degrees in engineering science from Osaka
University, Japan. He joined NTT Access Network Systems Laboratories, Nippon Telegraph
and Telephone Corporation in 1996 and moved to NTT Basic Research Laboratories in 2003.
Since then, he has been engaged in research on quantum communications and novel
computation schemes based on nonlinear optics. He was appointed as Distinguished
Scientist of NTT in 2013 and Senior Distinguished Scientist of NTT in 2017. He is currently a
group leader of Quantum Optical State Control Research Group.

¢ Photonics accelerator, Laurent Daudet, LightOn

Professor Laurent Daudet is a co-founder of LightOn company. He is currently on leave from
his position of full Professor of Physics at the Université Paris Diderot, Paris. He is a graduate
from Ecole Normale Supérieure and holds a PhD in Applied Mathematics from Marseille
University. He is a former fellow of the Institut Universitaire de France, which recognizes the
top 2% of French university professors for their research excellence. In parallel, he held
various academic positions: Visiting Scholar at Stanford University, USA, Visiting Senior
Lecturer at Queen Mary University of London, UK, Visiting Professor at the National Institute
for Informatics in Tokyo, Japan. Laurent has been a consultant to various small and large
companies, and is a co-inventor in several patents. Laurent is also a Senior Member of the
IEEE and an elected member of the IEEE AASP Technical Committee as well as a former
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Associate Editor of IEEE TSALP. He has co-authored more than 50 peer-reviewed journal
articles, and over 120 conference proceedings.

e Other Applications, Apostolos Argyris, IFISC

Dr. Argyris is a Research Fellow at IFISC. He first joined IFISC under an EU H2020 Marie-
Sktodowska Curie fellowship. His fields of expertise and interests include: nonlinear
dynamics in photonics, optical communication systems and encryption techniques, physical
random number generation, complex dynamics in coupled physical systems, optical sensing,
neuromorphic computing in hardware, photonic reservoir computing and data post-
processing techniques.

¢ Nonlinear phenomena in telecommunication, Sergei Turitsyn, Aston University

Prof. Sergei K. Turitsyn graduated from the Department of Physics of the Novosibirsk
University, Russia in 1982 and received the Ph.D. degree in Theoretical and Mathematical
Physics from the Institute of Nuclear Physics, Novosibirsk, Russia in 1986. From 1992 to
1998 he worked in the Institute for Theoretical Physics |, Heinrich-Heine University
Duesseldorf, Germany; first as a Humboldt Fellow and then within the collaborative projects
with Deutsche Telekom. He joined the Photonics Research Group in the School of
Engineering and Applied Science, Aston University in 1998. During last two decades he has
been working on various problems of nonlinear science, including soliton theory, self-
focusing of light beams, discrete nonlinear systems, and nonlinear fibre optics. His recent
research has been shifted towards the high-speed optical communications, nonlinear
photonic devices, Raman-based technologies, and ultra-long fibre lasers. Now Sergei K.
Turitsyn is a director of Aston Institute of Photonics Technologies, Aston University. Also, he
is Coordinator of REAL-NET project.

Presentations
at the

. Summer School
\ g

ic Computing for
orks

iversity of Pisa (ltaly)

Figure 12: Presentations at the Summer School
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Figure 13: Poster Session

6 CONCLUSION

The 11th Optoelectronics and Photonics Summer School and REAL-NET OTAWIII “Network
applications of machine learning” gave the opportunity for participants to expand their
knowledge on complex photonic systems and their practical applications, especially about
machine learning and complex networks. A wide list of topics presented at the summer
school allowed each participant to choose the sessions that they would like to attend.

Since the summer school was held not only online, but also in person, the participants had
the opportunity to communicate more, exchange scientific ideas and find new
acquaintances for further work. The summer school was held in a very beautiful place, so

the participants there not only studied science, but also had a great rest in the mountains.

Excursion

Figure 14: Happy participants at the hiking excursion
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