) UNIT OF

EXCELLENCE I F I SC .
MARIA o
AGENCIA K DE MAEZTU

INVESTIGACION

CSiIC @ AT o @ifisc_mallorca 0 Facebook.com/ifisc  http://ifisc.uib-csic.es - Mallorca - Spain



FISC 95’555%““ Connecting Science, Understanding Complexity

) DE MAEZTU

Institute for Cross-Disciplinary Physics and Complex Systems

Joint Research Institute of CSIC and UIB created in June 2007 building upon
the former Cross-Disciplinary Physics Department of IMEDEA (1995)

and research in Complex Systems
following the established scientific approach of physicists.

: Transfer of knowledge, concepts and methods to create
bridges among traditional disciplines

Focusing on advanced studies in emerging strategic fields with a
strong potential impact, beyond the traditional physics of the XXth
century. Avoid incremental research and the basic-applied polarization

Al FI SC i s unique in the Spanish ¢
internationally a very strong standing. It challenges the world best
centres and it IS a major actor
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Connecting Science, Understanding Complexity
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Exploring emergent phenomena
In the physical, technical, biological and social world


https://youtu.be/8PeJG0cBrLg
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FISC ? MARIA What are complex systems?

Complex Systems Society:

Complex systems are systems where the collective behavior of their parts entails
emergence of properties that can hardly, if not at all, be infered from properties of the
parts. Examples of complex systems include ant-hills, ants themselves, human
economies, climate, nervous systems, cells and lving things, including human beings,
as well as modern energy or telecommunication infrastructures.

Food Web of Smalimouth Bass
Little Rock Lake (Cannibal)

Mostly Phytoplankton 2nd Trophic Level
Many Zooplankton

Quantum
node

Quantum channel


file:///C:/Users/maxi/AppData/Local/Temp/Poltergeist_Birds.mp4
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3 Research Prof.

1 Senior Researcher
5 Tenured Scientists

4 Full Prof.
4 Prof.

Total permanent researchers: 17

16 (2 RyC,1 Marie Curie, 2 Balear Government, 1 UIB lecturer,
10 project contracts)

International level: Spanish 6/17, EU 7/17, Rest of the world: 3/17

24 (6 Spanish FPI + FPU, 4 Balear Government, 9 Project contracts, Other: 5)

International level: Foreign 9/23  Mobility: UIB grad students 7/23
13 8

70 18
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Dr. Sandro Meloni, (June 2018)

PhD University Roma Tre, 2010
Ramon y Cajal fellow, BIFI, Zaragoza
Junior Scientific Award 2017 Complex Systems Society

Dr. Tobias Galla, (July 2019)

MSc Muenster, Germany, 2000
Phd Oxford 2004
Reader, School of Physics, Manchester
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PERSONNELIFISC 2013-2018

25
20

15
10

2013 2014 2015 2016 2017 2018
B PERMANENT STAFF 16 15 15 16 16 17
= POSTDOCTORAL AND ASSOCIATED 19 16 20 24 15 16
= PhD STUDENTS 24 27 26 23 24 24
B LONG TERM VISITORS 19 10 14 11 11
SUPORT PERSONNEL 8 9 7 9 8
TOTAL 75 85 80 84 75 76
VISITORS Total Male Female
2 O 1 2 -1 8 Short visits Long visits Total visits Permanent staff 17 1 2
Associated staff 2 2 0
Postdoctoral fellows 16 15 1
Spain 60 3 63 PhD students 24 19 5
Europe 117 34 151 Long-term visitors 11 7 4
Rest of the 40 36 76 Suport personnel 3 5 3
world
Total 217 73 290 iatal 78 63 15
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e 10 YEARS CONNECTING SCIENCE, UNDERSTANDING COMPLEXITY NAA

Internal synergies:
Network of joint publications 2007-17
among IFISC senior scientists

= s

1 Iran 5 China 2
‘ Germany 18 Poland 5 Estonia 2
Argentina 12 Korea 3 Japan 2
. France 1 UK 3 Mexico 2
9 Greece 3 Portugal 2
7 2
7
o

USA
. . Belgium . Hungary 3 Ukraine 2 ‘ @ Universitat
Brazil Russia 3 15 other e b [l Baloars
Venezuela 6 Cameroon 2 countries
G csiIC




UNIT OF

IFISC ? MARIA IFISC STRUCTURE CHART

DE MAEZTU

Stelse \\
*CSIC B
\

Universitat

de les Illes Balears

CONSEJO SUPERIOR DE INVESTIGACIONES CIENTIFICAS

s R —
UIB-CSIC COMMITTEE |
TN EXTERNAL SCIENTIFIC

= ~ ADVISORY COMMITTEE . 

ADMINISTRATIVE UNIT OF COMPUTER
UNIT L SERVICES
Miimrims AR - e itimiﬂi".i‘i

SCIENTIFIC STAFF
ASSEMBLY

RESEARCH LINES: COMPLEX SYSTEMS.
STATISTICAL AND NONLINEAR PHYSICS

‘I L ‘.fzfx:\n :
i)* IFISC DEPARTMENTS |

TRANSPORT AND INFORMATION
; IN QUANTUM SYSTEMS

.(;v)ﬁ\:§r'/ iy ;. : NONLINEAR PHOTONICS

CROSS-DISCIPLINARY PHYSICS NOR—
(O TS i Y Ay R -l | IN FLUIDS
o i 14 = ks

BIOCOMPLEXITY

T
4= H COLLECTIVE PHENOMENA IN
ig.-'ﬂ f SOCIAL AND SOCIO-TECHNICAL
bl

SYSTEMS
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K COMPLEX SYSTEMS:
STATISTICAL AND NONLINEAR PHYSICS

LN
s AVE , l®
@"@\J
UIB Group on Human Cognition and Evolution EvoCog IFISC
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Coherence and Integration
Interaction and Bridges

1) Complex Systems: Statistical

and Nonlinear Physics
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Data mining
_._.--'-._._-_-_-_—_____-_-_-"‘--‘_
O A=
Data Gathering Storage Preprocessing Analysis and Verfication
and cleaning modelling
Data harvesting Analysis and modelling

<. File download
texi-ike, image-fike fies, geospatial data, .-

ﬂﬁﬁﬁﬁpf‘ !“] &13

= APls

set of method definitions and tools for building softwane

<% Web scraping

technique in which a computer program extracts data from
human-readable output coming frem anothes program.(a website)

2
N =™
%

Data storage and preprocessing

- Storage

Files
for specic formats such as
geographical datar shp, gegjson, ...
image-ike data png, swg, eps, pdf, ..
MongoDB database
for both struchured and non-stuchured data

DataBase
. A - repiica 1 - 267D, 51268 AAR
=

7~ Preprocessing
Gathered data might hawe emors and inconsistencies.
Some tasks have to be done before analysis:
deaning imelevant and redundant data
extraction of selected data
transformation to a suitable format

Data sources
<= Data gathering
@flghtodor; [ - [N W

<% Agreements

“ - ¢cueb|q .""-g-

<% ICT data validation for urban mobility

.- -~ Tweets on the road
PLoS ONE 9, 2105184 (2014) PLeS

ONE 9, e105407 (2014)

w
-".l-.i_'
Tuttdar i "tam
% City hotspots = Influence of sociodemographic
MNature Communications 6, 6007 (2015) - characteristics on human mobility
. Scientific F.Epoﬂs 5, 10075 (2015)
BOVA

. Twitter, mobility and city |m1uence
J. Roval Soc. Interface 12 20150473 (2015}

% Modeling land use in cities c
Foyal Society

Sciencs 2, 150440 {2015)

'y 4 = o o

[ -
[y

8 Cyun guicatnday
= Erasga rgreie

-"* Crowdsourcing the Robin Hood effect
in cities
Applied Network Science 2. 11 (2017)

.- - Touristic site attractiveness
EP) Data Scence 5. 12 [mm]

%\, = {P; e

|' - Dialect characterization

<% mooenng aelay propagauon in air
PLoS ONE 9, 112074 (2014)

traffic networks
J. Air Transport Management 56, 12 (2016)

Mappmg the kmencamzatlon of English

mosspaoe and tim
neom'mm -15) (2018) 1" )

integration
13\ 0181812 (2018)
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Semiconductor Lasers (SL)

 versatile and modem photonic sources

- interesting physics: laser and cawily physics, nonlinear (semiconductor) optics,

‘complex dynamics,

= small size, elechpulqmq hmeﬁumcy

= mulfitude of structures, materials, wavelengths, power ranges
shl::hlﬁ_FabrfPErd.DFH DEBR, VCSEL, multi-section,
p-cavilies, Photonic Crystal cavities, Photonic Integrated Circuits, .
active media: quantum wells, quantum dashes, quantum dots,

wavelengths: UV _ FIR (THz)
power ranges: pW .. KW
pa'h:ularies
fast time scales of the dynamics (ns.ps)
semiconductor band structure high gain bandwidth, high gain
sirong nonlinearities in the interaction light - semiconductor medium

Main Research Activities
* = fundamental emission properties y
- semiconducior lasers as complex systems kab

= controlling dynamical instabilities and synchronization “
and spatial

= dynamical instabiities .

-  synchronisafion properties
) i _l. i - h’ F
random number generahm
Information

processing
opfical coherence tomography

Nonlinear SL Emission Properties

oSLeld‘Mdylﬂnnall\slamlrhﬁundemﬂhmﬁ
- current modulation, light injection, or delayed opfical  feedback
- high-power edge emitters (broad area lasers)
- broad area VCSEL
- study of delayed feedback instabilifies
= instabilities in several applications due fo delayed
feedback from fibre or GO, DVD..
- delay renders the system dynamically infinite
dimensional
! R : dynamics, bifurcations, n
I chaos-control. interaction with noise
T - excellent testbed, has boosted studies of delay-

- emission characterisfics of standard Datacom-WVCSEL

% BrEzm B

q)ahihuhhummspechﬂ hole buming, h!mpﬂﬂlmeﬁeﬂi
= interactions lead to complex dynamical kehaviour

Controlling and Tailoring SL Emission

broad area VCSEL
= ow operation:

- emission in lange number of transwerse modes
» ps-pulsed operation

- only slightly blurred nearfield. but

- changed farfield! (Gaussian)

= origin: breakdown of medal emission
- possible applications: specklereduced source,
=

—

IFISC LABS

Experimental / Characterization Methods

modern photonics lab

- muﬁrhdeufplnlmi:

- umwmmhnlm
tempor. |I hara;

h: o of em
- "EGHzn!aI-ine

= realHime spectrum analysis with 14 GHz bandwidth
= spectral analysis with 30 GHz bandwidth

- grating specirometers.
-  Fabry-Perot spectrometers.
with

- picosecond resolufion
arizati i
= spectral resolution

Utilization of Complex Dynamics

- generation of suitable chaotic carrier by the Transmitier

- encryption of message by mixing it within the chaofic carrier
ofthe Transmitter

- transmission of entire signal to (matching) Receiver

- chaos synchronisation if, and only if, Receiver i a "Twin

n '- - 'E.-G"
oL “=
g o

- Iralm'ss'mdl=1562

- BER_ 10+ for 1.0 Ghitis.
fransmission with NRZ
PRES

Utilization of Complex Dynamics Il

- utilize: unpredictability of chactic laser dynamics
- continuous dynamical system with noise avoids periodicities
TECINTENCEs.

and
- atvantages: e
- high bit-rate sequences Lty
- ‘opfical implementation
- principle:
- plmwhmdamslabeuam
- i ing based on
- utilizing delay-coupled ‘to obtain high-dir
state-space projection
o 0

Current Goals & Future Perspectives

Iallurmpmperhﬁusmmi\ea’pl\ysns
from modem: phobonic sources.

mdsnmﬁdﬂay-nuuphdlam

develop novel applications based on complex behavior

bic-mimetic photonic architectures



UNIT OF
EXCELLENCE

IFISC € ¥ Maria de Maeztu Unit of Excellence 2019-22

.o

Pl: Claudio Mirasso

— C U0 Z2™

. Processing, transmission, storage and retrieval of information in complex systems.

. Designed information processing and sensing.



IFISC 9 T Maria de Maeztu Unit of Excellence 2019-22

Synthesize novel methods connecting the know-how of the
individual fields.

Quantum information
processing

Machine learning/brain
(-inspired) computing concepts

Socio-technical

Bio-Complex
Systems

Systems

_ N\
Big-data

analysis , T V Theory




~ UALOE ) _ %
FISC L Maria de Maeztu Unit of Excellence: Objectives
L1: Information processing in biological systems

Anformation processing in biochemical networks, brain circuits and structures,

and ecological networks
AGenetic diversity in ecosystems and its response to environmental changes
Miodiversity patterns, especially in microbial communities; alternative ways to encode and store information

L2: Brain-inspired analog computing in photonic and electronic sysi

Adardware implementations of reservoir computing and their applications in

Aelecom and datacom
A\utonomous operation of recurrent networks
Aevelopment of novel computing concepts, theoretical framework for scaling and

L3: Quantum information: decoherence, dissipation, and transmission

Alew functionalities based on nanoelectronic devices
Anformation processing using quantum materials

L4: Information processing in socio-technical systems

@xevin _@sa o sonya
- . H H 1 . ] Lee ‘/."H-‘___ f/\>0h“. @ Marketin:
AEvolution of social-system and processing of information: opinion, V N /0\/ O Finance
ODavid
\)/;;*/’OAII

consensus, meme spreading, fake news, etc. RS O wanuteciuring

AStudies of mobility of people and animals;
Mata-driven modeling and response of urban systems to external perturbations.
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IFISC

http://ifisc.uib-csic.es/live.php

TV

383 webseminars 2009-17

Youi:z:
IFISC COLLOQUIA
ON COMPLEX SYSTEMS

A series of seminars by leading scientists in complex systems

Detailed information and ofiline webcast at:
https://ifisc.uib-csic.es/en/events/colloquia-complex-systems/

The colloquia will be held in the Montserrat Casas seminar room of IFISC
Coffee will be served half an hour before the colloquia‘in the meeting room

Noise and information in economic
and financial systems

The EL - Nifio Phenomenon: Complexity
and Predictability

§

ST Rosario N. Mantegna
lex Systems N Palermo University
Utrecht

He
Cenf
Stu sity of

JANUARY 16,15:00 h MARCH 13,15:00 h

Emergence and pattern formation in large-scale
brain networks: from bifurcations to epilepsy

JE

Statistics of driven processes

Essential nodes and keystone species in the brain,
ecosystems and social systems

@ == _CSIC Inattts de fncs
APRIL 02,15:00 h
w

JUNE 21,15:00 h

[ Jer
o los Blas Balears

=2

Stefan Thurner

OCTOBER 18,12:00h ®

NOVEMBER 27,15:00 h

¥CsIC
@

IFISC

S5 AN 9:12

IFISC Live Seminars

2018:
71 seminars

IFISC26
Spain5
Europe 15
I Rest of the World6

word
v acquisition
Lexical

|

phonological 7
reduction

grouping

Syntactic
(analytic) _

Morphological
(synthetic)

inflection incorporation

compaction

Language as a complex adaptive system

r% —
L EXCELENCIA
© MARIA
) DE MAEZTU

Instituto de Fisica Interdisciplinar y Sistemas Compl...

200 views


http://ifisc.uib-csic.es/live_seminars/live.php
http://ifisc.uib-csic.es/live_seminars/index.html

fFIsC © Bt Publications

https://ifisc.uib-csic.es/en/publications/

W JCR JOURNALS OTHER PUBLICATIONS

120 High impact 2012-2018:

100

80 1 Rev. Mod. Phys,

60
2
0 4 Nature Comm,

2013 2014 2015 2016 2017 2018

o

o

1 Nature Geophysics

24 Phys. Reuv. Lett.

2015 2016 2017 2018 TOTAL
JCR JOURNALS 85 64 66 56 58 73 402
OTHER PUBLICATIO! 13 7 6 8 14 2 50
TOTAL 98 71 72 64 72 75 452

JOURNALS WITH THE LARGEST NUMBER OF PUBLICATIONS

: 14 12 ; : 10 st
1 : ; : 0 0 ‘
| ) . N


http://ifisc.uib-csic.es/publications/

o (e mmE N X%
ﬁSC ?MM IFISC Publications

*

Contributions outside traditional basic physics (2013-18):
51 +|EEE(14)

* Nature Geoscience, Journal of Geophysical Research, Geophysical Research Letters,
Deep-Sea Research |, Nonlinear Processes in Geophysics, Continental Shelf Research,
ICES Journal of Marine Science, Earth Science Dynamics, Progress in Oceanography,
Frontiers in Marine Science, and Journal of Climate

* Trends in Ecology and Evolution, Journal of Theoretical Biology, Bulletin of Mathematical
Ecology, Journal of the Royal Society Interface, Neuroimage, PLoS Computational Biology,
Ecological Complexity, —Macromolecules, Ecography, Frontiers in Computational
Neuroscience, Frontiers in Neuroscience, Frontiers in Neuroinformatics, Journal of Heredity,
Physiological Reports, Journal of Applied Ecology, Theoretical Biology and Medical Modelling,
ISME Journal, and Global Ecology and Biogeography..

* Journal of Artificial Societies and Social Simulation, International Journal of the Sociology of
Language, Transportation Journal, Transportation, Journal of Air Transport management, Built
Environment, and Journal of Transport Geography

* Computing and Informatics, EPJ Data Science, Journal of Machine Learning Research,
Cognitive Computation, and Applied Network Science.
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Publications in top physics, multidisciplinary and non-physics journals
(Biology, Ecology, Neuroscience and Social Sciences).

MR Journal of Machine Learning Research

INTERNATIONAL

JOURNAL OF
THE SOCIOLOGY

Trends in Ecology & Evoluhon ' ' A ' s pe LANGU'_\Gﬁ
58 _ ::- *’f-
. American Journal of Sociology e :

nature
geosc1ence

O Citation per paper in 2012-17: 11,66
(Max Planck Dresden: 11,53; ISC(CNR,lItaly): 8,88)
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4000000

3500000

3000000

2500000

2000000

1500000

o—-—/"\\‘\

1000000

«

500000

0 — IIIIIIIIIIII___ I —
2012 2013 2014 2015 2016 2017 2018 TOTAL
s European Commission 803952 625.349 € 0€ 210875 € 298.121 € 0€ 12.000 € 1.959.297 €
i Spanish National Plan for Science 261360 934.830 € 0€ 77.000 € 799.084 € 54450 € 2.320.000 € 4446.724 €
 Other Funding 0 0€ 47.250 € 123.813 € 312.740 € 60.500 € 122573 € 666.876 €
Total 1.065.312 € 1.560.179 € 47.250 € 420.688 € 1.409.945 € 114.950 € 2454 573 € 7.072.897 €
=@-Anualized Total 1.049.669 € 1.201.140 € 890914 € 676.039 € 625.961 € 648.528 € 1.326.489 €
+ 2.000.000
Grand total budget of active projects in 2018: 2.284.475 U -
9 Proj Maria de Maeztu

Budget of EC-funded active projects in 2018:

34 % of total

Unit of Excellence
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(areas: Physics, ICT, Marine Sciences, Material Sciences)

Granted projects 2015-19: 12
Granted projects 2015-18: 4 + 1 contract

EC COST actions, Spanish representative in Management Committee:

Running COST actions 2015-18: 3
Granted COST actions 2015-19: 1

Spanish Plan funded networks:
Granted networks 2015-18: 6 +1 (SOMMa)

(private funding): 7 contracts in 2015-18



IFISC € ¥ IFISC Main Research Projects

Spintronics, Energy, and Topology @ Quantum Transport (2015-17) PI. R. Lopez

Non-Markovian quantum evolutions in structured environments (2015-17).
Pl. R. Zambrini

Quantum information preserving with structured embeddings (2016-17) PI. F. Galve

Emergent Phenomena and Decoherence in Quantum Complex Systems (2017-
2019) PI. R. Zambrini

Improving data DEcoding in optical communication networks All-optically using neuro-
inspired photonic systems (2017-2019) PI. |. Fischer, C. Mirasso

Emergent Social, Technological and Ecological Complex Systems (2016-18).
Pl. P. Colet, M. San Miguel

Lagrangian studies of Oceanic Processes: connectivity patterns, barriers to transport
and marine populations (2016-18) PI. C. Lopez

Spatiotemporality in sociobological interactions, models and methods (2017-2019)
Pl. V. M. Eguiluz

Transport in Quantum Materials at the Nanoscale (2018-2020)
Pl. D. Sanchez, R. Lopez



IFISC ) DEMAEZIU IFISC Main Research Projects

Physics approach to complexity in sociotechnical systems (2019-21)
Pl. R. Toral, J. Ramasco

Sustainability of marine coastal ecosystems in the context of global change in the

Mediterranean sea: Modeling and simulations (2019-21).
Pl. D. Gomila



IFISC DE MAEZTU IFISC Main Research Projects

Learning about Interacting Networks in Climate (2012-15) PI. E. Hernandez-Garcia

Analysis of air transportation using complex networks, EC-SESAR-Eurocontrol (2011-15).
Pl. M. San Miguel

Evolutive User-centric Networks for Intraurban Accessibility (2012-15) Coordinator and PI. M.
San Miguel

Multi-Layer Spatiotemporal Generalized Networks.(2012-15) PI. M. San Miguel

Innovative Policy Modelling and Governance Tools for Sustainable Post-Crisis Urban
Development (2013-16) Pl. J. Ramasco

Data-driven modelling of network-wide extension of the Tree of REactionary delays in ECAC area
(2013-16) PI. J. Ramasco

Quantum Probes for Complex Systems, H2020, (2015-17) Pl R. Zambrini

Passenger-centric Big Data Sources for Socio-economic and Behavioural Research in
ATM,H2020 (2016-18) PI. J. Ramasco

Signal proCEssing in optical communication NeTworks Using Reservolr cOmputiNg, H2020
MSCA IF (2016-18) PI | Fischer

Climate Advanced Forecasting of sub-seasonal Extremes (2018-23) PI. E. Hernandez-Garcia

Big data for territorial analysis and housing dynamics (2018) PI. J. Ramasco



IFISC ) DEMAEZIU IFISC Main Research Projects

Analyzing the dynamics of information and knowledge landscapes. COST
ACTION TD1210. (2012-2017). IFISC Spanish member of MC: M. San Miguel.

:Thermodynamics in the Quantum Regime. COST Action 1209 (2014-2017). IFISC
Spanish member of MC: R. Zambrini.

European Cooperation for Statistics of Network Data Science. COST Action 151009.

(2016-2020). IFISC Spanish member of MC: M. San Miguel

Complex Sociotechnical systems (2015-17) M. San Miguel
Dynamics and synchronization in complex networks (2016-17) M.C. Soriano
Network of non-equilibrium statistical physics and its multidisciplinary applications
(2017-19) D. Sanchez
Thermoelectricity network: new theories (2017-19) R. Lopez
Quantum Information and Technologies network (2017-19) R. Zambrini
T h &evero Oc h oCandres a n dMari@ de Maeztu6 Uni t s of

Alliance (2018-2022) C. Mirasso

E
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Nonlinear Dynamics in photonics for future information and communication
technologies (2016-2018). PICS CNRS (Bensancon)-CSIC (IFISC). D. Gomila

: Modeling housing markets dynamics thanks to emerging and heterogenoeus
data sources (2019-2021). PICS CNRS (Institute for Humanities and Social Sciences, Paris)-
CSIC (IFISC) J. Ramasco.

Intersdisciplinary and Transdisciplinary Studies in Ecology and Evolution (2016-2022)
CNPq, CAPES, FAPESB Brazil. E. Hernandez-Garcia

(1] //] N )/ and Policy (DRP)

S\ [/ 4

UNWTO urﬁgef

World Tourism Organization

ZAUNNS { /AR
Ii‘ll‘i\ \/ @‘\0 Data, Research

Migrant mobility flows
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Research Collaboration Agreement with XARION Laser Acoustics (2014-15). PI. I.
Fischer

Research contract on Data Analysis with LOGITRAVEL (2015). PI. J. Ramasco
and P. Colet

Research Collaboration Agreement with Nuubo Wearable Medical Technologies
(2015-2016). PI. M.C. Soriano and C. R. Mirasso.

Neuromorphic Computing using QD-Networks, Volkswagen Foundation, (2016-
2018), PI. |. Fischer

Coupled Animal and Atrtificial Sensing for Sustainable Ecosystems, King Abdullah
University of Science and Technology (2016-18), PI. V.M. Eguiluz

Exhibition on the International year of light and light-based technologies, Red
Electrica Espafola (2015), Pl C.R. Mirasso

Towards an Ecological Approach of Information Systems (Fondazione Cassa di
Risparmio di Padova e Rovigo (2018), Pl S. Meloni
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Contracts o
Mg Isdefe

‘<D FEe e
= ="/ *% sumejor aliado

XQrion R = s
laser acoustics KAUST 0 Fondazione
Cassa di Risparmio
di Padova e Rovigo

o - @ LOGI
SESAR 4

B ‘=3 RED ELECTRICA DE ESPANA
EURCCOMNTROL 7.-’

¢
W
‘%%

Joint Projects

IOM

Kineo

BBV,

WATION CENTER ﬂrangem

Telefonica l+D

S I hAR C‘ 5 l_ S #¢) Two Good Neighbors i B it
= lles Balears
¢ ¢ innovacio
& LOGI com m Biolinealcom tecnoiogica



http://www.isdefe.es/index.php
https://www.centrodeinnovacionbbva.com/contents/6270-la-semana-santa-en-tiempo-real
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frsc Q&b Training *

S l J | z | Master in Physics of \ A
Complex Systems A

Main features The Master in Physics of Complex Systems is an official degree offered by the University of the Balearic Islands (UIB)
Programme syfiabus 2013-2014 in collaboration with the Spanish National Research Council (CSIC). Itis organized and taught by IFISC, the Institute
Scheddle for Cross.-Disciplinary Physics and Complex Systems, a joint UIB-CSIC research center in Paima de Mallorca, Spain.

FELLOWSHIPS

Pre-registration

Poster and Leaflet

Research lines
Fellowships

Partners

Contact and location
Frequently asked questions

IFISC home page

: | 2
SOCIOLOw 1. iins s
. "  Jom { \;Lu .:.CE:»
Y it fgL‘.y)fDY NAMICS

// < / 4
AFISC =

o . ' Download the video in SD Download the video in HD Seein Vimeor

Yohoniint csic

Shared PhD program of excellence in Physics of UIB

Summer schools


http://www.gefenol.es/school2014
https://ifisc.uib-csic.es/master/
https://ifisc.uib-csic.es/en/about-ifisc/join-us/surf/
file:///E:/Main/IFISC/master/ifisc._master_in_physics_of_complex_systems._uib_1280x720.mp4

- . UNIT OF
EXCELLENCE

ﬁ SC ?
;K IFISC WORKSHOPS

25th CENTRAL EUROPEAN WORKSHOP
CEWQO  oN QuUANTUM OPTICS
May 21-25, 2018

IFISC 10y
CROSSROADS IN COMPLEX SYSTEMS
June 5-8, 2017

QUANTUM PROBES FOR COMPLEX
SYSTEMS
April 6-7, 2017

MAJORANA STATES IN CONDENSED
MATTER: TOWARDS TOPOLOGICAL
QUANTUM COMPUTATION

May 14-20, 2017

CROSSROADS

yRX YOUNG RESEARCHERS AT THE
5 June 2-4, 2017

costEneE COSTNET WORKSHOP ON STATISTICS

OF NETWORK DATA SCIENCE
October, 2017

ICE-3 QUANTUM INFORMATION
IN SPAIN
April 13-15, 2016

April 19-24, 2015

2nd QUANTUM THERMODYNAMICS CONFERENCE

X%
IFISC WORKSHOPS

* EXPLORATORY WORKSHOPS

QUANTUM CONTROL IN COMPLEX
NETWORKS
January 2018

NEW TRENDS IN FREQUENCY COMB
GENERATION
November, 2017

TREE: DATA-DRIVEN MODELLING

OF NETWORK-WIDE EXTENSION OF
THE TREE OF REACTIONARY DELAYS
IN ECAC AREA

January, 2014

WORKSHOP THEfoDA: THEORY AND
MECHANISMS OF SOCIAL INTERACTIONS
IN THE BIG DATA ERA

February, 2013

* IFISC SUMMER SCHOOLS

4 VIl and VIII SUMMER SCHOOL ON
1/, STATISTICAL PHYSICS
@E OF COMPLEX AND SMALL SYSTEMS

June 19-30, 2017
% July 2-13, 2018

. SUMMER SCHOOL ON COMPLEX SOCIO-
TECHNICAL SYSTEMS
comsolec

September 4-8, 2017




(IS¢ ?MM IFISC Research Lines *
COMPLEX SYSTEMS. STATISTICAL AND NONLINEAR PHYSICS

Complex systems are characterized
by emergent and collective
phenomena of many interacting units.
Fundamental understanding of these
systems comes from Statistical
Physics together with the Theory of
Dynamical Systems, which includes
the study of chaos and the effect of
fluctuations and random events on
systems evolution.

This research line of exploratory nature is the backbone of
IFISC: We develop new concepts and methods for the study of
Complex Systems, and we analyze generic phenomena such
as synchronization, phase transitions, nonequilibrium
instabilities, spatiotemporal pattern formation, and the
dynamics and evolution of complex networks.




UNIT OF

(FISC ?M IFISC Research Lines

DE MAEZTU

Emergent Social, Technological and
Ecological Complex Systems
Pl. P. Colet, M. San Miguel

Emergent phenomena and decoherence inq_ s 17 =
complex systems. PI. R. Zambrini =

Spatiotemporality in sociobological interactions,
models and methods. PI. V. M. Eguiluz

Improving Data Decoding in optical communication
networks all-optically using neuroinsopired photonic
systems. PI. I. Fischer

Physics approach to complexity in sociotechnical
systems. PI. R. Toral, J. Ramasco

Sustainability of marine coastal ecosystems in the
context of global change in the Mediterranean sea:
Modeling and simulations. PI. D. Gomila


https://ifisc.uib-csic.es/en/research/complex-systems/
https://ifisc.uib-csic.es/en/research/projects/esotecos/
https://ifisc.uib-csic.es/en/research/projects/esotecos/
https://ifisc.uib-csic.es/en/research/projects/esotecos/
https://ifisc.uib-csic.es/en/research/projects/esotecos/
https://ifisc.uib-csic.es/en/research/projects/ephequcs/
https://ifisc.uib-csic.es/en/research/projects/ephequcs/
https://ifisc.uib-csic.es/en/research/projects/spasimm/
https://ifisc.uib-csic.es/en/research/projects/spasimm/
https://ifisc.uib-csic.es/en/research/projects/idea/
https://ifisc.uib-csic.es/en/research/projects/idea/
https://ifisc.uib-csic.es/en/research/projects/pacss/
https://ifisc.uib-csic.es/en/research/projects/pacss/
https://ifisc.uib-csic.es/en/research/projects/sumaeco/
https://ifisc.uib-csic.es/en/research/projects/sumaeco/
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IFISC Research Lines

Understanding of Quantum
Complex Phenomena plays a key
role in the development of
Quantum Technologies identified
as one of the most strategic areas
for future research and innovation.

In this research line, we are devoted to questions
related to quantum transport for
charge(nanoelectronics), spin (spintronics), energy
(thermoelectrics) and information (quantum
correlations), with a particular focus on nanostructures.

Moreover, we investigate decoherence effects in
complex environments, explore quantum probing, and
emergent phenomena such as synchronization, with a
focus on quantum correlations and thermodynamics
and their impact on information processing.


https://ifisc.uib-csic.es/en/research/transport-and-information-quantum-systems/

UNIT OF

EXCELLENCE
MARIA
DE MAEZTU

w

O

=

Quantum Probes for Complex Systems
Pl R. Zambrini

Spintronics, Energy, and Topology @
Quantum Transport
Pl. R. Lopez

Non-Markovian quantum evolutions in
structured environments
Pl. R. Zambrini

Emergent phenomena and decoherence in
quantum complex systems
Pl. R. Zambrini

Transport in Quantum materials at the
Nanoscale
Pl. D. Sanchez and R. Lépez

IFISC Research Lines

Llorens Serra

Roberta Zambrini


https://ifisc.uib-csic.es/en/research/projects/quprocs/
https://ifisc.uib-csic.es/en/research/projects/setqt/
https://ifisc.uib-csic.es/en/research/projects/setqt/
https://ifisc.uib-csic.es/en/research/projects/nomaq/
https://ifisc.uib-csic.es/en/research/projects/nomaq/
https://ifisc.uib-csic.es/en/research/projects/ephequcs/
https://ifisc.uib-csic.es/en/research/projects/ephequcs/
https://ifisc.uib-csic.es/en/research/projects/tqmnano/
https://ifisc.uib-csic.es/en/research/projects/tqmnano/
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IFISC Research Lines

Within this line of research, we
explore complex phenomena in
photonics, filling the gap between
Modern Photonic Sources and
Functional Complex Systems.

Our Nonlinear Photonics Lab, working alongside a strong
theoretical team, aims to gain an in-depth understanding
of complex phenomena and to provide novel solutions
from communication to information processing,
transferring knowledge to the Information and
Communication Technologies (ICT) domain.

We study nonlinear and spatio-temporal emission
properties of semiconductor lasers, implement optical
complex networks based on lasers, advance
characterization techniques, and demonstrate the utility
of optical complexity for information technologies
Including encryption and ultra-fast neuro-inspired
photonic information processing.


https://ifisc.uib-csic.es/en/research/nonlinear-photonics/

IFISC

BENCUPDONET

UNIT OF
EXCELLENCE
MARIA

DE MAEZTU

Improving data Decoding in optical

communications networks All-optically

using neuro-inspired photonic systems
Pl. I. Fischer, C. Mirasso

Neuromorphic Computing using Quantum
Dot-Networks
Pl. I. Fischer

Signal proCEssing in optical
communication NeTworks Using Reservolr
cOmputiNg

Pl. I. Fischer

Nonlinear dynamics in photonics for future
information and communication
technologies

Pl. D. Gomila

Damia Gomila

IFISC Research Lines

Pere Colet

>~

Claudio Mirasso


https://ifisc.uib-csic.es/en/research/projects/idea/
https://ifisc.uib-csic.es/en/research/projects/idea/
https://ifisc.uib-csic.es/en/research/projects/neuroqnet/
https://ifisc.uib-csic.es/en/research/projects/neuroqnet/
https://ifisc.uib-csic.es/en/research/projects/centurion/
https://ifisc.uib-csic.es/en/research/projects/centurion/
https://ifisc.uib-csic.es/en/research/projects/nd-phot/
https://ifisc.uib-csic.es/en/research/projects/nd-phot/
https://ifisc.uib-csic.es/en/research/projects/nd-phot/
https://ifisc.uib-csic.es/en/research/projects/nd-phot/
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Fluid flows occur in a huge range of scales,
from blood capillaries to atmospheric
weather systems. The way in which
substances are transported has large
Impacts, e.g., on how pollutants arrive to
distant locations, plankton meets the
nutrients, or into the whole heat balance
Involved in the Earth climate.

traﬂsﬁ?éf el miing @

/

‘g\eom _f-lysital
fluids-

IFISC Research Lines

At IFISC we develop techniques
useful to characterize transport in
fluids, quantify stretching, mixing,
and connectivity between parts of
a fluid. We apply them to
geophysical settings, mostly in the
ocean. We develop tools to
identify barriers to the transport of
oxygen and nutrients, evaluate the
ecological implications of larval
transport, or track the origins of
water vapor masses transported
by atmospheric winds.


https://ifisc.uib-csic.es/en/research/nonlinear-dynamics-fluids/

UNIT OF

(FISC ?M IFISC Research Lines

DE MAEZTU

Lagrangian studies of Oceanic Processes:
connectivity patterns, barriers to transport
and marine
populations

Pl. C. Lépez

Learning about Interacting Networks in
Climate
Pl. E. Herndndez-Garcia

Climate Advanced Forecasting of sub-
seasonal extremes

Cristobal Lopez Tomas Sintes

Pl. E. Hernandez-Garcia


https://ifisc.uib-csic.es/en/research/projects/laop/
https://ifisc.uib-csic.es/en/research/projects/laop/
https://ifisc.uib-csic.es/en/research/projects/laop/
https://ifisc.uib-csic.es/en/research/projects/linc/
https://ifisc.uib-csic.es/en/research/projects/linc/
https://ifisc.uib-csic.es/en/research/projects/cafe/
https://ifisc.uib-csic.es/en/research/projects/cafe/
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IFISC Research Lines

Living systems are the paradigm of
complex systems, with nonlinear
Interactions occurring at all spatial
and temporal scales, from
molecules and genes to the
planetary scales defining the global
biosphere.

One of the focus of our research is the ecological level
where we consider modes of
Interplay with food search, disease propagation, spatial
patterning, and also with the basic ecological interactions
such as competition, predation, or mutualism.

Another focal issue in our studies is understanding brain
function, which requires approaches at scales that range
from individual neurons to the whole brain. At the neuronal
level, we concentrate on aspects of synchronization between
Interacting neuronal populations and study how information
flows. With the help of statistical measures, we analyze
experimental data and compare the results with neuronal
models.


https://ifisc.uib-csic.es/en/research/biocomplexity/

UNIT OF

(Fis¢ @ ik FISC Research Lines

0

<iY

Emergent social, technical
and ecological complex systems. Pl P. Colet, M. San Miguel

Coupled Animal and Artificial Sensing for Sustainable ) _ _
Ecosystems: The Red Sea as a case Study. PI. V. Eguiluz ~ Victor Eguiluz Damia Gomila

Spatiotemporality in sociobological interactions,
models and methods. PI. V. M. Eguiluz, K. Klemm

_Sustainability of marine coastal ecosystems in the
context of global change in the Mediterranean sea: Modeling
and simulations. PI. D. Gomila

- . NCT in Interdisciplinary and Transdisciplinary

Studies in Ecology and Evolution. Pl. E.Hernandez-Garcia o i ) L ,
Emilio Hernandez-Garcia Cristobal Lopez

Manuel Matias Sandro Meloni Claudio Mirasso Tomas Sintes Raul Toral


https://ifisc.uib-csic.es/en/research/projects/esotecos/
https://ifisc.uib-csic.es/en/research/projects/esotecos/
https://ifisc.uib-csic.es/en/research/projects/caase/
https://ifisc.uib-csic.es/en/research/projects/caase/
https://ifisc.uib-csic.es/en/research/projects/spasimm/
https://ifisc.uib-csic.es/en/research/projects/spasimm/
https://ifisc.uib-csic.es/en/research/projects/spasimm/
https://ifisc.uib-csic.es/en/research/projects/sumaeco/
https://ifisc.uib-csic.es/en/research/projects/sumaeco/
https://ifisc.uib-csic.es/en/research/projects/in-tree/
https://ifisc.uib-csic.es/en/research/projects/in-tree/
https://ifisc.uib-csic.es/en/research/projects/in-tree/
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Social systems are prominent examples
of Complex Systems, emergent
phenomena, and the Micro-Macro
paradigm. Todayos
changes and challenges arise from the
feedback loop that entangles society
with Information and Communication
Technologies (ICT) as a prototypical
socio-technical system.

In this line of research we develop new concepts, tools and
models aiming at identifying generic mechanisms underlying
collective phenomena in these systems. We do this in the
framework of Computational Social Sciences with the use of
Game Theory, Statistical Physics, Agent Based Models, Complex
Networks Theory, and Big Data analysis. We study phenomena
such as opinion formation, cooperation, cultural conflicts,
language competition and social learning. Moreover, we focus on
|ICT data-driven research on socio-technical systems, addressing
problems of human mobility, transportation, tourism, city science,
epidemics, and energy consumption.


https://ifisc.uib-csic.es/en/research/dynamics-and-collective-phenomena-social-systems/
https://ifisc.uib-csic.es/en/research/dynamics-and-collective-phenomena-social-systems/
https://ifisc.uib-csic.es/en/research/dynamics-and-collective-phenomena-social-systems/
https://ifisc.uib-csic.es/en/research/dynamics-and-collective-phenomena-social-systems/
https://ifisc.uib-csic.es/en/research/dynamics-and-collective-phenomena-social-systems/

