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Complex = Nonlinear + Statistical + ...

Nonlinear= Strongly interacting, chaotic, coherent,..
Statistical= Many elements, stochastic, disordered,...

Function and emergent properties
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Extreme events

Number of events

Intensity —

Yb-doped Supercontinuum

Mode-locked —[>—_—
laser Monlinear fibre

Real-time oscilloscope —1,300 ps nm~! GVD

ey

Photodetector

~15,000 events

Time —»

; IJLL.I,.l Jl i L \ .

I e

na
(=]

-
o

(=]

0 100 200 300 0 100 200 300 O 100 200 300
Intensity bins (arbitrary units)

Figure 1| Experimental observation of optical rogue waves. a, Schematic of
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FIG. 3. The normalized probability P..=Py(h=hy) for the oc-
currence of extreme events as a function of the integrability param-
eter I'. All data present averaged results of five numerical measure-
ments differing in the initial conditions.



Economic agent models and spin glass theory

Agent models have used simple ferromagnetic-paramagnetic
phase transitions in order to describe emergent behavior of
social and economical groups (Brock, Durlauf, loannides)

More complex models involving statistically distributed (social)
interactions may be utilized (spin glasses). This approach may
capture in a more refined way the intricacies of societies of

agents.
Discrete choice models: m is the agent’s
subjective expectation of the other agents’
) decision, B is a behavioral parameter, h a
1 e private utility component, and J describes the
e social interactions
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Solvable Model of a Spin-Glass

David Sherrington* and Scott Kirkpatrick
IBM Thomas J, Watson Reseaveh Cenler, Yovklown Heights, New Yovk 107" -
(Received 16 October 1975) Jy=d,/N, J=dJ/N'2

Je=—32d4;8,5;, S;=+1,
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pld; )= (2n) 20 ] " exp|=(J;, = J, /27,
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q=1- (212 [dz exp(- 2% /2) sech?[Jg*/2/k T)z + Jom/kT],
m=(21)" [dz exp(—- 2%/2) tanh [(Jg* /2 /k Tz +Jdym/kT].
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FIG. 1. Phase diagram of spin-glass ferromagnet. kT

FIG. 3. Differential susceptibility without external
field (solid lines) and with a field #=0.1J (dotted lines)
for J,/d=0, curves a, and J,/J=0.5, curves b.



Economic and Social Systems Research
(G. Neofotistos)

Complex network analysis

- quantitative study of the O*NET jobs-knowledge and jobs-skills networks (centralities, spanning
trees)

- identifying the most central skills and knowledge for the new-and-emerging green jobs (based
on network analysis of the O*NET-SOC 2009 updated taxonomy)

Global climate change issues and climatic time series analysis
- the welfare effects of global coal taxes

- usigg time-series models (the Campbell-Diebold model in particular) to estimate global warming
trends

Dynamics of social excitations - Dynamics sales of digital products/services

- Build-up and decay of social excitations [currently: social excitations generated by “science”
events (i.e. solar eclipses) in order to enhance “science & society” links]

- Endogeneous v. exogeneous / critical v. subcritical shocks’ impact of digital goods sales

Quantifying web-usage patterns
- Currently: Quantifying and categorizing web-users behavior in online (e-learning) repositories)

Global trade simulations, using the computational general equilibrium (CGE) GTAP model



Our FuturlCT interests

*Define and solve complex models for social dynamics

*Explore the possible role of nonextensive entropies that appear
to be appropriate for systems out of equilibrium

*Investigate the emergence of extreme socioeconomic events
eLink with (real time) data, produce predictions for specific
instances and embed the code in the FuturlCT accelerator
eIntroduce real time statistical predictability

*Global climatic changes

*Networks and global trading



