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Interdisciplinary Sciences:

Physics, Chemistry, Biology
Mathematics, Computer Science
Engineering

Medical and Health Sciences

Economics ?
Sociology?
Linguistics
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Textbooks in Econophysics

feuimal Enlk .

J.F Bouchaudand M. Fotters — Theory of Financial Risk
and Derivative Pricing: from Statistical Physics to Risk
Management, Cambridge University Press (2003)

J. Voit —The Siatistical Mechanics of Financial
Markets, Springer (2005)
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R.N. Mantegna and H.E Stanley —An Introduction
to Econophysics: Comelations and Complexity in
Finance, Cambridge University Press (2000)







1970 — 10 hosts

1990 —1.75*10° hosts

Now —1.2*10° hosts

1990 — 1 web site
1996 — 10° web sites
Now -—10° web sites

: Hosts
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Internet

e Today >> 10° Connections

e What is its structure?

e How are new connections made?

Answer:
e \We have to see how it all started



Network = Graph

e We have two (2) kinds of entities:
— Nodes
— Connections, synapses, edges

e could be a simple graph or a complex one
(Complex systems)



The model of Erd6s-Rényi (1960)

Connections
with
L robabilit
P =116 YP

P(k)

k=number of connections that a node has
P(k)= distribution of k

Pal Erdos
(1913-1996)

Poisson distribution




Structure of the Internet:

All new nodes are randomly connected.
No higher Government to dictate the connectivity in the Internet.

THUS:
One would expect a Normal distribution (Gauss/Poisson).

Pik)

- <k -

k=number of connections that a node has
P(k)= distribution of k



INTERNET BACKBONE

Nodes: computers, routers Links: physical lines
10000
routes.out” -
exp(8.52124) = x** ( -2.48626)
1000 |
N -
P(k) ~ kY Bl
P(k)
10 ¢
k=number of connections that a node has
P(k)= distribution of k ; ; L o
1 10 100

. e i
-

(Faloutsos, Faloutsos and Faloutsos, 1997)
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Network Backbone at University of Thessaloniki
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World Wide Web

Nodes: WWW documents Links: URL links

800 million documents (S. Lawrence, 1999)

III)BIIT collects all
URL’s found in a
document and follows
them recursively

R. Albert, H. Jeong, A-L Barabasi, Nature, 401 130 (1999)



WWW

It has a power-law

10 D ) S )
e 19" 107 197 100 100 100 107 10 100
el :

K41

Diameter of WWW:

<d>=0.35 + 2.06 logN gr‘%
1of 1 I1\:':-" 0" 10

Av N=8x108 - <d>=18.59



Communication networks

The Earth is developing an e ectronic nervous system,
a network with diverse nodes and links are

\

-computers -phone lines
-routers -TV cables
-satellites -EM waves

Communication
networks. Many
non-identical
components
with diverse
connections
between them.




What does it mean?
Poisson distribution P_ower-law distribution

P(k)
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Nodes: individuals

Links: social relationship
(family/work/friendship/etc.)

S. Milgram (1967)

John Guare

How many (n) connections are needed so that an individual is connected with any
other person in the world?
N=6 billion people Result: n~6

Conclusion: We live in a small world
Six Degrees of Separation!!
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Facebook:

*700,000,000 registered users
*50,000,000 active users
5,000,000 generate 95% of traffic

Questions to answer:
*How many people communicate with how many?
*How many connections that each person have?
How frequently does he communicate with others?
*How long time does the communication last?



SCIENCE COAUTHORSHIP

Nodes: scientist (authors)
Links: write paper together
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SCIENCE CITATION INDEX

Nodes: papers \j\ ‘ I // /

Links: citations T
Witten-Sandey

] ]

(S. Redner; 1998)



[N RN R R S R

et Movie Database

FIEGI-ETEH

Days of Thunder (1990)
- Farand Away  (1992)
'-“y@ANid@,S‘hu_t (1999)

{

=

N = 212 250 "f@r

= 7 "r.-
s

'-.* '}Fij

EPTSC

THE FHAM




B =
oS )
B N
= 34 = ©
. o~ 4
& .m mm ~ o B
[ 5 =
2= Lo ; 82 3
I QO [ “1num Im Q N
X =0 & 1-= &
B g3 i1 238 5
D 3 by S S = = O
S & . o © 010_ N =
R o Nle)) -
L v . = < O
T X B 0 g > :
o < - = = = =
Z ("y)d ‘uonnqmsip aanejuuIny




Yeast protein network

Nodes: proteins
Links: physical interactions (binding)

'Finding Proteins That Interact

One technique, called the yeast two-
hybrid system, relies on bringing into close YPREY"
proximity two halves {0 and b) of a protein PROTEIN
that activates a gene that causes a yeast 7
cell to turn blue. It is used to determine A
which of a poal of unknown “prey” pra- -—égﬁ%;% E: 3
v

teins binds to a known “bait” protein,

"PREY"
P PROTEINS DO NOT

SBAIT*  YEAST CELL BIND; CELLS

REMAIN WHITE R

1 Insert DA encoding a
known bait” protein linked
to DN A far half (o) of the \
activator protein

"PREY" PROTEIM
BIMDS; CELL
TURMS BLUE

Ly

"Mfff’% 'iﬁ‘;:': ’

COLOR-CHANGE

2 Insert DNA for the other half GEHESCH
(4] of the activator protein linked 3 Look for coler change,
to DNA encoding randam which indicates “prey”
“prey” proteins protein binding to “bait”®

Paiek

P. Uetz, et al. Nature 403, 623-7 (2000).



Real-world phenomena to study

Crowd behavior: strategies to evacuate people and stop
panic.

Search strategies: efficient networks for searching objects
and people.

Traffic flow: optimization of collective flow.

Dynamics of collaboration: human relationship networks
such as collaboration, opinion propagation and email
networks.

Spread of epidemics: efficient immunization strategies.
Bullying: networks of harassment in peer groups

Patterns in economics and finance: dynamic patterns in
other disciplines, such as Economics and Finance, and
Environmental networks.



@usceptible @ Infected @ Recovered (or Removed)




What is Econophysics?

“Econophysics is the application of typical
methods from physics to the study of the

financial markets, seen as a complex system.”

H.E. Stanley, Boston University, Physica A, Vol 285, p. 1 (2000)

ELEUTIL ELE Sl Exotic statistical physics with

“For his infivential contribution to applications o biology, medicine and
several areas of statistical physics. .. ECONOMmICS.

However...itis nothing really that new!

E. Majorana, Scientia, Viol. 36, 58 (1842)

“Onthe value of the statistical laws in
physics andin social sciences.”




Time series
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Stock price changes
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Logarithmic Returns

Price in Euro
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If not Gaussian then what?

Small to intermediate Op : From Mantegna,Stanley, Nature (1995)
Pareto-Levy )

distribution with a
power-law tail 1+u=2.4
(Mandelbrot, 1963).

e |tis a stationary pdf for
the sum of random
variables with
diverging second

moment:
< p 1+ Fp2 d Op = oo

* non-random walk r
exponent N D VS. t SP500 |r1 1984—1289 at
1 min resolution

<|p(t)-p(0) | >~t/H (1.5mIn data points)

logiP{ri)

- (1 il 1 i L I
-20 15 -10 -B 0 B 0 15 20



Boltzmann-Gibbs versus Pareto distribution

Ludwig Boltzmann (1844-1906) Vilfredo Pareto (1848-1923)

Boltzmann-Gibbs probability distribution Pareto probability distribution
P(€)~exp(e/T), where € is energy, and T=<&> P(r)~r@1) of income r.
is temperature.

An analogy between the distributions of energy € and money m or income r

33



LUICK experiment: Tree aata Trom
www.nyse.com/marketinfo/nysestatisti
cs.html

In a gaussian world the probability of the
October 1987 crash would be 10-13°!



Athens Stock Exchange

* Mantegna - Stanley
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Rare events:

*Why do Financial Stock Markets crash?
*What are the bubbles?

*Can we predict such events?

*Can we find some pre-cursor activity?



If you look at our world
today you will see a lot
of computers, up to
several million!




...but also data storage
elements and
instruments such as
meteorological sensors
and satellites.




What is the Grid?




What is the Grid?




What is the Grid?




Whatis the Grid?
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What is the Grid?




What is the Grid?




What is the Grid?




Whatis the Grid?




What is the Grid?




computing nowadays is like.......

water, electricity, telephone, television



Cloud computing
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Tools to attack the computational
problem (the HPC case...)

nVidia GPGPU

SGI Altix FPGA IBM Cell
Blade servers (LANL Roadrunner)

52



European Griiﬁnfrastructure

- Objectives
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HellasGrid Overview

HG-03-AUTH
HellasGrid Infrastructure Overview
& CPU Cores Storage (TBs)
-
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e L= Lainly === T,
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<4
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.
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Grid Infrastructure @ A.U.Th.
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|CoSCIS Project

Build new GRID node in Blagoevgrad

Connect Blagoevgrad node to the Bulgarian
National Grid structure

Enhance/improve the Thessaloniki node
Bring the 2 communities together
Provide all the necessary training
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