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Change of scale:
s — bs = P(s) x s~

...power-law unchanged!
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[R. N. Mantegna, Physica A 179,
232 (1991)]

Econophysical phenomenology

M.1.B. index (10 3a.u.)
n

’n (a.u.)
(o]
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time (years)
Time evolution of Milano Stock market index and

returns.
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[R. N. Mantegna, Physica A 179,
232 (1991)]

Econophysical phenomenology
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Histogram of time changes in Milano Stock

market.

returns. P(I)x I™%, a~24.

Time evolution of Milano Stock market index and
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rice fluctuations : [R. N. Mantegna and H. E. Stanley, Nature 376, 46 (1995); Y. Liu, P. Cizeau)
Levy walks M. Meyer, C.-K. Peng and H. E. Stanley, Physica A 245, 437 (1997).]
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ﬁce fluctuations

Lévy walks M. Meyer, C.-K. Peng and H. o |
700 -
- - 102
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- [R. N. Mantegna and H. E. ¢
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Detrended flucltuatiqn analysis
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Scaling [s. Galluccio, G. Caldarelli, M. Marsili and Y. -C. Zhang, Physica A 245, 423 (1997).]

F(x,1)

10°
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D |

Scaling [s. Galluccio, G. Caldarelli, M. Marsili and Y. -C. Zhang, Physica A 245, 423 (1997).]
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Self-organized critical models
“Directed sandpile”, P. Bak et al.

yJompu Ajddns

Exactly soluble: avalanche = pair of annihilating random walkers
Distribution of durations: P(At) ~ (At)~3/2.

Cont-Bouchaud herding model: mean-field percolation

Distribution of cluster sizes: P(s) ~ s5/2
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™

Z mOdel [Caldarelli G., Marsili M., Zhang Y.C., Europhys. Lett. 40, 479 (1997).]

1000.0
P | ] 10°* :
2000 I [ (0 G—>© Numerical data
©0 ——==- Fitwith slope ~ ~0.62
10° ]
00 ‘ ‘ ‘ ‘ ‘ W : ‘ A
2000 7000 t x 1000 12000
200.0 ; . ;
P ’ 10" ¢ ]
100.0 _
105 10" 10° 10° . 10"
0.0 : : :
8000 8500 t x 1000 9000
Price history, 1000 agents. Probability of return to the

original price, H = 0.62.

o |
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Z model

o
107 - o—o 1=4 I
o 1=16
E =64
10° |- s 1=256 ]
1=1024
F(x,1) 1=4096
10" [ n
100 F n
10° & ‘ ]
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10° [ .
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v

Price changes and scaling.

150.0

0.0

[Caldarelli G., Marsili M., Zhang Y.C., Europhys. Lett. 40, 479 (1997).]
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Wealth distribution (Zipf plot), exponent 1.2.

|

Econophysics: statistical physics of interacting agents 20.& 27.11.2003 — p.10/3¢



1
10
p‘market:l'4
i 0 BRCM July 3, 2000
10° % +CSCO, June 30, 2000 .
= i § 0, X JDSU, July 11, 2000 ]
A i %ED% + JDSU, July 5, 2000
o X 0 JDSU, July 6, 2000
S 10" E
e
(]
S
@
= -2
€ 10 E
S
QO
o
[a
10° <
L O
- *
104 i AN\ e
10° 10° 10° 10° 10
X (shares per trade)
10°
y~1/x2
10" * level 4 bid |
™NE # level 3 bid
i 5 olevel 2 bid |
10° O level 1 bid 4
: Olevel 4 ask ]
a0 A level 3 ask
. 10 d <Jlevel 2ask 7
K ¥ = v level 1 ask
o
107 L 1
Vv O
DVVOD
107 g 3
4 @%@j - d:‘
107 1
oA 5, O
e 3
10’5 . L] . L] . L
100 1000 10000 10000(

limit order size

4_@ Distribution of volumes

v

Order book statistics

10

AN
o N\

o QQQ
A SPY

\\ 0 MSFT
\ — Power-law, p=1

10 100

Mh,

1000 10000

Distribution of distances from current price

Econophysics: statistical physics of interacting agents 20.& 27.11.2003 — p.11/3¢



2|

Stock market: Maslov model [s. Maslov, Physica A 278, 571 (2000)] T
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Price history, power spectrum (H = 1/4). Price changes. Exponents 0.6 and 3 in the inset.
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Waslov model: mean-filed solution [Fs., Phys. Rev. E 64, 056136 (2001) ] T

p(X)

current price

buy sal| X

o |
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|

Maslov model: mean-filed solution [Fs., Phys. Rev. E 64, 056136 (2001) ] T

p(X)

current price

buy sal| X

Mean-field approx.:
homogeneous upper p., lower p_; order volume s.
potential price changes: x+ = s/py, z_ = s/p_

vector X = ( ot ) performs

€T _—_
a random matrix multiplicative process.

o |

|
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1 0
buy order
1 1
/ 1 1
X — X — TX T = { 0 1 sell order
1 0
=(3—1/p) limit order
| 0 1

o |
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1 0

) buy order
X — X/ — TX T = /¢ ; 1 sell order

1 0
=(3—1/p) ( ) limit order
\ 0 1

Probability distribution of price changes (after m limit and one
market order):

P(f):Z(l—p)pm /dx’P(x’)5<x§x/< 219) >

0
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buy order

XHX/:TX T =«

sell order

1 0
=(3—1/p) ( ) limit order
\ 0 1

Probability distribution of price changes (after m limit and one
market order):

P(x):Z(l—p)pm /da:’P(ﬂ)g(ajgx/( 219) )

m=0

S =B =
_ = = O

: i : o p—l—a.| 3 1\™\¢
assuming power-law tail P(x) ~ o= 1% | & (g ( p> ) .
0

m=

non-trivial solution: o = 1
ol

v
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W@I’&Ctiﬂg gaps model [Lev Muchnik, F.S., and Sorin Solomon, Physica A 330, 232 (ZOOﬁ

| 1 I N |

o |
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W@I’&Ctiﬂg gaps model [Lev Muchnik, F.S., and Sorin Solomon, Physica A 330, 232 (ZOOﬁ

AN I B N T

n, n, ...

“collision” of a palir of intervals (n;,n;):

o |
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Interacting gaps model [Lev Muchnik, F.S., and Sorin Solomon, Physica A 330, 232 (2003).]

AN I B N T

n, n, ...

“collision” of a palir of intervals (n;,n;):

1. a collapse with probability p:

nz-(t + 1) = nz(t) + Nj(t) — 1
nj(t + 1) =1

o |
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Interacting gaps model [Lev Muchnik, F.S., and Sorin Solomon, Physica A 330, 232 (2003).]

AN I B N T

n, n, ...

“collision” of a palir of intervals (n;,n;):

1. a collapse with probability p:

nz-(t + 1) = nz(t) + nj(t) — 1
nj(t + 1) =1

2. a reaction with probability 1 — p

nz-(t + 1) = nz(t) — 1
nj(t+ 1) = nj(t) + 1
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W@I’&Ctiﬂg gaps model [Lev Muchnik, F.S., and Sorin Solomon, Physica A 330, 232 (ZOOﬁ

AN I B N T

n, n, ...

“collision” of a palir of intervals (n;,n;):

1. a collapse with probabillity p: .
ni(t T 1) — nz(t) + nj(t) — 1 001}
=
nj(t+1) =1 S
2. a reaction with probability 1 — p 104
Uz (t + 1) = Ny (t) —1 10 1 1Io 1(I)0 1(I)3 10
nj(t+1):nj(t)—|—1 n
L P> (n)~n~% a=23/2 J
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Empirical wealth distribution M. Levy, S. Solomon Physica A 242, 90 (1997)]

N

100 - o

e
Lo
e

/

percentage of population with wealth exceeding w

o

1000
w {thousands of Crowns)

100

Pareto distribution P(w) ~ w1 a~ 1.4
S

|
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Enpirical wealth distribution [m. Levy, s. Solomon Physica A 242, 90 (1997)] T

United States, IRS data for 1997

100 7=y 100% ¢

. |

Boltzmann—-Gibbs

3
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e
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I

Cumulative percent of returns
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- 0 2|O 4IO 6|O 8IO 100
AGI, k$
0.1% e e
1 10 100 1000
Adjusted Gross Income, k$
0} Exponential distribution at low incomes
| i _.| Pareto at high iIncomes (v.m. Yakovenko et al.)
w {thousands of Crowns)
Pareto distribution P(w) ~ w1 a~ 1.4
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Wealth distribution: inelastic gas |[Fs. at WEHIA2002; submitted to Phys. Rev. E]

The Sun

N
O\

N *v
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Wealth distribution: inelastic gas |[Fs. at WEHIA2002; submitted to Phys. Rev. E]

The Sun

O~ SN~

.v_
o | v; [ 14+e=0p § Uj
\/i v 6 14 ¢ — ﬁ Vj
D Granular gas analogy

o
Y

Agents=grains; wealth v;

Economic interaction= inelastic scattering
£ measures intensity of exchange

e measures average profit

v
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Wealth distribution: inelastic gas [Fs. at WEHIA2002; submitted to Phys. Rev. E]—‘
The Sun

o,
i /
\/i v 6 14 ¢ — ﬁ Vj
D Granular gas analogy
Agents=grains; wealth v;
Economic interaction= inelastic scattering
£ measures intensity of exchange
[ _
VJ- ®

<

e measures average profit

\/_’
j
Probabillity density governed by a Boltzmann-like equation
0P (v) _

E [ P(v1)P(v9) 6((1 — B+ ¢&)vy + Bug — v)dvrdus B
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Average wealth grows exponentially:

\

o(t) = 9(0) et

Scaling solution:  P(v,t) = - &




Eerage wealth grows exponentially: v(t) = v(0) e T
Scaling solution:  P(v,t) = 55 2(575)

Laplace transform: ®(z) = [° ®(w) e % dw

exd(z) + O(z) = <I>((1 — ﬁ +e)x) O(fr)

...non-local differential equation

o |
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Eerage wealth grows exponentially: v(t) = v(0) e T

Scaling solution:  P(v,1) = (5 ®(5()

cxd (x) + O(x) = O((1 — B +e)x) (S
...non-local differential equation

Power-law tail = Looking for solution in the form
Sx)=1—z+Az*+ ... where o € (1,2)

;»CID(w) ~ w_&_l for w — oo.

o |
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Eerage wealth grows exponentially: v(t) = v(0) e T

Scaling solution:  P(v,1) = (5 ®(5()

cxd (x) + O(x) = O((1 — B +e)x) (S

...non-local differential equation

Power-law tail = Looking for solution in the form
Sx)=1—z+Az*+ ... where o € (1,2)

:>q)(w> ~ w_&_l for w — oo.

L,
v




0.06
1
0.05
0.04
E‘: 0.03
% 0.02
Sy
0.01
0
-0.01
0.5 .
o €
Solution in the range o € (1, 2) exists within the
Solution of the equation for ¢ = 0.1 and g = shaded region. line correspondsto o = 1,
0.0025 (red) and 8 = 0.004 (blue). blue line corresponds to o« = 2 and red line to the
solution o = 2.

o |

|
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Enit of continuous trading: 8 — 0, ¢ — 0, « fixed: T

st o ()"

__ 3.
Fora_g.

1 —3VBH1T5-20 8415 B4 85 —4 5°+v/3/ (3-2 vB)B (2 vB+1)’ (VA-1)°
K VB3B8 57 p?

12 1.3, 1.4 7.5, 113.6
0= 7€ — 156 + 1€ — 1€ T 399€ T -

o |

o
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Enit of continuous trading: 8 — 0, ¢ — 0, « fixed:

g_a-l2_(@-DBasl) g 1(a1) 20

S —1rd () + o (CTD’(:L') + @(x)) = ()




Enit of continuous trading: 8 — 0, ¢ — 0, « fixed:

g=ot2 leDlocl) 3 1 (e ) 20

:,—%xq%”(x) | 0‘51 (Cﬁ’(x) — CiD(az)) — ()

Solution with correct asymptotics ®(z) — 0 for z — +oo is
expressed through modified Bessel function

O(z) = C' 2 K, (2o — 1/T)
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Enit of continuous trading: 8 — 0, ¢ — 0, « fixed:

ol (@@l 5y 1 (a-1yd 20y

i—%xﬁﬁ”(x) | 0‘51 (Cﬁ’(x) — C13(23)) — ()

Solution with correct asymptotics ®(z) — 0 for z — +oo is
expressed through modified Bessel function

O(z) = C' 2 K, (2o — 1/T)

Inverting Laplace transform:

D(w) = C o Lexp(— 2D

W

o

o

v
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Enit of continuous trading: 8 — 0, ¢ — 0, « fixed:

g_a-l2_(@-DBasl) g 1(a1) 20

i—%xﬁﬁ”(x) | 0‘51 (Cﬁ’(x) — C13(23)) — ()

Solution with correct asymptotics ®(z) — 0 for z — +oo is
expressed through modified Bessel function

O(z) = C' 2 K, (2o — 1/T)

Inverting Laplace transform:

D(w) = C o Lexp(— 2D

W
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@stematic corrections: Expansion in ¢ T

0.1 F

0.001 F ;

0.0001 L A Y
0.1 1 10

w

Wealth distribution for e — 0 (full line), e = 0.03 (dashed line), e = 0.1
(dash-dotted line), and € = 0.3 (dotted line).
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Imitation and herding

: statistical physics of interacting agents 20.& 27.11.2003 — p.23/3¢
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[L. Laloux, P. Cizeau, J.-P. Bouchaud, and M. Potters, Phys. Rev. Lett.,
Random matrices 83, 1467 (1999); V. Plerou, P. Gopikrishnan, B. Rosenow, L. A. N. Amaral,
and H. E. Stanley, Phys. Rev. Lett. 83, 1471 (1999).]

| (@)30—min returns 1994-95 | largest
1.0 :_ Prm()\) 0.2 _ )\1000 _ ]
I 0.1 - N
~ : i (|
< 05 | - 0.0 : -
T f 0 20 406460 4 Industrial sectors
iati RMT -
= deviations from | can be attributed
8 OO \I‘II'II]IIIII]_I]_II_I]_ILI]]LII]]IIIIII 100nnn | | | .
3 \ ——— » 1 to each eigen-
= :(b) Control: uncorrelated time series 1 value faIIing off
5 10¢ () | the RMT spec-
g i | trum.
0 05 -
0.0 ‘ ‘ ‘ ‘
0.0 1.0 2.0 3.0 4.0 5.0

N

Eigenvalue A J
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ock correlations [G. Bonanno, F. Lillo, R. N. Mantegna, Quantitative Finance 1, 96 (2001).]
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Fmitation dilemma

No imitation:

L fair game.
=

|
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Fmitation dilemma T

®
No imitation: Imitation provides
L fair game. comparative advantage. J
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Wtation dilemma T

@
P

e

o

P

@

L

No imitation: Imitation provides  Too much imitation
L fair game. comparative advantage. Is dangerous. J
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[W. B. Arthur Amer. Econ. Review 84,406 (1994).

Minority Game: D. Challet and Y.-C. Zhang, Physica A 246, 407 (1997).]

El Farol bar attendance problem:
go to bar (B) or stay at home (A)? N

4—@—» Econophysics: statistical physics of interacting agents 20.& 27.11.2003 — p.27/3¢


http://www.elfarolsf.com/index.html

: : [W. B. Arthur Amer. Econ. Review 84,406 (1994).
Minority Game: |
D. Challet and Y.-C. Zhang, Physica A 246, 407 (1997).]
El Farol bar attendance problem: go to bar (B) or stay at home (A)?
Abstract formulation:

N players
S strategies,
memory length M.

? Strategy with highest
score is chosen.

..AABABAABBABABBBAABAABBBAABBBABABA
winning group memaory
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: : [W. B. Arthur Amer. Econ. Review 84,406 (1994).
Minority Game: |
D. Challet and Y.-C. Zhang, Physica A 246, 407 (1997).]
El Farol bar attendance problem: go to bar (B) or stay at home (A)?

Abstract formulation:

N players
S strategies,
memory length M.

? Strategy with highest
score is chosen.
..AABABAABBABABBBAABAABBBAABBBABABA
winning group memory
Features: On-line adaptation. No optimal strategy possible.

|
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Formalization:
Attendance: A(t) = > . a;(t)
Strategies’ scores: U; s(t +1) = U, s(t) — a”( ) signA(t)

Action: a; (t) = a“’(t) (D) where U SM(t) (t) = maxs Uj s(t)

Measure of ineffectivity: o2 = & S0, _, . A%(¢)
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Formalization:
Attendance: A(t) = > . a;(t)
Strategies’ scores: U; s(t +1) = U, s(t) — ag‘y(st) signA(t)

Action: a;(t) = ai(t];( 1)’ where U SM(t) (t) = maxs Uj s(t)

Measure of ineffectivity: o> = >, _, -

Slmulatlons

15

Top: 02/N versus a = 2M /N

with M = 5,6 and 7.
Optimal value of the parameter
o= 2M/N exISts (a. ~ 0.34)

=

A%(t)

|
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Formalization:

Attendance: A(t) = > . a;(t)

Strategies’ scores: U; s(t +1) = U, s(t) — ag‘(st) signA(t)

Action: a;(t) = k) where U SM(t) (t) = maxs Uj s(t)

Jrsn(t)’

Measure of ineffectivity: o> = >, _, -

Slmulatlons

15

Top: 02/N versus a = 2M /N

with M = 5,6 and 7.
Optimal value of the parameter
o= 2M/N exISts (a. ~ 0.34)

=

A%(t)

Analytical solution:

Replica method

o’IN

15
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Social organization [F s., Physica A 286, 367 (2000); Physica A 299, 334 (2001).]
Agents on social network imitate more successfull neighbors with
probability D (and pay for it)

® @) @) @ ® @) @) ® @
Agents are placed on linear chain. Imitation may occur along the linl

® Leaders
O Imitators
O Potential imitators

—— Information flow
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|;Cial organization [F s., Physica A 286, 367 (2000); Physica A 299, 334 (2001) ] T
Agents on social network imitate more successfull neighbors with
probability D (and pay for it)

® @) @) @ ® @) @) ® @
Agents are placed on linear chain. Imitation may occur along the linl

1 L L L L LY L L L
0.8 e -
eI o L eaders
Z 0.6 _
~ .
< 04 _ O Imitators
0.2 - ® Potential imitators
0 L 1 yauul L 1 v uul L 1 yauul I EETIT .
1 10 100 1000 10000 ——~ Information flow
¢

Time dependence of imitation. p = 0.99 (full line)

0.95 (dashed), 0.8 (dash-dotted)
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o2 /N

3 T I I I I I
0] O 0
i 0 _
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O
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y X
X
X $x
0.5 |- X W X7
XXX X XXX
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P

Effectivity optimized vs. imi-
tation N = 1001, M = 5 (®),
6 (+), 7 (x).

o

v
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Eociophysics
Thousands of Czechs in central Prague shout down their communist
mhr?lnﬂuandm_WWd1m _

-

l..i'l.‘

ophysics: statistical physics of interacting agents 20.& 27.11.2003 — p.32/3¢



Bpinion spreading: Sznajd model
N agents on a social network

telstra.net %Z;/?é
1

Phys. C 11, 1157 (2000).]

! Fa

-
=
- y
—.ﬂi‘p‘ e

e

cw.net

sprintlink.net
; © - (notanISP)
A~

e .
s ;K globalcenter.net
-
1 >

\

att.net

_ BT A
verio.net pSi-n:t\

ft.net

bbnplanet.net

alter.net

BurchfCheswick map of the Intemet — e é\ * i http:ffwrarer.ct ick.com/map/findex html
showing the major I5Ps. Data collected 28 June 1939 A \' eu.net Copyright (C) 1999, Lucent Technologies

[K. Sznajd-Weron and J. Sznajd, Int. J. Mod. \

|
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. : . K. Sznajd-Weron and J. Sznajd, Int. J. Mod.
Opinion spreading: Sznajd model | J J

Phys. C 11, 1157 (2000).]
N agents on a social network

Opinions ¢; € {1, —1}. The state of the system X = [0, 09, ..., oN].
performs a discrete-time Markov process.

|. original model: two against one

I I y I I I
| I 7 I I

A\
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. : . K. Sznajd-Weron and J. Sznajd, Int. J. Mod.
Opinion spreading: Sznajd model | J J

Phys. C 11, 1157 (2000).]
N agents on a social network

Opinions ¢; € {1, —1}. The state of the system X = [0, 09, ..., oN].
performs a discrete-time Markov process.

|. original model: two against one
| I y I I I
I

\
| I 4 I I | 4

ll. Ochrombel simplification: one against one (Voter model)

| N I y |
7 y A
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[K. Sznajd-Weron and J. Sznajd, Int. J. Mod.

Opinion spreading: Sznajd model
Phys. C 11, 1157 (2000).]

N agents on a social network

Opinions ¢; € {1, —1}. The state of the system X = [0, 09, ..., oN].
performs a discrete-time Markov process.

|. original model: two against one

I I y \
| I 7 I I I 4

ll. Ochrombel simplification: one against one (Voter model)

| N I y |
7 y A

Two absorbing states: uniform £, = {1} and ©_ = {-1}¥.
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[K. Sznajd-Weron and J. Sznajd, Int. J. Mod.

Opinion spreading: Sznajd model
Phys. C 11, 1157 (2000).]

N agents on a social network

Opinions ¢; € {1, —1}. The state of the system X = [0, 09, ..., oN].
performs a discrete-time Markov process.

|. original model: two against one

I I y \
| I 7 I I I 4

ll. Ochrombel simplification: one against one (Voter model)

| N I y |
7 y A

Two absorbing states: uniform £, = {1} and ©_ = {-1}¥.

P, (p) probability of hitting > for initial condition p = N /N:
l. transition: Py (p) = 0(p —1/2) Il. no transition P, (p) = p

B B
1] — 1]

[ [ [
0 0.5 1 P 0 0.5 1 P
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Solution of Sznajd model [Fs. and H. Lavitka, Eur. Phys. J. B 35, 279 (2003).]
Approximation: complete graph (“mean-field”)

State fully described
/ A by “magnetization”,
_ N,—N_
m=—-—xN

N
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Solution of Sznajd model [Fs. and H. Lavitka, Eur. Phys. J. B 35, 279 (2003).]
Approximation: complete graph (“mean-field”)

State fully described by “magnetisation”, m = Y+
Fokker-Planck equation:

. %Pm(m, T) = _8% [(1 —m?)m Py, (m, 7_)]
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Solution of Sznajd model [Fs. and H. Lavitka, Eur. Phys. J. B 35, 279 (2003).]
Approximation: complete graph (“mean-field”)

State fully described by “magnetisation”, m = Y+
Fokker-Planck equation:

. @P n(m, T) = —azi [(1 — m*)m Pm(m,T)]
. 3P n(m, 7) = 25 [(1 = m?) Py(m,7)]
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Solution of Sznajd model [Fs. and H. Lavitka, Eur. Phys. J. B 35, 279 (2003).]
Approximation: complete graph (“mean-field”)

State fully described by “magnetisation”, m = Y+
Fokker-Planck equation:

. @P n(m, T) = —azi [(1 — m*)m Pm(m,T)]
. 3P n(m, 7) = 25 [(1 = m?) Py(m,7)]

Solution:
. P(z,7) = [(1 —2?)z]! fleT7 -&=)

1—x2
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Solution of Sznajd model [Fs. and H. Lavitka, Eur. Phys. J. B 35, 279 (2003).]
Approximation: complete graph (“mean-field”)

N,.—N_

State fully described by “magnetisation”, m = ~—

Fokker-Planck equation:
. @P n(m, T) = —ai [(1 — m*)m Pm(m,T)]
1. @P (m, ) = 25 [(1—m?) Py(m, 7)]

I ¢ D)
Solution: 0 2 1
. P(z,7) = [(1 —2?)a] ! f(e ™ =) 1 6
v 2 12 1— 52?2
Il. Gegenbauer polynomials: 3 20 wz- gad
4 30 1-—14z% + 2124

P(z,7) =) . Ace™ O ()
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Eﬁections T

Stable patterns of election results:
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Eﬁections T

Stable patterns of election results:

0|
g 1l 5
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o o
2 o1l 2
0.01:
i []
D.
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L Distribution of votes: V) X T J
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Sznajd model for elections
Choice from ¢ parties: Potts variables o; € {1,2, ..., ¢}

Distribution of votes: D(n) = 2 >1_, 4 (n — n,) e = L3, 801 — 0)
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Sznajd model for elections

Choice from ¢ parties: Potts variables o; € {1,2, ..., ¢}

Distribution of votes: D(n) = 2 >1_, 4 (n — n,) e = L3, 801 — 0)

Neglect fluctuations: D(n) — P,(n) = (D(n))

Fokker-Planck equation: z=2n—1

2P, (z,7) = L5 [(1 — 2) Py(x,7)]
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Sznajd model for elections

Choice from ¢ parties: Potts variables o; € {1,2, ..., ¢}

Distribution of votes: D(n) = 2 >1_, 4 (n — n,) e = L3, 801 — 0)

Neglect fluctuations: D(n) — P,(n) = (D(n))

Fokker-Planck equation: z=2n—1
2
%Pn(x, T) = % [(1 — %) Py(x, T)]

Open system:
Non-normalizable stationary solutions:

- 1
b= = DPy(n)>~-
...as In Brazil or Czech Repubilic...

...let us tune election system now!
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Conclusions I: what we learned?

e Microscopic models explain power-laws
e New domain-growth mechanisms

Conclusions II: what is Physics good for?

e Transfer of know-how
e Provide human and machine calculation capacities

Conclusions lll: what I1Is Economics
good for?

e New ideas, new Hamiltonians
e Access to funding

® Supported by GACR (202/01/1091). Thanks to colllaborators: Y.-C. Zhang, A. Capocci, P. Laureti,

Y.-K. Yu, M. Kotrla, J. Steiner, S. Solomon, L. Muchnik, M. Marsili, F. Vega-Redondo, H. Lavicka
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Analytical solution:
e Irrelevance of memory: one of P randomly chosen states
(P =2") labelled by an integer = 1,...,P. s= 355" e

o Strategies af , = w!' + &', s € {—1,1}, my

= (si)

e Hamiltonian: H = O2+23" Q&m;+Y_,. &imim;

® Replica method [D. Challet, M. Marsili, and R. Zecchina, Phys. Rev. Lett. 84, 1824 (2000).]

o’IN

Go bhack
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