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Apie kg siandien snekésime...

COMPUTATIONAL PHYSICS
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We discuss several multi-agent models that have their origin in the kinetic exchange theory of
statistical mechanics and have been recently applied to a variety of problems in the social sciences.
This class of models can be easily adapted for simulations in areas other than physics, such as the

modeling of income and wealth distributions in economics and opinion dynamics in sociology.
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Kinetiniy modeliy vieta fizikoje

XIX a. antroje puséje butent kinetiniai modeliai leido suformuluoti
empirinj termodinamikos désniy suvokima ir padéjo pagrinda
statistinei mechanikai.

Siuolaikiniame kontekste labai jdomu tai, kad Maksvelo ir Bolemano
darbams pagrinda padéjo demografiniy duomeny analizé.

Bolcmanas, formuluodamas statistinés mechanikos pagrindus, rasé
“Molekulés itin primena individus - jos juda paciomis jvairiausiomis
trajektorijomis”.

¢

P. Ball. The physical modelling of society: A historical perspective. Physica A 314, psl. 1-14, 2002.
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Siuolaikinis agenty modeliavimas

Vienas pagrindiniy akcenty -
“ivairiarusiy” (angl.
heterogeneous) agentuy

modeliavimas. o=
ideal model

Kinetiniai modeliai:

@ savo esme yra paprasti ir
skaitmeniskai nesudétingai
realizuojami ir
sprendziami,

realism

o bet gali atkurti jdomias
statistines savybes.

M. Cristelli and others. Critical Overview of Agent-Based Models for Economics. Proc. Sch. Phys. “E.

Fermi”, CLXXVI, psl. 235 - 282, 2012.
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Turto skirstiniy modeliavimas - kame problema?
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United Kingdom, IR data for 1996
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Elementariausias modelis

Tarkime, kad turime N molekuliy sudaranciy dujas, kurios tarpusavyje
nesaveikauja, o ju kinetinés energijos yra lygios w;(t).

e at81t1kt1na1 pasirenkame dVl Energijos, w, histograma (=162k)
daleles 7 ir j, ’ s

@ jvertiname mainy mastg, Aw;;,
@ atnaujiname daleliy kinetines fio
energijas:
wi(t + 1) = wi(t) — Awij, .
wj(t + 1) = wj(t) + Awij7 H
wi(t +1) = wi(t) (vk #1,5).

Atsitiktinio “padalinimo” modelis: Aw;; = (1 — e)w;(t) — ew;(t).
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Analizinis elementaraus modelio sprendimas

Pagal (Calbet et al., Phys Rev E, 036108, 2011)

O (u) = [00f (us) + Ouf (i) + O f (ug) + Op f (uf)]

P
Uiyl U U=

Dél to, kad agentai su w; ir u; yra pasirenkami ir pakeis savo buseng:

O f (i) ~ —f(ui).

Taip pat zinome, kad u} € [0, u; + u; ],

O f(u / dU/ dus f (i) £ (U — ;).

[e'¢) U
NOLF(u) = 0 = —2fo(u) + 2/ %/g dus fo (i) fo(U — us).
Relaksacija: NO.f(u) ~ —=2f(u) +2fo(u), = 7=N/2.
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Modelio papildymas taupymu

Realiose rinkose agentai gali nenoréti “losti” i$ viso savo turto. Jie gali
turéti polinkj taupyti, x:

Energijos, w, histograma (t=274k)

= modelis

Awyy = (1= W1 = Jwi(t) —cwy (D).
Tokiu atveju skirstinys: :
p(w) ~ w" ™t exp(—nw),
_ 3
kur n =1+ 2.

O dujose turime skirtingus energetiniy lygmeny tankius:

gi=3(w) ~ Vw, gg—g = const, gi—1~1/yVw = n=d/2.
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Analizinis modelio su taupymu sprendimas

Pagal (Lallouache, Msc 2, Ecole Centrale Paris, 2010)

Reikia arba skaitmeniskai arba ieskoti atskiry skirstinio momenty:

(X™) = (M X1 +e(1 = M) (X1 + Xo)]™).

Perrasom:
my = (m) S (’“) (X (X)
Py k k+1 \p ’
24N 3(2+A)
(K%)= fgy = e (X0 = G550 = ),
(Xt £ (@), |1- % <1073, VA €[0,1].
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Nepavykes bandymas apibendrinti d-matj modelj I

Tai kas atrodo gerai - pamastymai apie greicius

Pasinaudoje judesio kiekio tverme:
T =1 + AT, T = v — AT.
Pasinaudojame energijos tverme:
12 22 2 2 A—Q - — AT —
v v =] vy, = U7 + (U — ) - AT =0,

v - AT
Av = rév)vg — r}v)vl, ) = cos a; = — .
v; Av

Atlike algebrine ekvilibristika (Chakraborti ir Patriarca, 2008)

gauname:
< [n(”)] 2> ~ cll
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Nepavykes bandymas apibendrinti d-matj modelj II

Kas negerai - nekorektiskas peréjimas prie energijos
(w) (w) (W) _ [,m]° 2
Awgy =1y "wy — 1y "wy, 1 =1, = CO8 .

2
STopr! IS tiesy rgw) # [rz@)] D w; =2 /2,

7 = (1 - rlv)> ¥+ rév)ﬁg, wy = (1 — rlw)) w1 + rgw)wz,

()2 = (1 - rgv)>2 7+ [rév)r 7+ 2 (1 - r@) rév) (T - 1) =

2
=2 [(1 — r§w)) w1 + réw)wg + (1 — \/7{“’)> rgw)(ﬁl -172)] =

=2 [(1 —riw)) w1 —i—réw)wg +} # 2w

Idomu tai, kad modelis neveikia ir skai¢iuojant per greicius.
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Stalitino darbas - Bozé-Einsteino kondensacija

(Nonlinear Analysis: Modelling and Control 10, p. 247-256, 2005)
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Apibendrintas Lallouache et al. nuomoniy modelis

/ /
Wi = KW; + pe1wy, W; = KWj + peaw,

kur wy, vertes kartais reikia pataisyti, kad nepabégty is [—1, 1].

Nuomoniy, w, histograma (1=0)

Modelis turéty poliarizuotis, kai £ > 1 — p/2.
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Daugelio daleliy saveika

Pagal (Gallam, Int J Mod Phys C 19, p. 409-440, 2008)

Modeliukas pagal (MP ir AC, AJP 81, 2013).

N. LANCHIER AND N. TAYLOR

- el

- vl

FIGURE 1. Schematic illustration of the bottome-up hierarchical system with s = 3 and N = 3. Black dots represent
individuals supporting opinion +1 and white dots individuals supporting opinion —1

GALAM'S BOTTOM-UP HIERARCHICAL SYSTEM AND PUBLIC DEBATE MODEL REVISITED
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FIGURE 2. Que time step in the non-spatial public debate model with & = 4 and N = 25. Black dots represent
individuals supporting opinion 41 and white dots individuals supporting opinion =1.
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Kitos galimos “vienarusés” modelio versijos

o Kitokios saveikos taisyklés: fiksuotos vertés mainai Aw;; = wo,
minimumo mainai Aw;; = min(w;, w;).
o Saveiky apmokestinimas - “socializmas”.
o [siskolinimai:
o galima pasiskolinti iki wy,q., dalelé yra “skoloje” ir tiek,
o galima pasiskolinti iki w4z, bet skola padengia likusios dalelés -
“kapitalizmas”.
o Fiksuotos santaupos - dalelés visada pasilieka bent wq energijos.

.-\. .\.

I II lnl I

SOCIALISM CAPITALISM
ECONOMICS

Pick your poison
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[vairiarusis taupymo modelis

Juk ne visi agentai privalo buti vienodi:

Awiy = (1—£)(1 = kiJw(t) — (1 = K;)ewy (0),

kur ¢ € (0,1) yra atsitiktinis dydis generuojamas kiekvienos naujos
saveikos metu, o ki € (0,1) yra modeliavimo pradzioje atsitiktinai
pasirenkamas agento k-tojo “taupumas”.

Energijos, w, histograma (t=222k)

= modelis

-l
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Kodél pavyko gauti laipsninj skirstinj?

Kiekvieno agento turto skirstinys yra B-G tipo, bet jei skirtingi agentai
turi skirtingus ;, tai kolektyvinis skirstinys gali buti ir laipsninis:

N
3K, 3/{-11 Y
zl-miexp|—|1+—)z| ~x
1—l€i

i=1

107
Z 102
< 10
10°
107
10°
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Fig. 3. (Color online) Wealth distribution f{w) for uniformly distributed x; (or Z;) in the interval (0,1); fw) is decomposed into partial distributions f;(w), where
each f;(w) is obtained by counting the statistics of those agents with parameter /; in a specific sub-interval (from Ref. 36). The left panel shows the decomposi-
tion of f{w) into ten partial distributions in the A-subintervals (0, 0.1), (0.1, 0.2)..., (0.9, 1). The right panel decomposes the final partial distribution in the 7-

interval (0.9, 1) into partial distributions obtained by counting the statistics of agents with j-subintervals (0.9, 0.91), (0.91, 0.92},..., (0.99, 1). Note how the
power law appears as a consequence of the superposition of the partial distributions.
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Sklandaus peréjimo is B-G | laipsninj skirstinj gavimas

Ne visi agentai turi buti skirtingi! Tarkim 99% agenty turi fiksuota
K = Ko, 0 likes 1% gali turéti atsitiktines xj vertes.

Energijos, w, histograma (t=1760k)
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Ve — . .
Acdiu uz démes;j
Medziaga padéta: http://spektras.itpa.lt/~alius/seminaras131115/

Bus tekstukas ar du ir Rizikos fizikoje
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