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local field concept, magnetization related to the log-price returns, local fitness and minority game
concept, slow adaptivity to the prototype subleader, slow dynamics of the network reconnections,
extremal selective dynamics)

e Numerical analysis meta-optimized parameters, statistics - scaling of price returns, identifica-
tion of the basic time scale, network of the distibuted (sub)leaders, statistics of the fitness and
node degrees, clustering coefficient
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@&. The general concept of agent-based and multi-
agent models, distributed inteligence

Applications: robotics, nanoscience, social and evolutionary computing, biology, medicine (cancer models),
economy (price formation, organization structures and virtual trading)

Definition (/BM): Intelligent agents are software entities that carry out some set of operations on behalf
of a user or another program with some degree of independence or autonomy, and in so doing, employ
some knowledge or representation of the user’s goals or desires.

Properties of inteligent agent (Wooldridge, 1995, 2002)

Autonomy - without direct (instant) access or plan of programmer

Social ability - interactions with neighbours

Reactivity to environment

Pro-activeness (Proactive behavior involves acting in advance of a future situation, rather than just react-

ing). The property is called as well Anticipation (ACS)).
Where is the difference between agent and multi-agent system (MAS)?



Example: design of market architecture by means of multi-agent system

Definition: A market is one of many varieties of systems, institutions, procedures, social relations and infrastruc-

tures whereby parties engage in exchange. While parties may exchange goods and services by barter, most markets

rely on sellers offering their goods or services (including labor) in exchange for money from buyers. It can be said

that a market is the process in which the prices of goods and services are established.
http://www.visuwords.com/
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Environment : market institution
Population of agents: { A(1),A(2), ... B(1),B(2), ... C(1),C(2), ...D(1),D(2), ...}
Agents: Agent type A : seller : attribute: offer(s), rivalry effort,
distribution channel(s),
owned money, owned good

Agent type B : buyer : attribute: order(s) ,owned money, owned good
Agent type C employer : attribute: work offer, owned money
Agent type D : employee : attribute: duty, owned money

Links- connections among mediators (may be percieved as agents as well):

link type a : money flow ; attribute: currency

link type b : good flow ; attribute: intensity = amount per time unit
price and price elasticity, quality

link type c : debt flow ; attribute: intensity, currency

link type d : labor flow ; attribute: intensity, quality

link type e : service flow ; attribute: quality

Examples of interaction processes (so called algo-chemistry of agents):

A(i), B(j) interaction event (contract) mediated by a(money flow), b(good flow)

[A(1), B(j); under (a,b)] |--- reaction ----- > A’(1), B’ (J)
C(i), D(j) interaction event (contract) mediated by a(money flow), d(labour flow)
[C(1), D(j); under(a,b)] | -—- reaction --——- > C’(k), D’(1)



Example: Agent-based model of the collaborative knowledge building.

The knowledge of ith agent is represented stored by tuple including certain types of properly quantified (nor-
malized) knowledge (e.g. different categories, skills) (W;1, Wia, ..., Wiy,).

Update of i-th agent knowledge is realized by the opening of three probabilistic (by Monte-Carlo) channels:

)

(1) With probability ppair We open pair-wise social contact. The learning process is described by the rule

Wik <= Wik (1 = ngi5),6) + Wikn(ij k- (1)

Here the social network is defined by means of plasticity 7;;)x, which mediates the knowledge (kth category)
transfer from the knowledge provider j to the knowledge receiver i.

(2) With probability peomp the ith agent learns the overall (global) instant knowledge hold by the company (e.g.
local wiki pages)

Al Al 1 "
Wik + Win(1 —ng) +ng (» > Rstqu) : (2)
s=1,s#k

where 7),? € (0,1) learning plasticity of kth category attained within the company, where Ry, R, are the local
ratings of the category (information), or relevance, veracity of the source - experience of the worker, respectively.

(3) With probability 1 — ppair — Peomp > 0 the agent learns from the environment by the rule

Wi + Wi(1 — ) + np Wi, (3)

where 77,};3 € (0,1) is the learning plasticity of the kth category attained by the interaction with the environment
represented by Internet.



@ Agent based approach and econophysics

www.unifr.ch/econophysics/

e Analysis of the standard models of that are minimalist in the
parametrizations but reach in the properties and description of reality:

(a) bottom-up construction and principles;

(b) specification of small-scale (atoms, spins, molecules,
Sk
(c) definition of between entities from (b);

(d) consequences,, predictions (i.e. calculation) of large-scale, long-
time statistics [focus on emergence and unexpected phases; of special relevance
are some critical points];

e ) ) 0N ) { }



Emergence: appearence of a new quality or feature - basin of attraction,
attractor

Emergence: the way complex systems and patterns arise out of a multiplicity of the
relatively simple interactions.

Integrative level: or level of organization, is a set of phenomena emerging on pre-
existing phenomena of lower level.

Attractor: is a set towards which a variable moving according to the dictates of a
dynamical system evolves over time.

Spontaneous symmetry breaking is a spontaneous process by which a system in a
symmetrical state ends up in an asymmetrical state.




SZNAJID MODEL AND I'TS APPLICATION TO POLITICS

Mehmet Oz

May 5, 2008

ABSTRACT: Sznajl model of epinkon formation in secities las found many applications,
primarily in politica. Heve, we review the basic model, show that its natural extension to
two dimensions exhibivs a phase transition, and then focns on it application to proportbonal
elections where our mdel predicts the exponent for the power law disceibotion of moober

of votes obtained by different candidates in Brazilian proportional elections,

In search for a simple model of opinion formation, Katarzyna Sznajd-Weron aned Josef
Sznajd considered a society where each individual time and again has to decide be-
tween two cholces (A or B)[3]. We note that this setting applies particularly well for
referendums, where electorate vote "Yes” or 'No'. To keep the model simple, it was also
assumed that the society in guestion was a closed society, meaning that from the first
timestep the votes are taken until the last timestep, there is no inclusion or exclusion
to the electorate; the same people vote over and over again. The concept of a closed
society can be interpreted as analogous to an isolated system in physical language. The
final assumption that the model had to fit was that the steady states of the model are
the three limiting cases:

(a) Each person votes for A

(b} Each person votes for B

(¢) Equal mumber of people vote for A and B

The model consists of individuals, identified as magnets or spins, being ordered on a
one dimensional Ising chain. Hence, each individual is regarded as a spin variable S

where 5; = 1 corresponds to voting for A, and 5; = —1 corresponds to voting for B.
The spins evolve in time according to the following dynamic protocol|4]:

{a) In each timestep, a pair of neighboring spins S; and Si, ., henceforth which we will
refer as a bond, is chosen randomly to interact with their two nearest neighbors
S"_l and S=+2.

(b} If §; = &4y then 8-y = 5; and 840 = S5,

(c) If 5;=—5;, then 5, ; = 5, and §;,, = 5.
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rules (simple reactive agents)

if (SZ = Si+1) then Sz’—l — Si, SZ‘+2 — SZ

if (S; = —=Si41) then Si_; < Sip1, Siy2 < 5

11
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&. Further motivations -from lattice towards flexi-
ble topology

CA rules

i A NEW
i  KIND OF

B SCIENCE

i

von Neumann Moore Hexagonal

2D dynamical rule (von-Neumann neighbourhood)
t+1 H(t ¢ ¢ ¢ ¢
O-z(,j—i_ ) = (O-i(,]) 702(21,j 70-2'(+)1,j 70-2‘(,])71 70-2‘(,])+1) ’ O-i(,]? S {07 17 27 ey K}

n® = {a7} )
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Structuraly dynamic CA (SDCA) rules

Cellular Automata

A Discrete Universe

L
s — @ (ozi—|— > Byl a,@) : o € {0, 1}
k=1

L
k=1

= | {1y, {4
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&. Introduction to SPiIl stock market models

Spin-Lattice approaches

« R.Cont, J.P.Bouchaud, in J.Bouchaud and M.Potters, Theories des Risques Financiers
(Alea Saclay/Eyrolles, 1997)

« D.Chowdhury, D.Stauffer, European Physical Journal B, 8 (1999) 477
o« S.Bornholdt, Int. J. Mod. Phys.C 12 (2001) 667

« T.Kaizoji, S.Bornholdt, Y.Fujiwara, Physica A 316 (2002) 441

« T.Takaishi, cond-mat /0503156

....Network approach:

» D. Horvath, Z. Kuscsik, M. Gmitra, " The co-evolutionary dynamics of directed network
of spin market agents”, Physica A, 369 (2006) 780.

15



Trading Software
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@. Ising and Blume-Capel spin S = 1 family of models

@ elementary physical models of N-body problem

@ i-th agent spin encodes:

BUY

i-th agent spin encodes:
BUY order SW(i) = +1
SELL order S% (i) = —1
STAY inactive S (i) = 0

@ provide very complex spatio-temporal behavior

@ recent efforts - similarity between fluctuations in the economy
and N-body problem near the critical point

17



@ regular lattices:

BUY
SELL

HBUY J Buy| )
’ J J
BUY J MBuy
SELL e
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PHYSICAL REVIEW E 66, 016104 (2002)

Ising model on networks with an arbitrary distribution of connections

S. N. Dorogovlsev,l‘z'* ALV Go]lsev,“ and J. F. F. Mendes'*
Departamento de Fisica and Centro de Fisica do Porto, Faculdade de Ciencias, Universidade do Porto, Rua do Campo Alegre 687,
4169-007 Porto, Portugal
’A.F. loffe Physico-Technical Institute, 194021 St. Petersburg, Russia
(Received 10 March 2002; published 8 July 2002)

We find the exact critical temperature T, of the nearest-neighbor ferromagnetic Ising model on an “equi-
librium™ random graph with an arbitrary degree distribution P(k). We observe an anomalous behavior of the
magnetization, magnetic susceptibility and specific heat, when P (k) is fat tailed, or, loosely speaking, when the
fourth moment of the distribution diverges in infinite networks. When the second moment becomes divergent,
T, approaches infinity, the phase transition is of infinite order, and size effect is anomalously strong.

DOI: 10.1103/PhysRevE.66.016104 PACS number(s): 05.50.+q, 05.10.—a, 05.40.—a, 87.18.5n

[1] A.-L. Barabasi and R. Albert, Science 286, 509 (1999
[2] S. H. Strogatz, Nature (London) 401, 268 (2001).
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@ the co-evolutionary network version of the model

@



@. ... complex network topology ..

@ directed network of nodes I' = {1,2,..., L}.
@ node i € I is attached via n = 1,2, ..., N°" links to nodes X(V(i) € T

X (X (i) X2(X1(|))
1 2

X (X (i)
2 2

X (X (i) X2(X1(|))
1 2

X (X (i)
2 2

22



<&@ . spin decoration of complex net ...

S=-1 "sell" /D
1\ S(i)=1 "buy" \l, (X (i)

5=0 "inactive"

X (X (1))
2 2

23



&. ... construction of agent’s intranet ...

@ inherent agent’s degrees of freedom, model of cognition

i)
% o)
S(x)
sex) 8

@ inputs: all neurons k € {1,2,3,4,5,6,7,8}

@ intranet outputs: selected neurons k = 1,2; s(i, k) € {—1,1}

macrospin: S(i) = 3 (s(4,1) + s(,2)), S(i) € {-1,0,1}

24



A

spins replaced by spin modules ...

25



@. .. model build-up, cyclic subraph guarantees connectivity

cycLic CONNECTIONS ADDED INHERENT STRUCTURE ASSUMED

26



@& ... formalism of co-evolutionary dynamics ...

& stochastic model

i+l = g

@ composed configuration

" = (1), n9),...,n109(L)}

@ single-agent particulars

.....

strategic variables Hgt)(i) ={ Jigt)r(i, k,q)}
where ; ¢ € {1,2,..., Niyt: }
network links Hg?(i) = {XW(0)}, n € Ly

0;) =

27



single-agent operators ...

operator(i) acting on

variables of agent (7)

local field Uss(?) acting on
adaptivity UAd(ia) acting on
reconnection Ure(ir,i5)  acting on
extremal dynamics | Ugy(imnr)  acting on

I (4)
I (i)

I (i)

Hss (iminF) ; HJ(iminF)

except X, (fminF)

IminFbelongs to minimum of fitness

F(iminF) - miIlng‘ F(])

strategic variables

spin flips (changes of sell-buy order) driven by j

adaptivity of strategic variables

based on actual network connections j

RRW attained information

reconnections driven by fitness and j

extremal
dynamics

28




@ ... local field — { Spin ﬂlp } — {change of the order sell-buy } ...

@ local ?mean” opinion

S(x0)
5(i) 5(>g(i))
SU(0) = 5 Snel SO (X (0)) S(x0)

¢ inputs of intranet

s(i,3) < m, s(i,4) < S(1) s(i,5) <= Sun(7)

29



« small-scale intra-agent local field

1 N intr ( )

h(t) (i, k) — N(O, Ustoch) + ‘]ilftl“(i7 k, Q)S(t)(ia C]>

loc

Nintr —1 q=1,q#k

| S0

@ small-scale intra-agent spin degrees of freedom, next decision
s, k) < sign ( hin(i,k) ), OG0, k) € {~1,1)

e large-scale outer spin update — decision [sell...buy...stay]

SH () ; 06,1 +506,2)]  SEV6) € {-1,0,1}

30



@. ... magnetization related to log-price returns ...

stock price

interpretation of m® > 0 stock price increases -

interpretation of m®) < 0 stock price decreases €

31



& ... local fitness and minority game concept ...

The valuation of agents according node fitness F*)(4) that represents the inte-

grated history of agent’s gains and losses

FO() = FO®) + SU6) | —com™ + cana N0, 1) |, 9> 0

@ S®(4) is from the minority, its contribution is S®(i)m® < 0

@ SM(i) is from the majority, its contribution is S (i)m® > 0

m=1/8>0 Sm=1/8
Sm=-1/8

32



& .’slow” adaptivity to prototype (sub)leader...

adaption to

' transfer of stra tegies

@ transfer of strategy from linked prototype (sub)leader
Z'IOYO’U S Xn(Za) ) n € Lo

follower  ip 7 lprot, St € L

Ji(If:r_D(ia? k? Q) — Ji<1f’2r(ia7 ky q) (1 T é’ —I_ Ji@r(iprot)
plasticity parameter n € (0, 1)

33



@&. ..slow dynamics of network reconnections...




@ recognize fitness on the set F(i,) C En,, N,
Fliy) ={F(@); i€ (ir); 4, + €T}
where

and
RRW (i,) = U path, (i)
path, (i) = {i1.(4:), ..., in 02 (8r)} C T, iy = X,gi) (ip-1),

@ find the best candidate for next connection according

Xy (ir) — ip = argmax F (1,)

35




@& .. extremal selective dynamics...

@ localization of the agent imin that gains a instant

@ death-birth rules: the strategies of agent are replaced by
N(.,.) quantities:

Ji(xf‘:;l) (imin) A N® (O, aJintr)

F(H_l)(iminF) — N(t)(O7UF)
sk, q) random from {—1, 1}

36
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@ metaoptimized parameters...

complexity
Iy
0 - =
0 -
H order
Schematic form of & plot of mutual information Ly V8. avorage single-site
entropy H.

‘ the requirements incorporated into multi-function optimization:

(a) closeness of the critical regime (SOC); [principle of extremely wide F' distribution]
(b) highly leptocurtic log-price distribution; dynamics:

(¢) slow dynamics of

(d) occasional

U LU SIS AT SRS iy

Bootstrapping (computing)

From Wikipedia, the free encyclopedia

For other uses of "beotstrapping", see bootstrapping.

The Free Encyclopediz In computing, bootstrapping refers to a process where a simple system activates another more complicated system that serves the same

navigation purpose. It is a solution to the Chicken-and-eqqg problem of starting a certain system without the system already functioning. The term is
Main page most often applied to the process of starting up a computer, in which a mechanism Is needed to execute the software program that is
Caontents responsible for executing software programs (the operating system).

Featured content

Current events The term "bootstrapping” alludes to a German legend about Baron Minchhausen, who claimed to have been able to lift himself out of a

swamp by pulling himself up by his ewn hair. In later versions of the legend, he used his own boot straps to pull himself cut of the sea which

Random article
gave rise to the term baatstrapping[c'mwnneeaed]. The term is believed to have entered computer jargen during the early 1950's by way of

interaction 2
Heinlein's short story By His Bootstraps first published in lgAI[chauon m].
= About Wikipedia

= Cameinin narkal
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@ network: L =500, Ny = 10
@ intranet: Nipir = 8

@ repeated random walk parametrized by Ngepth = 6, Nyep = 6

@ dispersions of extremal dynamics:
O Jir — 1
Ostoch = 1073, op = 0.1;
@ probabilities of applying of Pre = 0.01, Prq = 0.2;

@ fitness ¢ = 1, cran =0

@ adaptivity: n = 0.1

38



@ .. statistics, scaling of price returns ...

T T T ML T T HE T T T
S 10°F N E
028 I~ N = L A
014 1 2 ok -
S 0 %S 100 L .
-0.14F 1 2 90k =
-0.28 B . e
I I L 10-2E | 1 I 1 I
0 15000 30000 45000 -0.21 -0.14 -0.07 0 007 014 021
t G (Ao

(a) (b)

(a) time evolution of the log-price returns defined as magnetization m®.
(b) shows the scaling properties of the pdf of cumulated returns

At
GUAD — S0 (t+h)
k=0

for a = 1.3 scaling collapse of eight distributions: At =1,2,...,8..

(t,At) 1/ G LAY
Af(GEADY — (A Ve m
PGl = (a0 (G D)

d(x) o |£L“717&
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&. ... identification of basic time scale

o
(o))
T
1

o
N
T
1

o
N
T

~ exp(—7/160)

0 200 400 600 800 1000 S T/ Ty S o a— 1
(a) (b)

( ) the fastest changes belong to mY) memory

Volatlhty ’ml(\T ﬂeﬁ%ﬂ the %Fm% ‘rjﬁla m{adI)wﬁry identified by autocorrelation

ﬁ@m%

~ 7064

(Im(0)[*) = (Im(0)])?

(c) "slowest” time scale belong to fitness (wealth accumulation)
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@& ... network of distributed (sub)leaders...

@ snapshot of the community structure on the complex network;

41



(a) el (b)
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(¢)
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(a) The snapshot of adjacency L x L matrix. The cyclic L-gon maps onto the matrix diagonal.

(b) The subgraph {i € I', k(™) > 50} (the larger circle belongs to larger k0",
(¢) The epochs of topology monitored by means of selection of highly preferred

{i,iel, k() >100} cT
The members of such group may be vaguely identified as local leaders.
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@ network recognized by random walker exhibits attractors (preferential paths-closed
loops) linking (sub)leaders
@ generalized topological Ljapunov-like exponents

@ how distance of the pair of diffusing agents evolve?:
jp-i—l = an(jp)7 ip-l—l = me(ip)a Tp, My € ]Outa p= 17 c M

Aary = % <1D [%D (A <0)

N

43



@& .. statistics of fitness and node degrees

@ power-law distribution of fitness related to Pareto-Zipf 0.3 law
@ topological consequence: power-law distribution of incoming node degrees,

(here ")/m = —172) [Barabdsi, Albert, Science 286 (1999) 509.]

[Y.Fujiwara et.al, Physica A, 334 (2004) 112.]
French firms in 2001 {Pareto index =—1.84};
UK firms (2000/2001) {Pareto index —1.995}

10°F 1073
= 10 :
"‘-g- | o 1074 £
1072¢ -
10-3F 1077
74 I L

10 " I I I L~ ] 10°¢

2 5 10 100 200 500
k(in) F
(a) (b)
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& clustering coefficient

statistical measure of social transitivity



@ Conclusions




