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Preface

This volume contains the abstracts of all the contributions
presented at the 5th International Conference on Applica-
tions of Physics in Financial Analysis Torino, June 29 to
July 1, 2006.
The presentations are about 130. The Conference is orga-
nized in plenary sessions, parallel symposia and poster ses-
sions. It provides a forum for updating and reviewing a wide
range of subjects in the field of Statistical Physics with spe-
cific applications in Economics and Finance. The aim of the
conference is to bring together scientists, both economists
and physicists, interested in problems in economics and fi-
nance. Previous meetings (Dublin 1999, Liege 2000, London
2001 and Warsaw 2003) have served to build the community
and foster links with disciplines such as econometrics and
statistics. A wide range of topics has been covered includ-
ing, for example, analysis of time series, option pricing, agent
models and game theory. It is now increasingly recognized
by both the physics and economic communities that a num-
ber of conceptual and methodological approaches based on
tools of statistical mechanics may be employed to understand
particular economic phenomena in terms of the underlying
direct interaction of agents and to model the dynamics of
heterogeneous populations of economic agents. In addition
to traditional economic notions of coordination via the price
system and strategic interaction, models of collective phe-
nomena are now making their appearance in many branches
of microeconomics to describe, for example, herding behav-
ior in financial markets. Other instances of the complex-
ity approaches, familiar to physicists, appear in evolutionary
game theory, demand theory, behavioral economics and so-
cial economics. In macroeconomics and econometrics, there
is a new appreciation of the role of individual heterogeneity
which has provided new insights into economic aggregation.
New models of the theory of growth, based on non-linear
and stochastic processes have emerged and are being tested
against real data. In finance, the analysis of time series, dis-
tributions of asset prices and price returns with attendant
phenomena, such as scaling and universality, is leading to
radically new insights and new questions, both theoretical
and empirical, about the functioning of financial markets.
All these approaches employ analytical and numerical tools
from what has become known as the science of complexity, a
new interdisciplinary approach, initially used for the analy-
sis of systems with strongly interacting subunits in physics,
biology, engineering.
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Hidden forces and fluctuations from
moving averages.

V. Alfi1,2, F. Coccetti3, L. Pietronero1,4

1 Università “La Sapienza”, Dipartimento di Fisica, P.le A. Moro

5, 00185, Roma, Italy.
2 Università “Roma Tre”, Dipartimento di Fisica, V. della Vasca

Navale 84, 00146, Roma, Italy.
3 Museo Storico della Fisica e Centro Studi e Ricerche “Enrico

Fermi”, Via Panisperna, Roma, Italy.
4 Istituto dei Sistemi Complessi - CNR, Via dei Taurini 19, 00185

Roma, Italy.

The possibility that price dynamics is affected by its dis-
tance from a moving average has been recently introduced
as new statistical tool [1]. The purpose is to identify the
tendency of the price dynamics to be attractive or repul-
sive with respect to its own moving average. We consider
a number of tests for various models which clarify the
advantages and limitations of this new approach. The
analysis leads to the identification of an effective poten-
tial with respect to the moving average. Its specific im-
plementation requires a detailed consideration of various
effects which can alter the statistical methods used. How-
ever, the study of various model systems shows that this
approach is indeed suitable to detect hidden forces in the
market which go beyond usual correlations and volatility
clustering [2]. This model has also been applied to real
data from NYSE and results show an asymmetrical shape
of the potential.

[1] M. Takayasu, T. Mizuno, and H. Takayasu, preprint

physics/0509020.

[2] V. Alfi, F. Coccetti, M. Marotta, L.Pietronero, and M.

Takayasu, preprint physics/0601089.

Scaling properties of the DMA algo-
rithm.

S. Arianos1, A. Carbone2

1 Department of Theoretical Physics University of Torino, Italy.
2 Physics Department, Politecnico di Torino, Italy.

The function:

σ2
DMA =

1

Nmax − n

NmaxX
i=n

[y(i)− eyn(i)]2,

where eyn(i) is defined as 1/n
Pn−1

k=0 y(i−k), n is a moving
window and Nmax is the dimension of the stochastic series

has been proposed to investigate the long-range correla-
tion properties of stochastic time series y(i) [1].
It has been shown that the function σ2

DMA exhibits in-
teresting statistical properties related to very general as-
pects of nonlinear stochastic systems. In particular, the
relation with the self-organized criticality and the infor-
mation content of the stochastic process, underlying the
time series, have been established [2-4].
Here, we propose an extension of the algorithm with eyn(i)
replaced by a higher-order approximation of the time se-
ries y(i). Finally, we provide the analytical proof that the
σ2

DMA variance scales as n2H .

[1] E. Alessio, A. Carbone, G. Castelli, and V. Frappietro,
Eur. J. Phys. B 27, 197 (2002).
[2] A. Carbone, G. Castelli, and H.E. Stanley, Phys. Rev.
E 69, 0161 (2004).
[3] A. Carbone, G. Castelli, and H.E. Stanley, Physica A
344, 267 (2004).
[4] A. Carbone and H.E. Stanley, Physica A 340, 544
(2004).

Dynamical networks from correlations.

T. Aste, T. Di Matteo
Department of Applied Mathematics, The Australian National

University, 0200 Canberra, ACT, Australia.

The extraction of relevant and meaningful information
from large streams of data has become one of the ma-
jor challenges for scientists working in the field of com-
plex systems. In particular, one of the main goals is to
get information about the underlying system of interac-
tions that leads to complex collective dynamics. In this
talk we discuss how a set of relevant interactions can be
extracted from the analysis of the cross-correlation ma-
trix. We show that an active and adaptive correlation
filtering procedure can be associated to the dynamics of
a network which is a sort of ‘hyper-molecule’ warped on
a D-dimensional unitary sphere.
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Clusters or networks of economies?
A macroeconomy study through GDP
correlations.

M. Ausloos, R. Lambiotte
SUPRATECS, B5 Sart Tilman, B-4000 Liège, Euroland.

We follow up on the study of correlations between GDPs
of rich countries, as in refs. [1-2]. We analyze web-
downloaded data on GDP that we use as individual
wealth signatures of the country economical state. We
calculate the yearly fluctuations of the GDP. We look for
forward and backward correlations between such fluctua-
tions. The system is represented by an evolving bipartite
network, nodes being the GDP fluctuations (or countries)
at different times.
In order to extract structures from the network, we fo-
cus on filtering the time delayed correlations by remov-
ing the least correlated links. This percolation idea-based
method reveals the emergence of connections, that are vi-
sualised by a branching representation. However the sys-
tem is pretty unstable. Such a measure of collective habits
does not fit the usual expectations defined by politicians
or economists.

[1] J. Miskiewicz and M. Ausloos, Correlations between
the most developed (G7) countries. A moving average
window size optimisation, Acta Phys. Pol. B 36 (2005),
2477-2486.
[2] J. Miskiewicz and M. Ausloos, G7 country Gross Do-
mestic Product (GDP) time correlations. - A graph net-
work analysis, in Practical Fruits of Econophysics, H.
Takayasu, Ed. (Springer, Tokyo, 2006), 312-316.

Price forecast in the competitive
electricity market by support vector
machine.

C. Gao1,2, E. Bompard2, R. Napoli2, H. Cheng1

1Department of Electrical Engineering, Shanghai Jiaotong

University, China.
2Dipartimento di Ingegneria Elettrica Politecnico di Torino, Italy.

Price forecast is a task challenging and very important
in competitive electricity market context. Both market
players and regulators concern very much about the price
evolution, on one hand, the prediction of the market price
is a crucial information for the production arrangement
and bidding strategies. On the other hand, the regula-
tors need to analyze the market behavior and monitor
the market evolution. Price forecast tools provide them a

useful tool to foresee the future market and examine the
potential regulations.
The price forecast tools are categorized in two fields. One
is the detailed market simulation [1]-[4], which needs lots
of market information, the other price forecast technology
refers to those mathematic approaches without market
modeling. The most popular approach is the time series
algorithm, which has been widely used in many forecast
fields. Garcia introduced GARCH forecast model to cap-
ture the price volatility for next day electricity price pre-
diction [5]. Contreras applied ARIMA models to predict
the next day electricity price[6], while Conejo developed
a hybrid ARIMA approach with wavelet transform for
ill-behaved price series[7]. In [8] dynamic regression and
transfer function models are proposed by Nogales. Ar-
tificial Intelligence (AI) that has been also widely used
in load forecast is popular for price forecast. Szkuta
proposed a three-layered artificial neural network (ANN)
with back propagation for price prediction in [9]; support
vector machine (SVM) as a new AI method has shown
its excellent performance for classification, regression and
pattern recognition, and has been successfully applied in
load forecast [10], some preliminary attempt has been im-
plemented in price forecast [11] as well.
Price forecast can be classified in three types according
to the time frame,
- Short term price forecast;
- Medium term price forecast;
- Long run price forecast.
Apparently, the short-term price forecast is the most
elusive, due to the incomplete information or uncertain
strategic bidding. With the time frame enlarged, the price
is more and more reasonable with reference to the corre-
sponding context, namely it is easier to find the mapping
relation between the context and the price. Hence the
major difficulty for the long run price forecast is the un-
certainty of the future context.
The market price will be hugely influenced by the sub-
jective bidding strategies and the regulations, which ac-
counts for much stronger volatility of the price. One di-
rect method to alleviate the impacts of those subjective
factors is to use the latest information; in the short period
all those subjective factors that cannot be forecasted pre-
cisely can be taken as constant which also means that we
can reduce the number of samples and we need to solve
the problem of effective data identification.
SVM is especially suitable for solving problems of small
sample size [12]. In this paper, we present a flexible Ci

SVR model for price forecast based on classic -intensive
SVR for forecasting the next day price. According to the
particularity of the price forecast task, uniform C and ε
have been replaced by different Ci and εi optimally as-
signed to each sample considered with the help of Particle
Swarm Optimization (PSO). The flexible Ci SVR model
has also applied to long-term price forecast with data in-
formation provided by Long Run Electricity Market Sim-
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ulator (LREMS) for Italian electricity market.
SVM approach has good performance in dealing with the
nonlinear price forecast problem, which cannot be well
captured by the linear methods such as time series ap-
proaches. SVM is based on structural risk minimization,
which is proved better than the empirical risk minimiza-
tion of the ANN.
SVM is powerful for the problem characterized by small
samples. Therefore it is suitable for long term price fore-
cast, which can only has small number of history data.
While due to the subjective factor of the price determina-
tion the short term price forecast can only adopt limited
number of history data, hence is also suitable to be solved
by the SVM approach.
Moreover, precise distinguish among the data usually
can bring better results. Based on the classic Vapnik
ε-intensive SVR, the flexible Ci SVR model introduces
various Ci εi among the training data, hence the model
can capture the various validation among the data effec-
tively. Combined to the practical empirical method of the
Vapnik model, PSO approach with the particularly de-
signed data initialization are presented to efficiently find
the optimal value of those Ci εi. Compared to the Vapnik
ε-intensive SVR, our new model with flexible Ci always
presents much better results. For long-term price fore-
cast, good mapping between the input (reserve margin,
fuel price, HHI) and output (yearly average market price)
shows good performance of the new model within the Ital-
ian market with the data provided by LREMS.

[1] D.W. Bunn, Proceedings of the IEEE. 88, 163 (2000).
[2] S. de la Torre, A.J. Conejo, and J. Contreras, IEEE
Trans. Power Syst. 18, 1547 (2003).
[3] A. Botterud, M. Korpas, K.-O. Vogstadetc, A Dy-
namic Simulation Model for Long-term Analysis of the
Power Market, 14th Power Systems Computation Con-
ference, (June 24-28, 2002 Sevilla, Spain).
[4] J. Valenzuela and M. Mazumdar, On the Computation
of the Probability Distribution of the Spot Market Price in
a Deregulated Electricity Market, PICA 2001 Innovative
Computing for Power - Electric Energy Meets the Mar-
ket. The 22nd International Conference on Power Indus-
try Computer Applications, 268 (2001).
[5] R.C. Garcia, J. Contreras, M. van Akkeren, and J.B.C.
Garcia, IEEE Trans. Power Sys. 20, 867 (2005).
[6] J. Contreras, R. Esṕinola, F.J. Nogales, and A.J.
Conejo, IEEE Trans. Power Syst. 18, 1014 (2003).
[7] A.J. Conejo, M.A. Plazas, R. Espinola, A.B. Molina,
IEEE Trans. Power Syst. 20, 1035 (2005).
[8] F.J. Nogales, J. Contreras, A.J. Conejo, and R.
Esṕinola, IEEE Trans. Power Syst. 17, 342 (2002).
[9] B.R. Szkuta, L.A. Sanabria, T.S. Dillon, IEEE Trans-
actions on Power Systems 14, 851 (1999).
[10] B.-J. Chen, M.-W. Chang, and C.-J. Lin, IEEE
Trans. Power Syst. 19, 1821 (2004).

[11] D.C. Sansom, T. Downs, and T.K. Saha, J. Elect.
Electron. Eng. Austr. 22, 227 (2002).
[12] N. Chen, W. Lu, J. Yang, and G. Li, Support vector
machine in chemistry, (World Scientific Publishing).

Bayesian networks for enterprise risk
assessment.

C.E. Bonafede1, P. Giudici2

1 University of Pavia, Italy.
2 University of Pavia, Italy.

Every human activity can be more or less at risk. A risk
is an event that is more uncertain than a real danger sit-
uation, therefore it is a potential damage. The risk for
every single human being or organization, to according
to different typologies of activity and priority can assume
diverse values, meanings and it can be classified in differ-
ent ways.
From an entrepreneurial point of view the risk is defined
as the possibility that something happens and that it will
have impact on the goals. The risk is measured in terms
of combination of probability of an event (frequency) and
of its consequence (impact). The combination of the fre-
quency and the impact produces the distribution of losses.
By such a distribution the maximum admissible loss is
calculated. This maximum is called Value at Risk (VaR)
that is the percentile at 99 percent of the loss distribu-
tion, [4,5,7,9].
To estimate the frequency and the impact are used or the
historical data (quantitative data) or the expert opinions
(qualitative data) collected by scorecard approach, either
together, [5,7,9].
Using of qualitative data result more difficulty, because it
is necessary to ponder in a proper way such information
to shift from qualitative to quantitative data used in the
model.
In the case of the enterprise risk assessment the consid-
ered risks are, for instance, that strategic, operational,
operative, legal and of image, which many times are dif-
ficult to be quantified. So, in general, only qualitative
data, gathered by scorecard, are available for the VaR
calculation.
Among the techniques used to define the distribution of
losses there is the Bayesian Network (Probabilistic Ex-
pert Systems). This kind of net can also be used for
the monitoring, control and the evaluation of strategies
of intervention but in such a case it takes the name of
decisional graph, [2,3].
A Bayesian Network (BN) is a graphical probability
model formed by nodes, direct arcs and without cycles.
Every node represents a discreet or continuous casual
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variable. The relationships among variables pointed out
by oriented arcs are interpreted in terms of conditional
probability according to the Bayes Theorem.
With the BN is implemented the concept of conditioned
independence that allows the factorization of the joined
probability through the Markov property, in a series of
local terms which describe the relationships among the
variable:

f(x1, x2, ..., xn) =

nY
i=1

f(xi|pa(xi))

Where with pa(xi) is denoted the probability of the par-
ents of the variable of the node Xi, [2,3,6].
The problem of the BN is that it requires an appropriate
database to extract the conditional probabilities (learning
parameters problem) and the network structure (learning
structure problem), [1,3].
The purpose of our job is focused on this last point, there-
fore to obtain a BN that link together the frequency of
each single risk in terms of conditional probabilities and
using only qualitative data. This means to know merely
expert opinions about marginal probabilities (priors) and
relations (what describe the net structure) among risks.
Our approach could represent an alternative to calcu-
late the probability conditional tables (CPT) required to
define the dependences among the risks, (so to develop
a multivariate analysis), in the case of only qualitative
data and with Bernoulli random variables for the risk fre-
quency. This way can get an integrated vision of the risks.
It has been reached to calculate the conditional probabil-
ities matrix for the case at one, two and three parents
(generalized to the case with more than three parents),
using only the partial correlations, the values of marginal
probability of parents and children nodes and on the fact
that the Markov property allows the local study of the
model.
For finding such solutions the fundamental idea has been
to understand how the correlations are linked with the
incremental ratios or the derivatives of the child’s proba-
bility in function of the father’s probability. This choice
is due to the fact that parent and child interact through
the values of conditional probabilities and also that the
derivatives are directly linked to such probabilities and
therefore to the degree of interaction between the two
nodes and so also with the correlation. For the case of
two independent parents, i.e., the system is:

f(x, z) = (α1 − α2 − α3 + α4)xz + (α2 − α4)x

+(α3 − α4)z + α4 = y

∂f

∂x
= (α1 − α2 − α3 + α4)z + (α2 − α4)

=
(ρAF )(MAF )

x(1− x)

∂f

∂z
= (α1 − α2 − α3 + α4)z + (α3 − α4)

=
(ρBF )(MBF )

z(1− z)

∂2f

∂x∂z
=

∂2f

∂z∂x
= (α1 − α2 − α3 + α4)

=
(ρABF )(MABF )

x(1− x)z(1− z)

α1 + α5 = 1

α2 + α6 = 1

α3 + α7 = 1

α4 + α8 = 1

Where with αi are indicated the conditioned probabilities,
with x and z the marginal probabilities of the parents
(A and B) and with y the child probability (F). For the
correlations, instead, it has been pointed out with AF the
partial correlation between parent A and child F, with
BF that between parent B and child F and with ABF the
global correlation.
The values for the M parameters are:

MAF =
p

x(1− x)y(1− y);

MBF =
p

z(1− z)y(1− y);

MABF =
p

x(1− x)z(1− z)y(1− y);

Besides, since only the partial correlations have been
given so the global ones are set by using the mutual in-
formation as index:

I[X, Y ] = H(X) + H(Y )−H(X, Y );

Where with H are indicated the entropies (defined in
statistic terms) for the nodes and for the local network
studied, therefore for the exposed system are:

I[A, F ] = (H(A) + H(F )−H(A, F )) ∝ ρAF ;

I[B, F ] = (H(B) + H(F )−H(B, F )) ∝ ρBF ;

I[A, B, F ] = (H(A)+H(B)+H(F )−H(A, B, F )) ∝ ρABF ;

Such a method has been applied to a project of enterprise
risk management for the integration of the risks involved
in the construction of Messina’s strait bridge.
Defined the net with which the risks are linked together,
a following development would be that of identifying var-
ious sets of risks (sceneries), to appraise their joined dis-
tribution of the frequencies PN (n) (calculable by the BN
implemented), to estimate the distribution for the im-
pact FX(x) (through the experts or the historical data)
and then the distribution of losses HL(x):

HL(x) =

8<: 2P
i=0

PN (n)× F n
X(x) x > 0

PN (0) x = 0

Where Fn(x) is the convolution product of F(x) with it-
self n-times.
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The function H, in general, cannot analytically be calcu-
lated and therefore techniques of numerical simulation as
Monte Carlo methods are implemented to calculate the
loss distribution, [4,5,7,8].

[1] D. Heckerman, A tutorial on learning with Bayesian
networks (Microsoft Research tech, 1996).
[2] R.G. Cowell, A.P. Dawid, S.L. Lauritzen and D.J.
Spiegelhalter, Probabilistic Networks and Expert Systems,
(Springer, New York, 1999).
[3] F.V. Jensen, Bayesian networks and decision graphs,
(Springer, New York, 2001).
[4] M.G. Cruz, Modelling, measuring and hedging opera-
tional risk, (John Wiley and Sons, West Sussex, 2002).
[5] C. Alexander (Ed.), Operational Risk, regulation
analysis and management, (Pearson Education, London,
2003).
[6] P. Giudici, Applied Data Mining, (John Wiley and
Sons, West Sussex, 2003).
[7] M.G. Cruz (Ed.), Operational risk modelling and
Analysis, (Risk Books, London, 2004).
[8] F. Fanoni, P. Giudici and G.M. Muratori, Operational
risk: measurement, modelling and mitigation, (Il Sole 24
Ore,Italy, 2005).
[9] A. Sironi, Risk management and Capital Allocation,
(EGEA, Milan, 2005).

Risk measures with non-Gaussian fluc-
tuations.

G. Bormetti1,2, E. Cisana1,2, G. Montagna1,2,
O. Nicrosini2,1

1 Dipartimento di Fisica Nucleare e Teorica, Università di Pavia,

Via A. Bassi 6, 27100, Pavia, Italy.
2 Istituto Nazionale di Fisica Nucleare, Sezione di Pavia, Via A.

Bassi 6, 27100, Pavia, Italy.

Reliable calculations of financial risk require that the fat-
tailed nature of prices changes is included in risk mea-
sures. To this end, a non-Gaussian approach to financial
risk management is presented[1], modeling the power-law
tails of the returns distribution in terms of a Student-t
(or Tsallis) distribution [2,3]. Non-Gaussian closed-form
solutions for Value-at-Risk and Expected Shortfall are ob-
tained and standard formulae known in the literature un-
der the normality assumption are recovered as a special
case. The implications of the approach for risk manage-
ment are demonstrated through an empirical analysis of
financial time series from the Italian stock market. De-
tailed comparisons with the results of widely used pro-

cedures of quantitative finance [4], such as parametric
normal approach, RiskMetrics methodology and histor-
ical simulation, as well as with previous findings in the
econophysics literature [5,6], are shown and commented.
Particular attention is paid to quantify the size of the
errors affecting the risk measures obtained according to
different methodologies.

[1] G. Bormetti, E. Cisana, G. Montagna and O.
Nicrosini, A Non-Gaussian Approach to Financial Risk
Management (preliminary title), paper in preparation.
[2] J.P. Bouchaud and M. Potters, Theory of financial
risk and derivative pricing: from statistical physics to risk
management (Cambridge University Press, 2003).
[3] Nonextensive statistical mechanics: new trends, new
perspectives, edited by J.P. Boon and C. Tsallis, Euro-
phys. News 36 (6) (2005).
[4] P. Jorion, Value at Risk: The New Benchmark for
Managing Financial Risk, (McGraw-Hill, 2002).
[5] S. Pafka and I. Kondor, Physica A 299 (2001), 305.
[6] A.P. Mattedi, F.M. Ramos, R.R. Rosa, and R.N. Man-
tegna, Physica A 344 (2004), 554.

The Growth of Business Firms: Theo-
retical Framework.

S.V. Buldyrev
Yeshiva University, USA.

We introduce a model of proportional growth to explain
the distribution Pg(g) of business-firm growth rates. The
model predicts that Pg(g) is exponential in the central
part and depicts an asymptotic power-law behavior in
the tails with an exponent equal to 3. Because of data
limitations, previous studies in this field have been focus-
ing exclusively on the Laplace shape of the body of the
distribution. In this article, we test the model at differ-
ent levels of aggregation in the economy, from products
to firms to countries, and we find that the predictions of
the model agree with empirical growth distributions and
size-variance relationships.
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Scale-free nature of financial systems.

G. Caldarelli
INFM-CNR, Istituto dei Sistemi Complessi, Dipartimento di

Fisic,a ”Universita’ degli Studi di Roma”, Piazzale Aldo Moro 5,

00185 Roma.

There is a growing interest in the field of econophysics
about the recent developments in networks.
It has been realized that many phenomena and social re-
lations can be modeled through a network where agents
represent the vertices and their relationships represent the
edges. Strikingly enough these networks have in all the
cases some constant statistical properties. In particular
all of them seem to be characterised by a scale-free dis-
tribution of the number of edges per vertex (degree).
In this contribution we want to present the activity done
in this field by our group on stock shareholding networks,
stock price correlation network and interbank loan net-
work.
We also present a possible explanation for the onset of
scale-invariance in such financial systems.

Information-theoretical measure for
long-range correlated time series.

A. Carbone1, H.E. Stanley2

1Dipartimento di Fisica and INFM, Politecnico di Torino, Corso

Duca degli Abruzzi 24, I-10129 Torino, Italy.
2Center for Polymer Studies and Department of Physics, Boston

University, Boston, Massachusetts 02215, USA.

We propose an information-theoretical measure, the
Shannon entropy, for the clusters emerging from the
self-organized critical dynamics described by a fractional
Brownian motion. We calculate the Shannon entropy,
S(L), for the probability distribution functions P (L)
where L is a characteristic size, denoting the diameter
`, the lifetime τ or the area A of the clusters. We find
that S(L) can be written as the sum of two terms. The
first term, varying as log L, accounts for the mechanism
of information exchange in the fully developed stationary
self-organized critical regime. The second term, varying
as the logarithm of the scaling function F(L/n), accounts
for the dissipative effects.

Econophysics of income distributions:
A kinetic model with saving propensity.

B.K. Chakrabarti
Saha Institute, Kolkata, India.

We will review the ideal gas-like models of trading mar-
kets, incorporating savings. Numerical results for both
uniform and distributed savings will be discussed and
compared with observations. Recent theoretical develop-
ments on the will be reported. Some of the well-publicised
criticisms of the model will be considered addressed.

Timescales and agent-based models of
financial markets.

D. Challet1, G Mosetti2, Y.-C. Zhang2

1Nomura Centre for Quantitative Finance, Mathematical Insti-

tute, Oxford University, UK.
2Département de physique, Université de Fribourg, Switerland.

I will discuss the relationship between the Minority Game
[1] and information exploitation modelling in financial
markets. Then the issue of heterogeneous timescales in
MGs will be addressed: learning rates, score memory,
strategy correlation [2]. The talk will end with a discus-
sion on a model of speculation, where the agents open,
wait and close their positions explicitely [3].

[1] D. Challet, M. Marsili, Y.-C. Zhang, Minority Games,
(Oxford University Press, Oxford, 2005).
[2] D. Challet, G. Mosetti, Y.-C. Zhang, to appear in
Physica A, preprint physics/0509078 (2005).
[3] D. Challet, submitted to JEBO, preprint
physics/0502140 (2005).

Heterogeneous agents are responsible
for the Pareto tail.

A. Chatterjee, B.K. Chakrabarti
Theoretical Condensed Matter Physics Division and

Centre for Applied Mathematics and Computational Science,

Saha Institute of Nuclear Physics, 1/AF, Bidhannagar, Kolkata

700 064, India.

The ‘ideal-gas’ like models of wealth distribution [1] in
trading markets have been thoroughly investigated. In
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such models, agents with identical saving propensity pro-
duce a Gamma function like distribution of wealth [2].
The role of heterogeneous agents in the emergence of
the Pareto tail [3] has been identified; the system self-
organizes to a power law distribution of wealth as soon as
agents have a quenched distribution of savings. We also
discuss the detailed numerical results and the formulation
of a master equation for the trading process and its solu-
tion [4].
Recent analyses suggest strong evidence in favor of het-
erogenity in producing the power law in the wealth dis-
tribution [5]. It is possible to extract savings parameters
from empirical data from a community of agents with
similar savings pattern. These parameters from different
communities can then be used in the ‘ideal-gas’ model
framework and one can have a case for obtaining wealth
distributions in a heterogeneous society exactly similar
to what is observed in the real data. We find strong
arguements in favor of these savings-wealth models in
explaining the observed shapes of the empirical wealth
distribution data and the subsequent emergence of social
inequality (see article by T. Lux in [1]).

[1] A. Chatterjee, S. Yarlagadda, and B.K. Chakrabarti
(Eds.), Econophysics of Wealth Distributions (Springer-
Verlag Italia, Milan, 2005).
[2] A. Chakraborti and B.K. Chakrabarti, Eur. Phys. J.
B 17 (2000), 167.
[3] A. Chatterjee, B.K. Chakrabarti, and S.S. Manna,
Physica A 335 (2004), 155.
[4] A. Chatterjee, B.K. Chakrabarti and R.B. Stinch-
combe, Phys. Rev. E 72 (2005), 026126.
[5] J. Angle, Physica A (2006), in press.

The collision of masses and technical
indicators.

L. Chavez-Guzman
UDEM, Departamento de Administracion, Division de Negocios,

Universidad de Monterrey Morones Prieto 4500 Pte. Garza

Garcia, NL 66238, Mexico.

Lately appeared in literature the idea to establish an anal-
ogy between prices and masses impacted by other masses
proposing a taxonomy of impacts or expectations. We
have four expectations: the first one is a blow without
penetration and without reduction of the body mass; the
second one is a blow without penetration but with re-
duction of the body mass; the third one is a blow that
penetrates and stays in the body and the last one is a
blow that goes thru the body without affecting the body

mass [1]. The purpose of this paper is to take the previous
viewpoint into account to analyze the technical indicators
which relate to anticipation, volatility, tendency, market
strength, support and resistance and the way these in-
dicators are used. The indicators that we are going to
study are the following ones: The Relative Strength In-
dex Technical Indicator (RSI), Bollinger Bands Technical
Indicator (BB), Money Flow Index (MFI), The Moving
Average Technical Indicator (MA), Moving Average Con-
vergence/Divergence (MACD), The Stochastic Oscillator
Technical Indicator, The Momentum Technical Indicator,
Commodity Channel Index Technical Indicator (CCI),
Parabolic SAR Technical Indicator (SAR) and Envelopes
Technical Indicator.

[1] L. Chavez-Guzman, The collision of masses the way
prices react to expectations, Physica A 344 (2004), 156-
161.

Critical dynamics and global persis-
tence exponent on Taiwan financial
market.

I.C. Chen1,2, H.C. Tseng1, H.J. Chen1, P.C. Li1

1 Physics Department, National Chung Hsing University,

Taichung 402, Taiwan R.O.C.
2 Nan Kai Institute of Technology, Nantou 542102, Taiwan R.O.C.

We investigated the critical dynamics on the daily Taiwan
stock exchange index (TSE) from 1971 to 2005, and the
5-min intraday data from 1996 to 2005. A global persis-
tence exponent θp was defined for non-equilibrium critical
phenomena [1,4], and describing dynamic behavior in an
economic index[2]. In recent numerical analysis studies
of literatures, it is illustrated that the persistence prob-
ability has a universal scaling form P (t) ∼ t−θp [3]. In
this work, we analyzed persistence properties of univer-
sal scaling behavior on Taiwan financial market, and also
calculated the global persistence exponent θp. We found
our analytical results in good agreement with the same
universality.

[1] H. K. Janssen, B. Schaub, and B. Schmittmann, Z.
Phys. B73 (1989), 539.
[2] B. Zheng, Mod. Phys. Lett. B16 (2002), 775.
[3] B. Zheng, Int. J. Mod. Phys. B12 (1998), 1419.
[4] S. N. Majumdar, A. J. Bray, S. J. Cornell, and C. Sire,
Phys. Rev. Lett. 77 (1996), 3704.



8 Torino, Italy, June 29th - July 1st 2006

Evaluating short-term financial risk
in the electricity market by applying
feed-forward ANN and its BP algo-
rithm.

W. Chengmin, M. Yuchao, J. Chuanwen, Z. Jinsong
Shanghai Jiaotong University, Shanghai Huashan Road 1954 No.

of China.

Usually the definition of risk relates with the uncertain
loss. The classical decision-making theory described the
risk as the uncertainty of the result, for its application
to the competitive markets is the uncertainty of pay-
offs acquired by the market participants. Especially in
the short-term electricity markets in which the real time
prices change very frequently, the market participants as-
sume great risk in terms of the profit and loss, so the
price uncertainty is highly related to the risk. VaR index
is popular method for risk management in electricity mar-
ket, and Monte-Carlo method is usually used in modeling.
In this respect, use the variance of probability distribu-
tion as the risk index is improper. This paper considers
only the loss part as the risk in the expected result. The
risk index incorporates two meanings, one is the possibil-
ity of the loss and the other is the magnitude order. The
risk is evaluated with the product of the probability and
the expected loss value and the modification factor that is
used to account for the risk vulnerability. The expression
is:

R = E(ζ−1)[1 + kσ(ζ−1)] (1)

where R is the measurement of risk, ζ−1 and E(ζ−1) are
respectively the discrete variables and the average val-
ues of loss sequences, σ(ζ−1) is the average variance and
[1 + kσ(ζ−1)] is the modification factor.
The feed-forward neural network model is adopted to fore-
cast the value of E(ζ−1) and σ(ζ−1), and then the risk
value R is evaluated.
The feed-forward neural network, as an efficient tool to
solve the nonlinear problem, is trained by the gradient
method with the optimal path. It is proved that any
nonlinear functions can be approached with high level
accuracy and the very complicated problems, such as in
cluster and identification area, can be treated using the
three-layer-feed-forward neural network with S-function.
The structure of feed-forward three-layered neural net-
work is viewed in figure 1 with n input nodes, m output
nodes and N hidden nodes. The math model is as fol-
lowing: Where Yk is the kth-dimension component of net
output vector, in the risk forecast k = 2, which represent
E(ζ−1) and σ(ζ−1); xi is the ith-dimension component of
the net input vector, and the dimension is decided by the
great impact factors to the price, so the load congestion
waste available residual capability and random variable
lead that n is five; αij is the weight from i input node
to j hidden node; βjk is the weight from j hidden node
to k output node; α0j is the threshold value of j hidden
node. βok is the threshold value of k output node; hj

Fig.1 Three Feed-Forward ANN.

is the response function of j hidden node, and it is the
sigma function:

hj =
1

1 + exp(−νj)
(2)

where νj =
Pn

i=1 αijxi + α0j .
Although it is testified that any given function can be
approached by three-layer-feed-forward neural network,
there is no general rule applied to the selection of the
number of the hidden nodes. Due to the great fluctua-
tion of price, the network structure should not be fixed
and should be modified with the changes of the sampled
data, as a consequence to increase or decrease the hidden
nodes.
For the consideration of the changes of the network struc-
ture, the state variables and the discrete control variables
are included in such neural network model that is diffi-
cult to be solved. Generally the decomposition technique
is used to optimize the control variables and the state
variables separately. In this paper, a new approach is
proposed for such neural network model. First, the con-
trol variables are optimized using the gradient method,
next the number of hidden node can be determined, then
the weights can be calculated by the BP algorithm. The
case study is made by a practical system, and it is indi-
cated, that proposed method is effective to determine the
hidden units of three layer Feed-Forward neural networks
in evaluating short-term financial risk in the electricity
market.
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Models describing the certification
market forecast.

B. Chiaia1, E. Bovet1, R. Grottola2

1 Dept. of Structural and Geotechnical Engineering, Politecnico

di Torino Corso Duca degli Abruzzi 24, 10129 Torino, Italy.
2 Det Norske Veritas, Oslo, Norway.

The aim of this work is to analyse differents models de-
scribing the certification market forecast, both in tradi-
tional and in emerging markets. Based on the assump-
tion that any product follows a typical S-curved life cy-
cle, several methods for describing patterns of growth
and decline in biological popolations and individual or-
ganisms, represented by a ”S-curve tool”, are analysed.
The study starts with the analysis simplest case of the
logistic Verhulst-Pearl equation, finishing with the more
complex West, Brown and Enquist (WBE) model. For
this method the rate of growth of a population is a non
linear function of the population size. The historical data
are retrieved from the ISO Survey of ISO 9001:2000 and
ISO 14001 Certificates made in differents countries of
the whole world. They are subdivised in External data
(ISO Survey) and Internal data (MIB/Flash reports). By
comparing the seven methods analysed, the WBE model
yields the best interpolation, giving the minimal value of
quantities such as the root mean square error, mean abso-
lute error and mean absolute percentage error. Further-
more, the WBE method calculates the simulated future
trends in the Certification market with respect to the car-
rying capacity, typical of the limited population growth.
The WBE model describes correctly the markets in ex-
pansion (emerging countries, i.e., Far East), while some
cautions are to be taken as concerns satured markets (e.g.
Europe). Finally it describes well both External and In-
ternal data, taking into account that, for the two different
sets of data, the carrying capacity is calculated in differ-
ents ways.

Phase transitions in portfolio optimiza-
tion

S. Ciliberti, M. Mézard
Laboratoire de Physique Théorique et Modèles Statistiques,

Université de Paris-Sud, bâtiment 100, 91405, Orsay Cedex,

France.

Portfolio optimization problems can be often reduced to
linear programming, for which extremely fast algorithms
exist. It can happen, as it is the case of optimization
under the Expected Shortfall measure of risk, that the
problem does not alway admit a finite solution [1]. More

precisely, the feasibility of the corresponding linear pro-
gramming problem depends on the external parameters.
Focusing on the particular case of the Expected Shortfall
[2], we determine the phase diagram of the related portfo-
lio optimization problem by means of a replica approach.
We will also show that the analytical approach we use
here is suitable for dealing with more general problems.

[1] I. Kondor, S. Pafka, and G. Nagy, Lectures given at
the 2005 Rome Summer School on “Risk Measurement
and Control”.
[2] C. Acerbi and D. Tasche, Journal of Banking and Fi-
nance 26 (2002), 1487–1503.

Market power and collusive behavior
in an artificial power exchange.

S. Cincotti, E. Guerci, S. Ivaldi, M. Raberto
DIBE-CINEF, University of Genoa, Italy.

Since early nineties, worldwide production and distribu-
tion of electricity has been characterized by a progressive
liberalization. The state-owned monopolistic production
of electricity has been substituted by organized power ex-
changes. Power exchanges are markets which aggregate
the effective supply and demand of electricity. Spot-price
markets are usually Day Ahead Market and are requested
in order to provide an indication for the hourly unit com-
mitment. This first session of the complex daily energy
market collects and orders all the offers, determining the
market price by matching the cumulative demand and
supply curves for every hour of the day after according to
a merit order rule. Subsequent market sessions operate in
order to guarantee the feasibility and the security of this
plan. The electric market is usually characterized by a re-
duced number of competitors, thus oligopolistic scenario
may arise. Understanding how electricity prices depend
on behavior of the suppliers and on production costs has
become particularly important. Main goal is to increase
the overall market efficiency, trying to study, to develop
and to apply different market mechanisms. Auction de-
sign is the standard domain for commodity markets and
the properties of different auction mechanism must be
studied and determined correctly before their appliance.
In this work, the nature of the clearing mechanism is in-
vestigated comparing two different methods, i.e., discrim-
inatory and uniform auctions. The theoretical framework
used to perform the analysis is the theory of learning in
games. The demand is considered inelastic and sellers
use learning algorithms to understand proper strategies
for increasing their profits. The auction mechanism is
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modeled in two different duopolistic scenarios, i.e., a low
demand situation, where a single seller can clear all the
demand, and a high demand condition, where all sellers
are requested involved in the clearing. Moreover, hetero-
geneity in the cost function is considered.

[1] E. Guerci, S. Ivaldi, S. Pastore, and S. Cincotti, Phys-
ica A 355 (2005), 69-76.
[2] S. Cincotti, E. Guerci, and M. Raberto, 3rd SPIE In-
ternational Symposium on Noise and Fluctuations (IEEE,
Austin-TX, 2005).
[3] S. Cincotti, E. Guerci, and M. Raberto, 11th

International Conference on Computing in Economics
and Finance (Society of Computational Economics,
Washington-DC, 2005).

κ-generalized statistics in personal
income distribution.

F. Clementi1, M. Gallegati1, G. Kaniadakis2

1 Department of Economics, Università Politecnica delle Marche,

Piazzale Martelli 8, 60121 Ancona, Italy.
2 Department of Physics, Politecnico di Torino, Corso Duca degli

Abruzzi 24, 10129 Torino, Italy.

The distribution function y{κ} (x) = exp{κ} (−βxα), be-

ing exp{κ} (x) =
�√

1 + κ2x2 + κx
� 1

κ the κ-exponential
function [1–3], with α > 0, β > 0 and 0 ≤ κ < 1,
is considered in order to analyze the data on personal
income distribution for USA and some EU nations [4–
6]. The above defined distribution is a continuous one-
parameter deformation of the stretched exponential func-
tion y{0} (x) = exp (−βxα)—which recovers in the limit
κ → 0—behaving in very different way in the x → 0 and
x →∞ regions. Its bulk is very close to the stretched ex-
ponential one, y{0} (x), while its tail decays following the

Pareto power-law, i.e. (2κβ)−
1
κ x−

α
κ . This makes the

κ-generalized distribution function y{κ} (x) particularly
suitable to describe simultaneously the income distribu-
tion among both the richest part and the vast majority of
the population, generally fitting different curves. A high
quality agreement is found between our theoretical model
and the observational data on personal income over their
entire range.

[1] G. Kaniadakis, Physica A 296 (2001), 405.
[2] G. Kaniadakis, Phys. Rev. E 66 (2002), 056125.
[3] G. Kaniadakis, Phys. Rev. E 72 (2005), 036108.

[4] F. Clementi, T. Di Matteo and M. Gallegati, Physica
A (2006), in press.
[5] F. Clementi and M. Gallegati, in A. Chatterjee, S.
Yarlagadda and B.K. Chakrabarti,

Editors, Econophysics of Wealth Distributions
(Springer-Verlag Italia, Milan, 2005), 3.
[6] F. Clementi and M. Gallegati, Physica A 350 (2005),
427.

The price of risk in insurance.

M.M. Dacorogna
Converium Ltd, General Guisan - Quai 26, 8022 Zurich, Switzer-

land.

Insurance is one of the means invented by society to pro-
tect itself from the economic consequences of risk incurred
in daily activities. By defining risk as the uncertainty of
a current decision or situation, one can calculate a price
for that risk. From early in the history of the industry,
insurers have used mathematical models based on prob-
ability theory to evaluate risk and to price their policies
accordingly.
In recent years, deregulation and an increase number of
catastrophes have forced the industry to rethink its ap-
proach to risk and the way in which it creates economic
value. With the help of computers, it is now possible to
use realistic risk models through which insurers can price
policies and evaluate the performance of their portfolios.
Starting from a simple example, we show the different
components used to compute the price of risk. This ex-
ample allows us to explain the central role played by cap-
ital in insurance. We discuss the different risk measures
used to determine risk based capital (RBC) and define the
necessary conditions required to gain a coherent measure
of risk. Using this technique, we present a capital allo-
cation method based on an estimation of the probability
distribution of the profits of an entire portfolio. Finally,
we show how, by using copula to model the dependence
between risks, it is possible to compute the price of a par-
ticular risk in the context of an entire portfolio and how
this relates to the way financial markets price risk.
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Vanishing price predictability in a
simulated limit order book.

G. Daniel1,2, A. Cappellini1,3

1 ISI Foundation Torino, Italy 2 School of Computer Science,

University of Manchester, UK.
3 Faculty of Economics, University of Torino, Italy.

With high-frequency data increasingly accessible to schol-
ars, traders intraday activity has become a major sub-
ject of research attention in the last few years. Market
microstructure was showed to be relevant [1,2] and the
most pervasive of all, the limit order book, was investi-
gated more closely, leading to the discovery of new, high-
frequency stylised facts [3,4,5]. A few phenomenological
and “empirical behavioral” models started to appear [6,7].
We present in this paper an agent-based simulation of
artificial stock market implementing a limit order book
(continuous double auction), which we check against high-
frequency stylised facts. In contradiction with the weak
form of the Efficient Market Hypothesis, the book im-
balance appears to be a reliable predictor of future price
changes, even when the market is exclusively populated
with zero-intelligence traders. This level of predictability
introduced by the order book is used to devise a trading
strategy that consistently outperforms the buy-and-hold
strategy on unseen data.
We then introduce in our simulations such smart traders
and check whether the level of predictability persists or, as
conjectured by the EMH, vanishes when being exploited.

[1] C.A.E. Goodhart and M. O’Hara, Journal of Empiri-
cal Finance 4 (1997), 73-114.
[2] M. O’Hara, Financial Management 28 (1999).
[3] J-P. Bouchaud, M. Mezard, and M. Potters, Statisti-
cal properties of stock order books: empirical results and
models, Science & Finance (CFM) working paper archive,
arXiv:cont-mat/0203511 (2002).
[4] M. Potters, and J-P. Bouchaud, More statistical prop-
erties of order books and price impact, Science & Finance
(CFM) working paper archive, arXiv:cont-mat/0210710
(2002).
[5] E. Scalas, Waiting times between orders and trades in
double-auction markets, WEHIA 2005 (2005).
[6] H. Luckock, Quantitative Finance 3 (2003), 385-404.
[7] S. Mike and J. D. Farmer, An Empirical Behavioral
Model of Price Formation, Working paper (2005).

Proposal of a new SI base unit for
value – An hedonic estimation of the
Physical Purchasing Power (PhPP) of
money.

S. Defilla
Swiss State Secretariat for Economic Affairs, Bern.

Purchasing power comparisons between currencies are
usually based upon consumer baskets. Such baskets are
variable phenomena and their use as numeraire (= value
measurement unit) confuses a measurement unit with a
measurement result and creates inconsistencies. The the-
oretically correct choice of a numeraire is shown to be
the value of a one-time consumable scalar having mini-
mal quality variation and non-zero market price. A good
example is the value of the Economist’s Big Mac, except
for its link with a particular life style. This example can
be generalized to any possible life style or, beyond the
human domain, to any living organism by using the ob-
jective process value of energy as numeraire. This choice
allows to propose an invariant SI (= metric) value unit
based on the value of Planck energy (1956.1 MJ). Planck
units form a natural system of units that is independent
of culture or civilization. We propose to name this value
unit walras (Wal) in honour of the economist L. Wal-
ras. One Wal is also shown to equal the annual cost of
physiological energy consumption of a reference person
at minimal activity, i.e. an annual minimum cost of life.
The study uses official disaggregated Swiss Producer and
Consumer Price Index data and estimates the hedonic
numeraire price (HNP) and its inverse, the physical pur-
chasing power (PhPP), of the Swiss franc in 2003.

Money, space, and time.

C. Deissenberg
Université de la Méditerranée and GREQAM, France.

The emergence of intrinsically worthless token as “fiat
money” is inherently connected with the fact that ex-
changes are local in space and time. In this paper, a
dynamic network model of production and exchange is
proposed in which commodities are locally transformed
into other sets of commodities according to standard pro-
duction technologies. The topology of the exchange net-
work imposes the use of fiat money. The exchange process
is shown to generate complex oscillations with multiple
time-scales. Furthermore, it leads to local concentrations
of wealth.
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An analysis of the Italian interbank
money market based on graph theory

G. De Masi1, G. Iori2, G. Caldarelli3

1Dipartimento di Fisica, Universitá dell’Aquila, Via Vetoio, 67010

Coppito (Aq), Italy.
2Department of Economics, City University, Northampton

Square,EC1V 0HB London, U.K.
3Dipartimento di Fisica, Universitá di Roma La Sapienza, P.le A.

Moro 5, 00185 Roma, Italy.

Graph theory provides useful tools to analyse systems of
heterogeneous interacting agents and to represent their
dynamical evolution. We analyse here the microstructure
of the Italian Interbank Money Market [1]. We represent
the Interbank market as a network [2], analysing the topo-
logical properties and their evolution [2],[3]. We propose
a model to reproduce the structure of the network, com-
paring experimental and numerical data [4]. This model
provides some insights into the organizational principles
of this system.

[1] Data are taken from the Italian electronic broker mar-
ket MID (Market for Interbank Deposits) is run by e-MID
S.p.A. Societá Interbancaria per l’Automazione (SIA),
Milan.
[2] G. Iori , G. De Masi, O. Precup, G. Gabbi and G. Cal-
darelli, The microstructure of the Italian interbank money
market, Journal of Economic Dynamic and Control, in
press.
[3] G. Iori, G. De Masia and R. Reno, Trading strategies
in the Italian Interbank Money Market, in preparation.
[4] G. De Masi, G. Iori and G. Caldarelli, Banks commu-
nities in the Liquidity Market, submitted.

Contagion effects in a chartist-
fundamentalist model with time delays.

G. Dibeh
Department of Economics, Lebanese American University, P.O.

Box 36, Byblos, Lebanon.

The correlation of asset prices across financial markets is
one of the stylized facts of financial markets. Asset price
correlations can be a source of contagion dynamics across
assets and markets leading to the coupling of financial
cycles and to the spread of crash dynamics across mar-
kets. The chartist-fundamentalist model of speculative
markets has been successful in explaining market fluc-
tuations, speculative bubbles and crashes. Varieties of
the model combine herding behavior, trend following and

feedback effects. In this paper, the extension of such mod-
els into multi-asset markets is investigated. Two mod-
els of speculative markets are developed to study the ef-
fects of feedback mechanisms in financial markets. The
models are an extension of the chartist-fundamentalist
model in G. Dibeh “Speculative Dynamics in a Time De-
lay Model of Asset Prices,” Physica A 355 (1), 2005, 199-
208, which models speculative asset markets using delay-
differential equations (DDEs) which allow the modeling
of time lags in financial markets. In the first model,
a two-asset market is considered. The first market is
a chartist-fundamentalist model with a linear DDE ex-
hibiting damped oscillatory motion where the price con-
verges to the fundamental price. The second market is
represented by a market index modeled as a log-periodic
process as introduced by D. Sornette. The crash mar-
ket model couples the linear model with the log-periodic
market index I(t) through direct coupling. Numerical so-
lutions to the model show that the asset price exhibits
significant persistence as a result of the coupling to the
log-periodic index. Moreover, an extension that includes
endogenous wealth dynamics shows that the chartists
clearly benefit from the persistent dynamics induced by
the coupling. The chartists’ share of wealth follows os-
cillatory motion with large periods where the chartist’s
wealth share is maintained at high levels. This lends the-
oretical support for the empirical fact that speculators
are drawn into speculative markets.The second model is
a two-asset model represented by a 2-dimensional DDE.
Asset one price exhibits limit cycle dynamics while in the
second market asset prices follow stable damped oscilla-
tions. The price of asset two converges to the fundamental
price. The markets are then coupled through a diffusive
coupling term. Solutions to the coupled model show that
the dynamics of asset two changes fundamentally with
the price now exhibiting also a limit cycle. The stable
converging dynamics is replaced with limit cycle oscilla-
tions around the fundamental. This qualitative change in
dynamical behavior shows that coupling and contagion
between different markets can lead to the transmission of
fluctuations across financial markets.

Financial correlation based networks.

T. Di Matteo1, T. Aste1, M. Tumminello2,
R.N. Mantegna2

1 Department of Applied Mathematics, The Australian National

University, 0200 Canberra, ACT, Australia.
2 INFM - Dipartimento di Fisica e Tecnologie Relative, Universita

di Palermo, Viale delle Scienze, Palermo, I-90128, Italy.

In Ref. [1] we introduced a novel method to generate
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networks by means of their embedding on hyperbolic
surfaces and we showed that the genus (number of sur-
face handles) is a good measure to characterize and con-
straint the network-complexity. This method can be con-
veniently used to filter relevant information from com-
plex systems of several interacting elements generating
correlation-based skeleton networks. This is a filtering
procedure which can be tuned up to any desired level
of complexity by controlling the genus of the resulting
network. We have shown in Ref.[2] that this procedure
determines a family of graphs having the same hierarchi-
cal properties of the Minimum Spanning Tree (MST) but
comprising a larger number of links and allowing closed
loops. The amount of filtered information with respect to
the one present in the MST increases by increasing the
genus. A substantial step in the amount of additional
filtered information is achieved already in the case of pla-
nar embedding (genus = 0). In this talk we will introduce
this filtering correlation procedure and we will show its
application to different financial data sets.

[1] T. Aste, T. Di Matteo and S. T. Hyde, Physica A 346
(2005), 20.
[2] M. Tumminello, T. Aste, T. Di Matteo, R.N. Man-
tegna, PNAS 102 (2005), 10421.

On the integrated behaviour of non-
stationary volatility in stock markets.

A. Dionisio1, R. Menezes2, D.A. Mendes3

1 University of Evora, Center of Business Studies, CEFAGE-UE,

Largo Colegiais, 2, 7000 Evora, Portugal.
2 ISCTE, Department of Quantitative Methods, Av. Forcas

Armadas, 1649-026 Lisboa, Portugal.
3 ISCTE, Department of Quantitative Methods, Av. Forcas

Armadas, 1649-026 Lisboa, Portugal.

The persistence of stock price volatility is a well-known
stylized fact in the financial literature. Much of the em-
pirical tests of volatility presented in the literature rely
on the standard GARCH approach proposed by Bollerslev
and Wooldrigde (1992), and often produce evidence that
the conditional volatility is not only highly persistent but
also asymmetric. This has triggered a large amount of
research on asymmetric conditional volatility modeling,
and several asymmetric models are now widely used in
the empirical literature. However, the stock price volatil-
ity may also present some attributes that are typically
non-stationary, an issue that requires the consideration
of a special class of conditional heteroskedasticity models
based on the IGARCH specification proposed by Engle

and Bollerslev (1986). Under this specification, there is
no need to differenciate the series when they prove to
be non-stationary in order to apply the conditional het-
eroskedasticity models, thus retaining the richness of in-
formation contained in the original series.
The main purpose of this paper is to study the relation-
ship of the volatility between several international stock
market indexes, namely the S&P 500 (USA), the Nikkei
(Japan), the PSI 20 (Portugal), the CAC 40 (France), the
DAX 30 (Germany), the FTSE 100 (UK), the IBEX 35
(Spain) and the MIB 30 (Italy), in the context of non-
stationarity. We use the daily closing prices of these in-
dexes to perform our tests and to present the empirical
results.
A number of models were tested in our work in order
to compare the results. We applied Johansen tests (Jo-
hansen, 1988) for cointegration between non-stationary
variables, as well as tests for weak exogeneity (Johansen
and Juselius, 1990). The results were then compared to
those obtained by the Granger causality tests in order to
get evidence on the strong exogeneity of the variables. Be-
sides, a stochastic integrated conditional heteroskedastic-
ity specification based on IGARCH and FIGARCH (Med-
dahi and Renault, 2004) models was also attempted in or-
der to capture the likely non-stationary attribute of the
series under the context of conditional volatility.
Our empirical results point to the evidence of the exis-
tence of integrated behaviour among several stock market
indexes of different dimensions. It seems, therefore, that
the behaviour of these markets tends to some uniformity
in terms of risk, which can be interpreted as the existence
of a similar behaviour facing to shocks that may affect the
worldwide economy. Whether this is a cause or a conse-
quence of market globalization is an issue that may be
stressed in future work.

[1] T.P. Bollerslev and J. M. Wooldridge, Econometric
Reviews, 11 (1992), 143-172.
[2] R Engle and T.P. Bollerslev, Econometric Reviews, 5
(1986), 1-50.
[3] S. Johansen, Journal of Economic Dynamics and Con-
trol, 12 (1988), 231-254.
[4] S. Johansen and K. Juselius, Oxford Bulletin of Eco-
nomics and Statistics 52 (1990), 169-21.
[5] N. Meddahi and Renault, Journal of Econometrics 119
(2004), 355-379.
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Does detrending matter for output
growth-rate distributions? A cross-
country empirical investigation.

G. Fagiolo1, M. Napoletano2, A. Roventini3

1 University of Verona, Italy and Sant’Anna School of Advanced

Studies, Pisa, Italy.
2 Polytechnic University of Marche, Ancona, Italy and Sant’Anna

School of Advanced Studies, Pisa, Italy.
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The paper investigates the statistical properties of output
and industrial production (IP) growth-rate distributions
by employing both parametric and non-parametric tech-
niques.
Many empirical contributions (e.g. Bottazzi and Secchi
[2,3]; Castaldi and Dosi [6]) have recently pointed out
that growth rates follow a Laplace distribution at dif-
ferent levels of aggregation (i.e., at firm-, industry- and
country-level). According to this robust empirical reg-
ularity, growth patterns tend to be lumpy, displaying
relatively frequent ‘big’ – negative or positive – growth
events. At a more theoretical level, the ‘stylized fact’
points to the decisive role played by heterogeneity and
path-dependency in characterizing firm growth dynam-
ics, which in turn impact on aggregate growth processes
(see e.g. Castaldi and Dosi [6]).
Following this line of research, we test whether output
and IP growth rates can be approximated by a Laplace
distribution. Furthermore, we ask whether our results are
robust to alternative ways of detrending output and IP
series. Indeed, it is well-known that different detrending
techniques (e.g. first difference, Hodrick and Prescott [8]
and bandpass filters) affect both qualitative and quanti-
tative stylized facts of the business cycle (Canova, [4,5]).
We carry out our analysis fitting growth rates with the
Subbotin family of densities (more on that in Bottazzi and
Secchi [2,3]). The Subbotin distribution is characterized
by three parameters: a shape parameter b, a positioning
parameter m and a scale parameter a. The b parameter
gives information about the fatness of the distribution
tails: the higher is the parameter, the thinner are the
tails. Note that for b = 1 the distribution reduces to a
Laplace, whereas for b = 2 to a Gaussian.
We begin by considering U.S. output growth-rate distri-
butions. We find that the detrending technique employed
does affect the distribution of U.S. GDP growth rates.
First-differenced growth rates seem to follow a Laplace,
bandpass-filtered growth rates appear to distribute ac-
cording to a Gaussian, whereas the results obtained em-
ploying the Hodrick-Prescott (HP) filter are mixed.
We then consider U.S. industrial production growth-rate
distributions. This choice allows us to explore a longer
time-span and to employ monthly observations. Our em-
pirical results show that IP growth rates distribute ac-

cording to a Laplace when the first difference filter is em-
ployed. In the other cases, b ranges from 1.20 (Christiano
and Fitzgerald filter [7]) to 1.74 (Baxter and King filter
[1]).
Finally, we perform a cross-country analysis estimating
IP growth-rate distributions for twelve developed coun-
tries (i.e. Canada, the U.S., Japan, Belgium, Denmark,
France, Germany, Italy, Netherlands, Spain, Sweden, and
the U.K.). We find that in many countries the IP growth
rates obtained from the first difference filter distribute
according to a Laplace. The estimates of b range from
1.65 (Canada) to 0.81 (Denmark). With the exception
of Canada and the U.S., first difference has always the
lowest b among the filters. When data are detrended
with the HP filter, the estimates of b ranges from 1.24
(Canada and the U.S.) to 2.37 (Japan). In six out twelve
countries, the b estimated from HP filtered data are lower
than the ones obtained from bandpass filtered data. Sim-
ilar results are obtained when the Baxter-King filter is
employed. Indeed, estimates go from 1.20 (Spain) to 2.76
(Sweden). In seven countries, the tails of the Subbotin
densities are not fatter than the ones of the Gaussian dis-
tribution. Christiano-Fitzgerald filtered data distribute
according to a Subbotin distribution with b ranging from
1.10 (the U.S.) to 3.95 (Belgium). Moreover, in eight out
twelve countries b > 2.

[1] M. Baxter and R. King, ”Measuring Business Cy-
cle: Approximate Band-pass Filter for Economic Time
Series”, Review of Economics and Statistics 81, 575-93
(1999).
[2] G. Bottazzi and A. Secchi, ”Common Properties and
Sectoral Specificities in the Dynamics of U.S. Manufac-
turign Firms”, Review of Industrial Organization 23 217-
32 (2003).
[3] G. Bottazzi and A. Secchi, ”Why are Distribution
of Firm Growth Rates Tent-Shaped?”, Economic Letters
80, 415-20 (2003).
[4] F. Canova, ”Detrending and Business Cycle Facts”,
Journal of Monetary Economics 41, 472-512 (1998).
[5] F. Canova, ”Does Detrending Matter for the Determi-
nation of the Reference Cycle and the Selection of Turning
Points?”, Economic Journal 109, 126-50 (1999).
[6] C. Castaldi and G. Dosi, ”Income Levels and Income
Growth. Some New Cross-Country Evidence and Some
Interpretative Puzzles”, Working Paper 2004/18, Labora-
tory of Economics and Management (LEM), Sant’Anna
School of Advanced Studies, Pisa, Italy (2004).
[7] L. Christiano and T. Fitzgerald, ”The Band Pass Fil-
ter”, International Economic Review 44, 435-65 (2003).
[8] R. Hodrick and E. Prescott, ”Post-war U.S. Busi-
ness Cycles: An Empirical Investigation”, Working pa-
per, Carnegie-Mellon University (1981).
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A quantitative explanation of the dis-
tribution of price returns.

D. Farmer
Santa Fe Institute, USA.

At this point there are a wide variety of models that pur-
port to explain heavy tails and clustered volatility in price
formation. Which of these models, if any are correct? I
will present a very simple agent based model, which for
some stocks provides a good prediction of the magnitude
and form of the full return distribution, as well as the dis-
tribution of spreads. It is a simple agent based model in
which each component can be directly calibrated based on
data on order placement. This model supports the con-
clusion of several other studies that liquidity fluctuations
are the dominant immediate cause of volatility.

Asymmetric conditional volatility in
international stock markets.

N. Ferreira1, R. Menezes2, D.A. Mendes3

1 ISCTE, Department of Quantitative Methods, Av. Forcas

Armadas, 1649-026 Lisboa, Portugal.
2 ISCTE, Department of Quantitative Methods, Av. Forcas

Armadas, 1649-026 Lisboa, Portugal.
3 ISCTE, Department of Quantitative Methods, Av. Forcas

Armadas, 1649-026 Lisboa, Portugal.

Recent studies show that a negative shock in stock prices
will generate more volatility than a positive shock of sim-
ilar magnitude. The aim of this paper is to appraise the
hypothesis under which the conditional mean and the con-
ditional variance of stock returns are asymmetric func-
tions of past information. We compare the results for
the Portuguese Stock Market Index PSI 20 with six other
Stock Market Indices, namely the S&P 500, FTSE 100,
DAX 30, CAC 40, ASE 20, and IBEX 35. In order to
assess asymmetric volatility we use autoregressive condi-
tional heteroskedasticity specifications known as TARCH
and EGARCH. We also test for asymmetry after control-
ling for the effect of macroeconomic factors on stock mar-
ket returns using TAR and M-TAR specifications within
a VAR framework. Our results show that the conditional
variance is an asymmetric function of past innovations
raising proportionately more during market declines, a
phenomenon known as the leverage effect. However, when
we control for the effect of changes in macroeconomic vari-
ables, we find no significant evidence of asymmetric be-
haviour of the stock market returns. There are some signs
that the Portuguese Stock Market tends to show some-
what less market efficiency than other markets since the

effect of the shocks appear to take a longer time to dissi-
pate.

[1] T. Bollerslev, Journal of Econometrics 31 (1986), 307-
327.
[2] R. Engle and T.P. Bollerslev Econometric Reviews, 5
(1986), 1-50.
[3] W. Enders and P.L. Siklos, Journal of Business and
Economic Statistics 19 (2001), 166-77.
[4] L.R. Glosten, R. Jagannathan, and D.E. Runkle, 48
(1993), 1779-1801.
[5] S. Johansen, (Oxford University Press, 1995).
[6] D.E. Rapach, Journal of Economics and Business, 5
(2001), 5-26.
[7] J. M. Zakoian, Manuscript, CREST, INSEE, 1990,
Paris.

Why has CEO pay increased so much?

X. Gabaix1, A. Landier
1 Department of Economics, MIT, USA.

This paper develops a simple competitive model of CEO
pay. A large part of the rise in CEO compensation in the
US economy is explained without assuming managerial
entrenchment, mishandling of options, or theft. CEOs
have observable managerial talent and are matched to as-
sets in a competitive assignment model. Under very gen-
eral assumptions, using results from extreme value the-
ory, the model determines the level of CEO pay across
firms and over time, and the pay-sensitivity relations.
The model predicts a cross-sectional constant-elasticity
relation between pay and firm size. It also predicts that
the level of CEO compensation should increase one for
one with the average market capitalization of large firms
in the economy. Therefore, the six-fold increase of CEO
pay between 1980 and 2003 can be fully attributed to the
six-fold increase in market capitalization of large US com-
panies. The model can also be used to study other large
changes at the top of the income distribution, and offers
a benchmark for calibratable corporate finance. We find
a minuscule dispersion of CEO talent, which nonetheless
justifies large pay differences. The evidence is broadly
supportive of our model. The size of large firms explains
many of the patterns in CEO pay, across time, across
firms and across countries.
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Modeling price impact across stocks.

X. Gabaix1, P. Gopikrishnan, V. Plerou, H.E. Stanley
1 Department of Economics, MIT, USA.

We present a theory of the price impact of a trade, a sub-
ject that has received a great deal of attention in econo-
physics. It shows how the price impact varies with the size
of the trade, the volatility of the stock, the daily volume
traded for the stock.

[1] X. Gabaix, P. Gopikrishnan, V. Plerou, and H.E. Stan-
ley, Quarterly Journal of Economics 121, 461 (2006).
[2] X. Gabaix, P. Gopikrishnan, V. Plerou, and H.E. Stan-
ley, Nature 423, 267 (2003).

Overlapping generations models, ge-
netic algorithms and Markov processes.

J. Gaffney, C. Pearce
University of Adelaide, Australia.

The overlapping generations model of Diamond (1965)
describes the aggregate behaviour of individuals in a two-
period economy. Diamond considers an economy consist-
ing of individuals who live for two periods. Hence at any
point of time there are two generations, the young and the
old. Individuals maximize their utility (arising from their
consumption decisions) over their two-period life. The de-
cisions of individuals who save in their youth to finance
consumption during retirement give rise to the aggregate
behaviour of the economy in this model. For simulation
studies of Diamond-type models using a genetic algorithm
(GA), the assumption that individuals maximize utility
is relaxed. Instead it is assumed individuals use a GA to
arrive at their utility decisions. In current terminology
we might say that a GA is used to model the adaptive
behaviour of a population of boundedly rational agents.
In this paper we discuss recent GA studies of Diamond-
type overlapping generations models. We describe the
Markov chain structure of the system of GA and model.
Simulation studies can only suggest results and a mathe-
matical theory is need to confirm them. The central fea-
ture of Diamond-type models is that they include inter-
generational interactions. These models provide insight
into how consumption decisions made by individuals in
their youth impact on co-existing older people and also
on their consumption when old. Diamond-type overlap-
ping generations models are hence relevant to the area of
finance concerned with superannuation and it is impor-
tant we sort out their structure.

[1] P. Diamond, American Economic Review 55 (1965),
1126-1150.

Obtaining probability densities of
econometric time series with the
Wigner distribution.

L. Galleani1, L. Cohen
1 Dipartimento di Elettronica - Politecnico di Torino, Corso duca

degli Abruzzi, 24 I-10129 Torino, Italy.
2Hunter College, City University of New York, 695 Park Avenue,

10021 New York, NY.

Econometric time series are often modeled using random
processes. Among the many possible applications, using
such models one can estimate the probability that the
random process will be constrained within given bounds
at a certain time. This fundamental information can be
also obtained from the Wigner distribution of the random
process. We will show how to do it by considering the
random process as the solution of a stochastic differential
equation.

Emergent macroeconomics.

M. Gallegati et al.
Universitá Politecnica delle Marche, Ancona, Italy.

This paper considers an economy populated by firms,
workers/consumers, and banks, who undertake decisions
at discrete times on the markets for an homogeneous
non-storable consumption good, credit and labor services.
Each firm is run by a single manager, and all of them
share the following two characteristics. First, they use
bounded rational decision rules, in that they choose prices
and quantities in an adaptive way by looking at their most
recent past. Second, managers may finance their operat-
ing costs either from internal funds or by borrowing on
the credit market. Asymmetric information generates a
constraint on how much a firm can borrow on the equity
market (for the sake of simplicity we assume that there is
not an equity market).
All the markets are characterized by decentralized search
and matching processes. Interaction and adjustment in-
volve dynamics at the individual level and is not a fixed
point (it is complex). Macroscopic regularities emerge
from the interactions of the agents: microequilibrium is
sufficient to have macroequilibrium, but it is not neces-
sary at agent based level, where there are fluctuations,
continuous adaptation and adjustement to one another.
Heterogeneous Interacting Agents models do not require
that every element is in equilibrium, but rather that the
aggregate is quasi-stable, i.e. in “[. . .] a state of macroeco-
nomic equilibrium maintained by a large number of tran-
sitions in opposite directions”. It is a dynamic network
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of many agents acting in parallel, constantly acting and
reacting to what the other agents are doing. If there
is to be any coherent behavior in the system, it has to
arise from competition and cooperation among the agents
themselves. The overall behavior of the system is the re-
sult of a huge number of decisions made every moment
by many individual agents.
Thus, due to the absence of market-clearing mechanisms
the economy is characterized by the contemporaneous
presence of persistent involuntary unemployment, unsold
production and excess individual demand.
The sequence of events occurring in each period runs as
follows: Starting from the demand it expects to face,
each operating firm determines the amount of output to
be produced, the amount of labor to be hired and the
amount of credit to be borrowed. Expectations on future
demand are updated adaptively. A fully decentralized la-
bor market opens. Firms set their wage bids (actually
each of them sets a maximum wage, as a function of its
own financial soundness), and post their vacancies on the
basis of their labor demand. Workers, in turn, accept
a job only if the wage they are offered is higher than
their individual “satisficing” wage. A sequential match-
ing procedure determines whether unfilled vacancies and
unemployed workers remain after the labor market has
closed. If internal financial resources are in short supply
for paying wages, firms can borrow on the credit mar-
ket. Individual demand for credit is a straight line up to
a maximum rate she can afford. The supply of loan of
each bank is also a straight line above a minimum rate
of interest the bank sets as a function of the expected
inflation, the rate of discount and the bank financial con-
ditions. The individual supply is proportional to bank’s
capital. The borrowers’ demand are ranked according to
firms’ financial conditions. After production is completed,
the market for goods opens. Firms post their offer price,
while consumers are allowed to muddle through searching
for a satisfying deal. If a firm ends up with excess supply,
it gets rid of the unsold goods at zero costs.
An empirical analysis on European data closes the paper.

Cross correlations and multifractal
properties of ukraine stock market.

V. Derbentsev, A. Ganchuk, V. Soloviev
Department of Economical Cybernetics Kryviy Rih Economic

Institute Kyiv National Economic University, Kryviy Rig, Ukraine.

Recently the statistical characterizations of financial mar-
kets based on physics concepts and methods attract con-
siderable attentions. The correlation matrix formalism
and concept of multifractality are used to study temporal

aspects of the Ukraine Stock Market evolution. Random
matrix theory (RMT) is carried out using daily returns of
431 stocks extracted from database time series of prices
the First Stock Trade System index (www.kinto.com) for
the ten-year period 1997-2006. We find that a majority
of the eigenvalues of C fall within the RMT bounds for
the eigenvalues of random correlation matrices. We test
the eigenvalues of C within the RMT bound for universal
properties of random matrices and find good agreement
with the results for the Gaussian orthogonal ensemble of
random matrices—implying a large degree of randomness
in the measured cross-correlation coefficients. Further, we
find that the distribution of eigenvector components for
the eigenvectors corresponding to the eigenvalues outside
the RMT bound display systematic deviations from the
RMT prediction. We analyze the components of the de-
viating eigenvectors and find that the largest eigenvalue
corresponds to an influence common to all stocks. Our
analysis of the remaining deviating eigenvectors shows
distinct groups, whose identities correspond to conven-
tionally identified business sectors. Comparison with the
Mantegna minimum spanning trees method gives a satis-
factory consent. The found out the pseudoeffects related
to the artificial unchanging areas of price series come into
question
We used two possible procedures of analyzing multifrac-
tal properties of a time series. The first one uses the
continuous wavelet transform and extracts scaling ex-
ponents from the wavelet transform amplitudes over all
scales. The second method is the multifractal version
of the detrended fluctuation analysis method (MF-DFA).
The multifractality of a time series we analysed by means
of the difference of values singularity stregth (or Holder
exponent) αmax and αmin as a suitable way to charac-
terise multifractality. Singularity spectrum calculated
from daily returns using a sliding 250 day time window in
discrete steps of 1. . . 10 days. We discovered that changes
in the multifractal spectrum display distinctive pattern
around significant “drawdowns”. Finally, we discuss ap-
plications to the construction of crushes precursors at the
financial markets.

Network analysis of the World Trade
Web.

D. Garlaschelli
Dipartimento di Fisica, Università di Siena, Via Roma 56, 53100

Siena ITALY.

We report an empirical analysis and a theoretical investi-
gation of the topological and dynamical properties of the
World Trade Web (WTW), the network defined by the in-
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ternational import/export trade relationships among all
world countries [1,2]. The WTW is a network representa-
tion of the global trade activity, where each country is rep-
resented by a vertex and the flow of money between two
trading countries is represented by a directed weighted
link between them. Our analysis is based on a data set
reporting the trade flow for all pairs of countries for all
years between 1950 and 2000.
The recent advances in network theory allow us to char-
acterize the topology of the WTW quantitatively and to
detect structural properties which are of interest for the
behaviour of the world economy. We focus on both static
and dynamical properties of the WTW; in both cases we
find that the properties of the network are strongly related
to the Gross Domestic Product (GDP) of world countries
[1,2,3]. We discuss several aspects of these results and
show how the tools of statistical mechanics help us unveil
unexpected regularities in the network. The consequences
of this analysis for the understanding of the evolution of
the global trade activity are discussed.

[1] D. Garlaschelli and M.I. Loffredo, Fitness-dependent
topological properties of the World Trade Web, Physical
Review Letters 93 (2004), 188701.
[2] D. Garlaschelli and M.I. Loffredo, Structure and Evo-
lution of the World Trade Network, Physica A 355 (2005),
138.
[3] D. Garlaschelli and M.I. Loffredo, Patterns of link reci-
procity in directed networks, Phys. Rev. Lett. 93 (2004),
268701.

Artificial financial markets with
continuous-time random walks.
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We present the framework for the simulation of artifi-
cial financial markets on a parallel computer architec-
ture. Synthetic intraday high frequency financial time
series are generated by Monte Carlo for all assets traded
on a stock exchange and used e.g. for speculative op-
tion valuation. The phenomenological model for the time
series is a continuous-time random walk [1,2].

[1] E. Scalas, R. Gorenflo, F. Mainardi, Phys. Rev. E 69
(2004), 011107.
[2] E. Scalas, R. Gorenflo, H. Luckock, F. Mainardi, M.
Mantelli, M. Raberto, Quant. Finance 4 (2004), 695.

A cluster-based analysis of some
macroeconomic indicators in various
time windows.

M. Gligor1,2, M. Ausloos2

1 National College ”Roman Voda”, Roman-5550 Neamt, Romania.
2 S.U.P.R.A.T.E.C.S., B5 Sart Tilman, B-4000 Liège, Euroland.

A cluster type analysis of the time evolution of some
macroeconomic indicators was developed in order to or-
ganize observed data into meaningful structures, in par-
ticular the time evolution of Gross Domestic Product
(GDP), Consumer Price Index (CPI) and Gini Coefficient
for the 15 West European countries of the EU before 2004.
The method used was the moving average minimum path
length, i.e. constructing the MPL clusters starting from
an ”average” country, introduced for every time window
investigated. For different time window sizes the statis-
tical properties of length distributions were analyzed and
the ”globalization” effect, i.e. the decrease of mean dis-
tance was observed in the 5 years time size window when
moved over 1994-2005 with a 1 year step. The aims of
choosing the above macroeconomic indicators are multi-
fold: firstly, the time evolution of GDP represents in fact
the time variation of total wealth, which can not be con-
sidered constant especially in the industrialized societies,
whose evolution is principally based on the production
processes; secondly, the time evolution of CPI allows to
take into account the inflationary mechanisms, which lead
to non conservation of the total monetary mass and in
turns influence the individual wealth; thirdly, the govern-
mental policy exerts a strong influence over both GDP
and CPI that results in various wealth distributions. The
evidences of large ranges of Gini coefficients and the simi-
larity in hierarchical patterns found in the time evolution
of the above macroeconomic indicators open the way for
using appropriate theoretical tools in explaining these re-
sults, such as the stochastic kinetic equation in the pres-
ence of external fields and the multivariate nonextensive
linear response theory.
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Multifractal and wavelet analysis of
temporal variations of the market stock
indexes.

S.V. Ambrosov1, A.V. Glushkov1, V.N. Khokhlov2

1 Institute for Applied Mathematics, Odessa Univ., P.O.Box 24a,

Odessa-9, 65009, Ukraine.
2Odessa OEU University.

The purpose of this paper is to carry out an analysis of
temporal variations of the market stock indexes of the
type as follows: Germany’s Xetra Dax index, PE FTSE
Eurofirst 300 one, Nikkei 225 S&P500 during the quite
long temporal interval (including seven and more years
per day, week, month) and to find the corresponding
multi-fractal features. Since last decades, many scien-
tists use the new powerful tool based on the wavelet de-
composition for analyzing various signals series, includ-
ing financial ones [1]. At present, the family of analyz-
ing function dubbed wavelets is being increasingly used
in problems of pattern recognition, financial analysis; in
processing and synthesising various signals; in analysis
of images of any kind /1-4/. Wavelets are fundamental
building block functions, analogous to the sine and co-
sine functions. Fourier transform extracts details from
the signal frequency, but all information about the loca-
tion of a particular frequency within the signal is lost.
At the expense of their locality the wavelets have advan-
tages over Fourier transform when non-stationary signals
are analyzed. Here, we use non-decimated wavelet trans-
form that has temporal resolution at coarser scales and
allows to isolate time series of the major components of
financial sets a direct way. The dilation and translation
of the mother wavelet y(t) generates the wavelet as fol-
lows: Ψj,k = 2j/2Ψ(2jt − k). The dilation parameter j
controls how large the wavelet is, and the translation pa-
rameter k controls how the wavelet is shifted along the
t-axis. For a suitably chosen mother wavelet Ψ(t), the
set Ψj,k provides an orthogonal basis. The correspond-
ing wavelet expansion of a function is closely related to
the discrete wavelet transform of a signal observed at dis-
crete points in time. In practice, the length of the signal,
say n, is finite and, for our study, the data are avail-
able daily, monthly, i.e. the interested function is vector
f = (f(t1), . . . , f(tn)) with ti = i/n and i = 1, . . . , n.
With these notations, the DWT of a vector f is simply
a matrix product d = W · f , where d is an n × 1 vector
of discrete wavelet coefficients indexed by 2 integers, djk,
and W is an orthogonal n×n matrix associated with the
wavelet basis. For computational reasons, it is simpler to
perform the wavelet transform on time series of dyadic
(power of 2) length. Using a link between wavelets and
fractals, we have made calculating the multi-fractal spec-
trum. The results of analysis are presented for temporal
variations of the market stock indexes: Germany’s Xetra
Dax index, PE FTSE Eurofirst 300 one, Nikkei 225 one,

S&P500 one etc.

[1] D. Schertzer and S. Lovejoy , Fractals: Physical Ori-
gin and Properites, eds.L.Peitronero (Plenum Press, N.-
Y., 1990).
[2] A.V. Glushkov, V.N. Khokhlov, and I.A. Tsenenko,
Nonlinear Proc. in Geophys. 11 (2004), 285.
[3] A.V. Glushkov, QJRMS. 11 (2006), in print.
[4] A.V. Glushkov, Cellular Automata and their applica-
tions (TEC, Odessa, 2006 ).

Modeling long-range memory trading
activity and volatility.

V. Gontis, B. Kaulakys
Institute of Theoretical Physics and Astronomy, Vilnius Univer-

sity, A. Goštauto 12, LT-01108 Vilnius, Lithuania.

There are empirical evidences that the trading activity,
the trading volume and the volatility of the financial mar-
kets are stochastic variables with the power-law probabil-
ity distribution function (PDF) and the long-range cor-
relations [1, 2]. Additive-multiplicative stochastic mod-
els of the financial mean-reverting processes provide rich
spectrum of shapes for PDF, depending on the model
parameters [3]. The proposed models, however, usually
are characterized only by the short-range time memory.
The long-range memory aspect is not accounted in the
widespread models [4]. These models based on the empir-
ically fitted parameters fail in reproducing the power-law
behavior of the volatility autocorrelation function.
Recently we investigated analytically and numerically the
properties of the stochastic multiplicative point processes,
derived formula for the power spectrum [5] and related
the model with the multiplicative stochastic differential
equations [6]. Preliminary comparison of the model with
the empirical data of stock market trading activity power
spectrum and probability distribution stimulated us to
work on the more detailed definition of the model [7].
We will present the stochastic model of the trading activ-
ity with the long-range correlations and will investigate
its connection to the stochastic modeling of the volatility
and returns. The proposed stochastic nonlinear differen-
tial equations reproduce the power spectrum and PDF of
the trading activity in the financial markets, describe the
stochastic interevent time as the modulated Poisson pro-
cess and can be applicable for modeling of the volatility
with the long-range autocorrelation.
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Complex networks: Self similarity and
superhighways.

S. Havlin
Bar-Ilan University, Israel.

Complex networks have been studied extensively due to
their relevance to many real systems such as the world-
wide web, the Internet, energy landscapes and biologi-
cal and social networks. A large number of real net-
works are referred to as ”scale-free” because they show
a power-law distribution of the number of links per node.
It is shown that complex networks can be partitioned into
fractals (self-similar) and non-fractal networks. This re-
sult is achieved by applying a renormalization procedure
that coarse grains the system into boxes containing nodes
within a given distance. We identify a power-law relation
between the number of boxes needed to cover the network
and the size (maximum distance) of the box, defining
a finite self-similar fractal exponent. The renormalized
networks conserve the scale free property with the same
degree exponent. These fundamental properties help to
explain the origin of the scale-free nature of complex net-
works and suggest a common self-organization dynam-
ics. We also suggest a growth model that generates both
fractal and non-fractal scale free networks. It is shown
that the network fractality is due to hub-hub repulsion
and non-fractal networks have no repulsion. We discuss
general results for transport in weighted networks with
general distribution of weights as well as the finding of
superhighways and small roads in such networks.

[1] C.M. Song, S. Havlin, and H.A. Makse, Nature 433
(7024): 392-395 JAN 27 2005; Nature physics in press
(2006).
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Phys. Rev. Lett. 96, 068702 (2006).
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ley, Transport in weighted networks: Partition into super-
highways and roads, Phys. Rev. Lett. (in press, 2006).

Coherent oscillatory patterns as sys-
tem equilibrium in a simple congestion
game.

J.A. HoÃlyst1, D. Helbing2, M. Schönhof2, H.-U. Stark2

1Faculty of Physics and Center of Excellence for Complex

Systems Research, Warsaw University of Technology, Koszykowa

75, PL-00-662 Warsaw, Poland.
2 Dresden University of Technology, Andreas-Schubert-Str. 23,

01062 Dresden, Germany.

We study a simple symmetrical 2x2 game where two play-
ers try to optimize their payoffs in a similar way as drivers
optimize their daily routes. There is a difference between
an optimum of a single player (a ‘Wardrop’ or ‘Nash equi-
librium’) and a system optimum. The latter can be re-
ceived if a symmetry between decisions of both players is
broken and one of them decides for a lower profit solution.
A time dependent oscillatory decision behaviour can re-
store the system symmetry when the players are ready
to cooperate. Our experimental and computer simula-
tion results confirm occurrence of coherent oscillations in
players decisions. The observed cooperation emerges af-
ter a transient time that is inversely proportional to single
users spontaneous flipping frequencies.

[1] D. Helbing, M. Schönhof, H.U. Stark, J.A. HoÃlyst,
Adv. Complex Systems 8 (2005), 87.

Effective memory of the minority game.

C.-H. Hung, S-S. Liaw
Department of Physics, National Chung-Hsing University, 250

Guo-Kuang Road, Taichung, Taiwan.

It is known that the memory is relevant [1,2] in the sym-
metric phase of the minority game [3]. In our previous
work [4] we have successfully explained the quasi-periodic
behavior of the game in the symmetric phase with the
help of the probability theory. Based on this explana-
tion, we are able to determine how the memory affects
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the variance of the system in this paper. By using some
particular types of fake history such as periodic type and
random type, we determine how efficient the memory has
been used in the standard game. Furthermore, the anal-
ysis on the effective memory strongly supports the result
we proposed previously [5] that there are three distinct
phases in the minority game.

[1] D. Challet and M. Marsili, Phys. Rev. E 62 (2000),
1862.
[2] K.H. Ho, W.C. Man, F.K. Chow, and H.F. Chau,
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Response of agent network to exoge-
nous shock.

Y. Ikeda1, S. Kawamoto2, H. Aoyama3, H. Iyetomi4,
T. Kaizoji5, Y. Fujiwara6, W. Souma6

1 Hitachi Research Institute.
2 Hitachi Research Laboratory, Hitachi Ltd.
3 Kyoto University.
4 Niigata University.
5 International Christian University.
6 ATR, Network Informatics Laboratories.

Most of earlier studies in econophysics are about financial
market [1,2]. A few is about firm activity, although fun-
damental understanding, such as derivation of the Pareto
law from the detailed balance condition and the Gibrat
law, was achieved [3-8]. Quantitative discussion with ex-
isting model for firm activity is concentrated on the power
index of distribution [9-11]. Furthermore almost no study
focuses on business-to-business transaction, although the
transaction play important role in actual firm activity [12-
16]. On the other hand, it is required to estimate model
parameters using from financial and business-to-business
transaction data analysis to develop a quantitative model.
It is, however, that usable data is restricted to fiscal time
series data of short period, e.g. 10 years, due to non-
stationarity of economic phenomenon.
Econophysical model of transaction network, where inter-
acting firm agents invest capital and labor rationally in or-
der to maximize its payoff, is studied, based on previously
studied industrial sector agent models [17-19]. Here, fi-
nancial statement data, including various items in income
statement, and business-to-business transaction data are
focused on, in order to avoid the difficulty of insufficient

time series data. With interaction parameters estimated
from financial and transaction data analysis, firm activ-
ity on a subset of a real transaction network is simulated
with exogenous shock, which is defined as sudden change
of a macro-economic index. The simulation reproduces
past revenue and cost data for each agent quantitatively.
Response of firm agents to the given exogenous shock is
discussed.
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Pareto laws caused by Bose-Einstein
condensation in the urn model.

J. Inoue
Complex Systems Engineering, Graduate School of Information

Science and Technology, Hokkaido University, N14-W9, Kita-ku,

Sappro 060-0814, Japan.

Population of income (or wealth) decreases following
power law for the richest 5-10 % of the population. This
fact observed by Vilfredo Pareto in 1896 is well-known as
Pareto law. In this paper, we present a simple model to
explain the Pareto law in income distributions [1]. Our
model is a kind of the so-called Monkey-class urn model [2]
in which N urns (might be regarded as people in society)
share M = ρN balls (might be regarded as money) under
global constraint (conservation of total amount of money)
: n1 +n2 + · · ·+nN = M , where ni (i = 1, · · · , N) means
the number of balls in the i-th urn. Each urn possesses
its own energy E(ni). Then, we evaluate the probability
P (k) that an arbitrary urn has k balls by using statistical
mechanics of disordered systems. If we choose the energy
function as E(ni) = εini, where εi means energy level
of i-th urn, obeying some distribution (density of states)
D(ε) ∼ εα, and it could be regarded as disorders in the
systems, we find that below the critical temperature at
high density level (ρ ≡ M/N À 1), Bose-Einstein con-
densation occurs and most of the urns falls in the lowest
energy level ε = 0. As the result, the distribution function
P (k) changes its scaling behavior from the exponential
∼ k−3/2 e−k-law to the polynomial ∼ k−(α+2)-Pareto law
in large k regime. In this paper, we also show some results
for the Backgammon model [3,4] and the Ehrenfest-class
urn model [2], in which each ball can be distinguished
from the others, whereas it is impossible in the Monkey-
class. We compare the results of our analysis with several
studies from empirical data analysis (see e.g. [5] and ref-
erences therein). The difference between them and its
possible explanations are also discussed.

[1] Econophysics of Wealth distributions, A Chatterjee,
S. Yarlagadda and B. K. Chakrabarti (Eds.), Springer
(2005).
[2] C. Godreche and J. M. Luck, Euro. Phys. J. B 23
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B 493 (1997), 505.
[5] F. Clementi and M. Gallegati, Pareto’s law of Income
Distribution : Evidence for Germany, the United King-
dom, and United States, in [1] (2005).

Dynamical change of Pareto index in
Japanese land prices.

A. Ishikawa
Kanazawa Gakuin University, Kanazawa 920-1392, Japan.

In the large scale region of wealth, income, profits, assets,
sales, the number of employees and etc (x), a cumulative
number N(> x) obeys a power-law N(> x) ∝ x−µ. This
power-law and the exponent µ are called Pareto’s law and
Pareto index, respectively. Recently, Fujiwara et al. [1]
have explained Pareto’s law (and the reflection law) by
using the law of detailed balance and Gibrat’s law, which
are observed in empirical data. The detailed balance is
time-reversal symmetry: x1 ↔ x2. Here x1 and x2 are two
successive incomes, profits, assets, sales and etc. Gibrat’s
law states that the conditional probability distribution of
growth rate is independent of the initial value x1. In the
proof, they assume no model and only use these two un-
derlying laws in empirical data. In Ref. [2], it is reported
that the Pareto index is also induced from the reflection
law.
These findings are important for the progress of econo-
physics. Above derivations are, however, valid only in the
economic equilibrium where the detailed balance holds.
As the next step, the dynamics should be established.
For this aim, we investigate the dynamical behavior in
the large scale region of non-equilibrium systems, by em-
ploying data on the assessed value of land in 1983 –
2005 Japan. Because the distribution of Japanese land
prices has similar features with one of personal income
and company size [3], and the long-term database is read-
ily available. In the non-equilibrium system we have
found the quasi-detailed balance, which has the symme-
try: x1 ↔ a x2

θ. By using the quasi-detailed balance and
Gibrat’s law, we have derived Pareto’s law with varying
Pareto index annually. The parameter θ corresponds with
the ratio of Pareto indices (µ1 + 1)/(µ2 + 1), and the re-
lation is confirmed in the empirical data nicely [4].
On the other hand, the parameter a corresponds to the
ratio of prices. We observe that the change of a induces
the change of CPI. As a result, we obtain a dynamical
equation which non-equilibrium economic systems should
satisfy.

[1] Y. Fujiwara, W. Souma, H. Aoyama, T. Kaizoji, and
M. Aoki, Physica A 321 (2003), 598;
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Persistence in the socio-econo dynam-
ics of the random bond Ising model in
high dimensions.

T. Yamano1, S. Jain2
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We study the persistence phenomenon in a socio-econo
dynamics model using computer simulations at a finite
temperature on hypercubic lattices in dimensions up to
5. The model includes a social local field which contains
magnetization at time t. The nearest neighbour quenched
interactions are drawn from a binary distribution which
is a function of the bond concentration. We determine
the decay of the persistence probability in the model. We
discuss our results, which indicate the existence of block-
ing, and the consequent implications in the social and
economic contexts.

[1] T. Yamano, Int. J. Mod. Phys. C 13 (2002), 89.
[2] T. Yamano, Int. J. Mod. Phys. C 13 (2002), 645.
[3] S. Bornholdt, Int. J. Mod. Phys. C 12 (2001), 667.

Asymmetry and synchronization in
stock markets.

M.H. Jensen
The Niels Bohr Institute, Copenhagen, Denmark.

We investigate financial time series by means of socalled
inverse statistics giving the distribution of investment
times for a fixed pre-described level of the return [1]. We
obtain a new set of distributions for the investment times
which exhibit well-defined maxima defining the optimal
investment horizons [1,2]. It is observed that the mar-
ket contains an inherent gain-loss asymmetry in the sense
that the time span for a typical gain is about twice that of
a loss of the same magnitude [2]. Surprisingly, this feature
is not present for a single stock, which exhibits complete
symmetry between the gain and loss waiting times.
To explain this, we introduce an asymmetric synchronous
market model consisting of a number of randomly fluc-
tuating stocks that occasionally synchronize their draw-
downs, parameterized by a “fear factor” [3]. The model
explains the empirical findings of the market, indicating
that synchronization of (symmetric) individual stocks is a
fundamental ingredient in understanding the asymmetric
stock market index dynamics.

[1] I. Simonsen, M.H. Jensen, and A. Johansen, Eur.
Journ. Phys. B 27, 583 (2002).

[2] M.H. Jensen, A. Johansen, and I. Simonsen, Physica
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pen, preprint (2006).

A precursor of market crashes.

T. Kaizoji
International Christian University, Osawa 3-10-2, Mitaka, Tokyo

181-8585, Japan.

In the econophysisists’ community, market crashes have
also been a hot issue. One of the greatest myths is that
market crashes are random, unpredictable events. Can
large market crashes be forecast? To answer the quastion
we quantitatively investigated the properties of an ensem-
ble of stock prices in Japan in a 3-year period to study
the warning phenomenon of large market crashes. We se-
lected approximately 1200 large stocks listed and traded
on the Tokyo Stock Exchange for over than 20 years, and
formed ensembles of daily stock prices in the 3-year pe-
riod from January 4, 1999 to December 28, 2001, cor-
responding to the period of Japan’s internet bubble and
the market crash. We found that the tail of the comple-
mentary cumulative distribution function of the ensemble
of stock prices in the high value range is well described
by a power-law distribution, P (S > x) ∼ x−α, with an
exponent that moves in the range of 1.09 < α < 1.27.
Furthermore, we found that as the power-law exponents
α approached unity, the internet bubble burst. This sug-
gests that Zipf’s law for an ensemble of stock prices is a
sign of bursts of bubbles.
Then we focus attention on the relative price defined as
X(t) = S(t)/S(0), where S(0) is the initial price. We se-
lected approximately 3200 stocks traded on the Japanese
Stock Exchange and formed a statistical ensemble of daily
relative prices for each trading day in the 3-year period
from January 4, 1999 to December 28, 2001, correspond-
ing to the period in which the internet Bubble formed and
crashes in the Japanese stock market. We found that the
upper tail of the complementary cumulative distribution
function of the ensemble of the relative prices in the high
value of the price is well described by a power-law distri-
bution, P (S > x) ∼ x−α, with an exponent that moves
over time. Furthermore, we found that as the power-law
exponents α approached two, the bubble burst. It is rea-
sonable to assume that when the power-law exponents
approached two, it indicates the bubble is about to burst.
Finally, we investigate the effects of market crash on cor-
porate management by analyzing the data of the financial
statements of Japanese companies. We show a mesure-
ment of risk which is defined as the probability of decreas-
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ing capital caused by the stock price fluctuations.

[1] T. Kaizoji, Power laws and market crashes: Empirical
laws on bursting bubbles, forthcoming into Prog. Theor.
Phys. Supplements (2006).
[2] T. Kaizoji, Precursors of Market Crashes: Empirical
laws of the Japan’s internet bubbles, forthcoming into Eur.
Phys. J. B (2006).

An interacting-agent model of financial
markets from the viewpoint of nonex-
tensive statistical mechanics.

T. Kaizoji
International Christian University, Osawa 3-10-2, Mitaka, Tokyo

181-8585, Japan.

A number of interacting-agent models proposed recently
showed that they can generate some ubiquitous character-
istics, for example the clustered volatility and the scaling
behaviors of price fluctuations, found for empirical finan-
cial data as a result of interactions between agents. It
seems reasonable to support that the emergence of real-
istic scaling laws from the agents’ interaction would lend
convinced evidence in favor of the Interacting Agent Hy-
pothesis. Although the interacting-agent models are ad-
vocated as an alternative approach to the efficient market
hypothesis that is equivalent to the rational expectation
hypothesis in economics, little attention has been given to
the point how probabilistic rules, that an agent switches
his opinion, is connected with his expectation formation.
Our previous work [1] proposed a new expectation forma-
tion hypothesis, that is, the relative expectation formation
hypothesis corresponding to the interacting-agent hypoth-
esis. The relative expectations formation of interacting-
agents has been formularized by using the minimum av-
erage energy principle for Bolztmann-Gibbs entropy. The
aim of this paper is to generalize the formulation of the
relative expectation formation from the viewpoint of the
nonextensive statistical mechanics. We shall present an
interacting-agent model that follows the line of an Ising-
like model of financial markets proposed by our previous
work [1], and formulate the agents’ decision-making on
investment as the maximum entropy principle for Tsallis
entropy, and demonstrate that a equilibrium probabil-
ity distribution on the agent’s investment attitude, which
is obtained as the so-called q-exponential distribution, is
able to be derived from the relative expectations forma-
tion. We also show that the interacting-agent model gives
a convictive explanation for an universal statistical char-
acteristics of financial data, that is, the power-law tails

of the distribution of volatility, measured by the absolute
value of relative price changes.

[1] T. Kaizoji, Physica A 287 (2000), 493.
[2] T. Kaizoji, An interacting-agent model of financial
markets from the viewpoint of Nonextensive statistical
mechanics, forthcoming into Physica A (2006).

Stylized facts in internal return rates
on elementary market investment
strategies.

L. Pichl, T. Kaizoji, T. Yamano
International Christian University, Osawa 3-10-2, Mitaka, Tokyo

181-8585, Japan.

The power law for the decay of the asymptotic tails of the
distributions of normalized returns in financial markets,
which is one of the paradigms of experimental finance,
has been described in terms of the communication net-
works among market participants and modeled, among
other approaches, by the means of spin lattice models [1-
4]. While this stylized feature deals with the distribution
of relative prices on the session-to-session basis, i.e. the
statistics of the quantity log(Pt+1/Pt) defined apriori, it
is also worthwhile to examine the stylized facts related to
generic investment strategies applied to particular mar-
kets. Within this approach, the above mentioned nor-
malized returns exhibit a stylized fact for the “buy now,
sell the next session” strategy.
This work deals with the stylized facts for a set of ele-
mentary investment strategies classified into two groups.
The first group of strategies is defined by the internal re-
turn rate (IRR): “buy now, sell when a predefined IRR
value is reached”. Within the continuous time model,
such an approach yields a probability distribution p(ρ)
over the single-encounter return-rate density ρ. This dis-
tribution presents an interesting generalization of the styl-
ized features usually discussed in the case of normalized
returns. In particular, by using daily price averages, we
have demonstrated a remarkable similarity of p(ρ) distri-
butions across various stock indices.
The second set of stylized facts dealt with here is based
on the different role of moving time averages in invest-
ment strategies. Elaborating on the comparison of short-
term and middle-term market trends, the turning points
named as golden cross (an accelerating bearish trend) and
the dead cross (an accelerating bullish trend) are known
as elementary signals to buy and sell, respectively. Inter-
estingly, the stylized features derived from these signals
for the pair of golden cross - dead cross strategies show
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a remarkably discrete behavior, which is moreover dis-
tinct among particular financial markets (stock indices
in this work). By screening across various averaging peri-
ods defining the turning point signals, we have discovered
quite interesting regular patterns in the behavior of p(ρ)
distributions.
This paper presents the stylized facts for the group of
single-encounter and dead cross -golden cross strategies
(or market transforms), and compares these to the classi-
cal stylized facts discussed in the literature. Our extended
approach is illustrated by a wealth of real data ranging
from the daily stock index averages (TOPIX, S&P 500,
FTSE100) to one minute tick data from the Tokyo Stock
Exchange Price Index.

[1] V. Plerou, P. Gopikrishnan, X. Gabaix, and H.E. Stan-
ley, Phys. Rev. E 66, (2002) 027104.
[2] H. Takayasu, A. H. Sato, and M. Takayasu, Phys. Rev.
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[4] T. Kaizoji and M. Kaizoji, Advances in Complex Sys-
tems 6 (3), (2003) 1.

Size matters: some stylized facts of the
market revisited and consequences for
fluctuation scaling.

Z. Eisler, J. Kertész
Institute of Physics, Budapest University of Technology and

Economics, Budafoki út 8., Budapest, H-1111 Hungary.

We reanalyze high resolution data from the New York
Stock Exchange and find a monotonous (but not power
law) variation of the mean value per trade, the mean
number of trades per minute and the mean trading ac-
tivity with company capitalization. We show that the
second moment of the traded value distribution is finite.
Consequently, the Hurst exponents for the correspond-
ing time series can be calculated. These are, however,
non-universal: The persistence increases with larger cap-
italization and this results in a logarithmically increasing
Hurst exponent. A similar trend is displayed by inter-
trade time intervals. Finally, we demonstrate that the
distribution of the intertrade times is better described by
a multiscaling ansatz than by simple gap scaling. The
consequences for the recently found fluctuation scaling
are discussed.

[1] Z. Eisler and J. Kertész, Size matters: some stylized
facts of the market revisited, (physics/0508156).
[2] Z. Eisler and J.. Kertész, Scaling theory of temporal
correlations and size dependent fluctuations in the traded
value of stocks, (physics/0510058).

Individual and aggregate behaviour on
financial markets.

A. Kirman
Institute for Advanced Study Princeton, USA and

GREQAM, EHESS, Universite d’Aix Marseille lll.

It is widely recognized that certain features of financial
time series, do not correspond to those that would emerge
from standard models of financial markets. For exam-
ple, the presence of “bubbles” and “herding” behaviour
in such markets, seems to be incompatible with the effi-
cient markets hypothesis as well as the idea of rational
expectations. The existence of long memory in finan-
cial price series which is well documented would not be
consistent with standard financial market models. Since
these empirical phenomena exist and are important they
need to be explained. In particular the preoccupation of
many regulatory authorities with the increasing volatility
of these markets is closely linked to the phenomena I have
mentioned.
As a result a number of us have tried to develop theoret-
ical models, which generate such phenomena.
The purpose of this talk is to present this class of models
which have been proposed as an alternative to the more
standard models associated with the CAPM paradigm.
These models generate data, which, in some configura-
tions, reproduce many of the stylized facts of the em-
pirical series and in particular are capable of generating,
“bubbles”, “long memory” and “excess volatility”. The
essential feature of the models is that they involve interac-
tion between the various individual agents in the market.
Agents forecast changes in prices and the actions that
they take will be based on their forecasts. Their fore-
casts and their actions may be highly interdependent and
it is this that generates the properties we are interested
in. The most typical feature of this model is that agents
tend to herd on one type of behaviour and then to move
together to another. This sort of “herding” behaviour
is by no means irrational, since the actions of agents re-
veal something about the information that the individuals
possess.
Such models would not seem to be likely to have equilib-
ria in the standard sense but I will propose a notion of
equilibrium which suggests that there is structure in fi-
nancial time series but no tendency to converge to a long
term price or steady state.
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Probability of large movements in
financial markets.

R. Kitt, J. Kalda
Institute of Cybernetics at Tallinn University of Technology,

Estonia

The attempt to continuously and successfully predict the
direction of future movements of any asset price can be
compared to attempts of inventing the perpetum mobile.
However, the attempt to characterize and predict the risk
(or volatility) may offer significantly better results and
therefore the volatility is one of the most-studied phe-
nomena in Econophysics. We have introduced in [1] the
concept of low-variability period analysis that, among
the other things, complements the analysis of volatility.
The low-variability period analysis refers to the length-
distribution of consequent time periods where the price
changes of the observed asset remain under pre-set thresh-
old. We have shown in [1] and [2] that this technically
simple method can extend the traditional multifractal
analysis of financial markets. In this paper we focus on
the super-universal law derived in [2] - the probability of
”silence-breaking”. It is shown that just the very presence
of a power-law of the length-distribution of low-variability
periods leads to a super-universal law that the probability
of observing a large movement is inversely proportional to
the length of the ongoing low-variability period. We have
successfully tested this relationship in a number of finan-
cial time series. Given the fact that the low-variability
periods are closely related to the volatility, we have also
tested the relationship between the probability of silence-
breaking, historic and implied volatility of S&P 500 equity
index. Finally, we have developed the volatility trading
strategy based on the probability of ”silence-breaking”.

[1] R. Kitt and J. Kalda, Physica A 345 (2005), 622.
[2] R. Kitt and J. Kalda, Physica A 353 (2005), 480.

The wavelet-based analysis of crisis
precursors.

V. Kononenko
Department of Economical Cybernetics Kryviy Rih Economic

Institute Kyiv National Economic University, Kryviy Rig, Ukraine.

Critical and crisis appearances of the financial markets
constantly in a field of attention of financial analysts and
practicians. According to modern theoretical represen-
tation the markets are effective and only occurrence of
the drama information, catastrophic or shock events (the

USA, September, 11, 2001, modifications of the prices for
oil - oil shocks 1974, 1990, 2005) can reduce in noticeable
(critical) modifications - crashes. Actually, even the most
captious researches do not give indisputable conclusions
concerning the information on forerunners of approach of
critical events. Financial markets are hierarchical multi-
fractality ones in plants where each level can have differ-
ent weight, connections with other levels, and also charac-
teristic temporal and spatial scales (see, for example [1]).
Therefore the problem is reduced to designing such fore-
runners of catastrophic appearances which would allow
to analyze a condition and dynamics of the market with
the help of modern methods, to discover typical pictures
of precritical conditions. We investigated singularities of
wavelet-transformations coefficients and their higher mo-
ments (from the second on the fifth), some financial num-
bers during known crisis appearances: S&P 500, DJ In-
dustrial, MSCI, rates of exchange. A dynamic number
of daily values was exposed wavelet to transformation to
phase up to, during time and after crisis. Calculations
were carried out with the help of MatLab Wavelet Tool-
box tools. In work the typical picture which is observed
at the various central moments of distribution has been
defined. It is established, that behaviour of the fourth mo-
ment of factors wavelet-transformations itself similarly to
the third moment of distribution. In turn given situation
is similar for various share and currency numbers with
various crisis appearances. Was, it is established, that
before crisis there is an increase of fluctuations which are
similar on clasterization of volatility, given defined, dis-
play can serve as a forerunner of critical appearances.

[1] Sornette D., Why Stock Markets Crash (Critical
Events in Complex Financial Systems) (Princeton Uni-
versity Press, Princeton, 2003).

Stylized facts from a psychology-based
agent model.

R. Cross1, M. Grinfeld2, H. Lamba3, T. Seaman4

1 Department of Economics, University of Strathclyde, Glasgow,

UK.
2 Department of Mathematics, University of Strathclyde, Glas-
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3 Department of Mathematical Sciences, George Mason Univer-
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4 School of Computational Sciences, George Mason University,
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We study a class of agent-based market models built upon
simple, psychologically-grounded, forms of bounded ra-
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tionality. We inflict upon our agents differing tolerances
to various sources of ‘stress’ and when the threshold for
any of the stresses is violated the agent switches position
(other threshold/inertia models can be found in [1,2]).
The primary driving force is the increasing pressure on
agents to switch positions as the market price moves away
from the one at which they last traded. This ‘inaction’
stress can also be interpreted as mimicking several other
(rational) market effects and, when used alone, results in
a base model whose output is identical to those of mar-
kets operating under the strongest forms of the Efficient
Market Hypotheses (EMH).
However, the introduction of a further source of stress,
namely the increasing tension experienced by an agent
while holding the minority position, changes the market
dynamics considerably via the generation of herding be-
havior. Numerical simulations demonstrate that all of the
most important ‘stylized facts’ of real-market statistics
(including quantitative details such as observed power-
law exponents for price-returns and the decay in volatil-
ity correlations) are stably reproduced. Furthermore, the
reduction to EMH-statistics in the base model allows for
the possibility of isolating the effects of other, more sub-
tle, aspects of bounded rationality. One such set of nu-
merical experiments relating to observed asymmetries in
price-return data [3] will also be presented.

[1] R. Cross, M. Grinfeld, H. Lamba, and T. Seaman,
Physica A 354 (2005), 463–478.
[2] F. Ghoulmie, R. Cont, and J-P Nadal, J. Phys: Cond.
Matt. 17 (2005), S1259–S1268.
[3] T. Kaizoji, Physica A 343 (2004), 662–668.

Large deviation principle in economics
for a short term forecasting.

S. Landini1, M.C. Uberti 2

1IRES Piemonte - Socioeconomic Research Institute of Piedmont,

Turin, Italy.
2Department of Statistics and Applied Mathematics, University

of Turin, Italy.

In this paper the Large Deviation Principle is applied
to a non stationary non-hardly volatile economic process
Yt = g(Y(τ\{t}), u(τ)), where τ = {t0, . . . , t − 1, t} and
u(τ) is the growth rate process, under the knowledge of
the probability distribution of the intertemporal growth
factors zt = h(ut).
The main aim is to estimate the short term values of
the random variables {Yk}t+n

t+1 following a probabilistic
approach. The Gärtner-Ellis theorem is used to infer the

appropriated good rate function involved in a short term
forecasting framework.

[1] M. Aoki, “New approaches to macroeconomic model-
ing.” (Cambridge University Press, New York, 1996).
[2] A. Dembo and O. Zeitouni, “Large deviations tech-
niques and applications.” (Springer, 2nd ed., New York,
1998).
[3] N. Williams, “Small noise asymptotics for a stochastic
growth model.” (NBER Working Papers 10194, National
Bureau of Economic Research, Inc., 2003).

Self-organization behavior in a con-
strained minority game.

C. Liu1, S.-S. Liaw2

1 General Education Center, China Medical University, 91

Hsueh-Shih Road, Taichung, Taiwan.
2 Department of Physics, National Chung-Hsing University, 250

Guo-Kuang Road, Taichung, Taiwan.

In the standard minority game, every agent switches to
his best strategy in hand at each time step. If only a small
number of agents are allowed to switch their strategies
at each time step, the population variance of the system
plunges. The variance reaches a low value and remains
steady for a period of time. Then without any sign it
starts to rise abruptly to a high value and then decreases
smoothly to the previous low value again. The process of
an abrupt rise followed by a gentle decrease repeats again
and again but without obvious characteristic length as
time goes on. The phenomenon is similar to the collapse
of a sand pile with sands being added continuously from
the top. We define the scale of collapse of the population
variance by the difference of the variance before and after
an abrupt rise. We then find that the logarithmic plot of
the frequency versus scale of the collapses follows a power
law.

Dynamic Financial Analysis: Solvency
testing and non-catastrophe losses.

C. Majumdar
C-203, Loorenstrasse 74, CH-8053, Zürich, Switzerland.

Dynamic Financial Analysis (DFA) is the most ad-
vance modeling process in today’s property and casualty
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industry-allowing us to develop financial forecasts that
integrate the variability and interrelationships of critical
factors affecting our results. Through the modeling of
DFA, we see the company’s relevant random variables is
based on the categorization of risks which is generated sol-
vency testing where the financial position of the company
is evaluated from the perspective of the customers. The
central idea is to quantify in probabilistic terms whether
the company will be able to meet its commitments in the
future.
I’m exploring this research draft on DFA (Monte Carlo
stochastic simulation), which deal with the long time hori-
zons present in insurance and with the combination of
models on the liability side, we explicitly considered four
sources of randomness: non-catastrophe losses followed
by payment patterns. We simulated catastrophes sepa-
rately due to quite different statistical behavior of non-
catastrophe losses. In general the volume of empirical
data for non-catastrophe losses is much bigger than for
catastrophe losses. Due to the fact that the density func-
tion of the gamma distribution decreases exponentially
under appropriate choice of parameters it is a distribu-
tion serving our purposes sharply.

Enhanced requirements-based pro-
gramming for complex model comple-
tion.

M.G. Hinchey1, T. Margaria2, J.L. Rash1, C.A. Rouff3,

B. Steffen4

1 NASA Goddard Space Flight Center, Information Systems

Division, Greenbelt, MD, USA.
2Chair of Service and Software Engineering, Universitat Potsdam,

Germany.
3SAIC, Advanced Concepts Business Unit, McLean, VA 22102.
4Chair of Programming Systems, Universität Dortmund, Ger-

many.

R2D2C is a technique to mechanically transform system
requirements via provably equivalent models to running
code. It was developed at NASA [4] as a general-purpose
method to mechanically transform system requirements
into a provably equivalent model. This is a central
need for ultra-high dependability systems like those
developed at NASA for space exploration. The R2D2C
approach provides mathematically tractable round-trip
engineering for system development, rigorously based on
formal modelling and formal reasoning techniques.
Dealing with complex systems, it is of vital importance
to be able to gather reasonably complete requirements,
which is typically impossible from the very beginning,
especially for long running projects. To this aim,

we complement R2D2C by model extrapolation via
automata learning1.
The main practical impact of this combined approach
is its power to support the systematic completion of the
requirements, which by their nature are typically very
partial and concentrate on the most prominent scenarios.
Our technique generalizes these typical requirement
skeletons by extrapolation and it indicates by means of
automatically generated traces where the requirement
specification is too loose and additional information is
required.
Central application domains are here the capture of
interaction mechanisms in the communication in sensor
networks as in the Autonomous Nano Technology Swarm
mission (ANTS) [2], the modelling of adaptive and
autonomous systems, and the modelling of evolution
and emerging behaviour in complex collaborative envi-
ronments. The underlying models are discrete feedback
networks, which are adequate to cover e.g. traffic
behaviour on communication and logistic networks, and
serve as basis for cost estimation, efficiency computation,
cost assignment, and design of reactive business models
based on adaptive pricing.

Example: Communication Systems
The learning based approaches based on [1] have so far
fared quite promisingly for the test-based discovery of
models of legacy communication systems, thus outper-
forming prior approaches based on trace combination
[3]. As shown in [5], the test-based model generation by
classical automata learning is very expensive. It requires
an impractically large number of queries to the system,
each of which must be implemented as a system-level test
case. Key towards the tractability of observation based
model generation are powerful optimizations exploiting
different kinds of expert knowledge in order to drastically
reduce the number of required queries, and thus the
testing effort. Recent studies have brought to a thorough
experimental analysis of the second-order effects between
such optimizations in order to maximize their combined
impact [6], and to the development of a mature toolset
for experimentation.
In the specific R2D2C context, we are interested in
investigating the possible application of the combined
approach to the specification of communication mech-
anisms used in all of these application domains. This
can be completed by a test-based or monitoring-based
validation once those systems are operational.

Note: We hope to obtain clearance to present a concrete case

study in time for the conference.

[1] D. Angluin, Learning regular sets from queries and

1Provisional patent pending.
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counterexamples, Information and Computation, 2(75)
(1987), 87-106.
[2] S.A. Curtis, J. Mica, J. Nuth, G. Marr, M.L. Rilee,
and M.K. Bhat, ANTS (Autonomous Nano-Technology
Swarm): An artificial intelligence approach to Asteroid
Belt resource exploration, (In Proc. Int’l Astronautical
Federation, 51st Congress, October 2000).
[3] A. Hagerer, H. Hungar, O. Niese, and B. Steffen, Model
Generation by Moderated Regular Extrapolation, (Proc. of
the 5th Int. Conf. on Fundamental Approaches to Soft-
ware Engineering (FASE 2002), LNCS 2306, 80-95).
[4] M.G. Hinchey, J.L. Rash, and C.A. Rouff, A Formal
Approach to Requirements-Based Programming, (Proc.
ECBS 2005, 12th IEEE Int. Conf. on the Engineering of
Computer-Based Systems, Greenbelt (MD), 2005, IEEE,
339-345).
[5] H. Hungar, T. Margaria, and B. Steffen, Test-Based
Model Generation for Legacy Systems, (IEEE Interna-
tional Test Conference (ITC), Charlotte, NC, September
30 - October 2, 2003).
[6] T. Margaria, H. Raffelt, and B. Steffen, Analyzing
Second-Order Effects Between Optimizations for System-
Level Test-Based Model Generation, (Proc. IEEE In-
ternational Test Conference (ITC), Austin, TX (USA),
November 8 - 10, 2005, IEEE Computer Society Press).

Black Wednesday and collapse of ERM
currency peg: An ACE test bed for
robust policy design or how to avoid
endogenous policy induced systemic
failure.

S.M. Markose1, J. Lukewasi2, F. Barzi1

1 Department of Economics University of Essex, Wivenhoe Park

Colchester C04 3SQ Essex, UK.
2 Centre For Computational Finance and Economic Agents

(CCFEA) University of Essex, Wivenhoe Park Colchester C04

3SQ Essex, UK.

Here we report an Agent based Computational Economics
(ACE) model of a classic example of poor policy design
leading to collapse of a system: Black Wednesday and
Collapse of the ERM Currency peg on 19 Sept.
2002. George Soros made 2bn taking a short position
against the Sterling and the Bank of England. He is al-
leged to have used the Liar or Contrarian Strategy. Why
did Soros win: Or why did all Currency pegs collapse
(from Mexico to the Asian ones) at great cost to the tax
payer? Firstly, the ACE model shows that what provokes
the attacks is the transparent defence: Speculator Sells
forward after the central bank raises the exchange rate to
above the lower bound of the peg. Thirty different simu-

lations using an ACE wind tunnel test of the currency peg
with a central bank intervening to raise the exchange and
speculator taking a short position shows that the bank
cannot win even once viz. ran out of reserves. Flawed
Macro economic literature on pre-commitment to trans-
parent strategy caused IMF to support currency pegs and
led to the worst policy induced failures of our time. ACE
testing may have averted such policy disasters.

Dynamic instability in a phenomeno-
logical model of correlated assets.

M. Marsili1, G. Raffelli2

1Abdus Salam International Centre for Theoretical Physics

Strada Costiera 11, 34014 Trieste, Italy.
2Dip.to di Fisica, Univ. Roma La Sapienza, P.le A. Moro, 00100

Roma, Italy.

We show that financial correlations exhibit a non-trivial
dynamic behavior. We introduce a simple phenomenolog-
ical model of a multi-asset financial market, which takes
into account the impact of portfolio investment on price
dynamics. This captures the fact that correlations deter-
mine the optimal portfolio but are affected by investment
based on it. We show that such a feedback on correlations
gives rise to an instability when the volume of invest-
ment exceeds a critical value. Close to the critical point
the model exhibits dynamical correlations very similar to
those observed in real markets. Maximum likelihood esti-
mates of the model’s parameter for empirical data indeed
confirm this conclusion, thus suggesting that real markets
operate close to a dynamically unstable point.

Stock price fluctuations and the
mimetic behaviors of traders.

J. Maskawa
Fukuyama Heisei University, Japan.

The understanding of the market impact, that is the price
reaction to a transaction volume, is of a practical impor-
tance in order to avoid the risk of paying a large trans-
action cost, when individual investors or brokerage firms
place a large size of order. From many prior works about
this subject, it seems to be established that the func-
tional form of the average price impact is monotonically
increase and concave. It seems very natural to think that
large price changes are caused by large transaction vol-
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umes. Farmer et al. has proposed an entirely different
story of large price changes[1]. They has argued that
large returns are not caused by large orders, while the
large gaps between the occupied price levels in the order-
book lead to large price changes in each transaction, and
actually showed that the gap distribution closely matches
the return distribution, based on the analysis of the or-
derbook as well as the transaction records on the London
Stock Exchange. They have also showed by the experi-
ment of the virtual market orders of a constant size that
non-intelligent manner of market order placement repro-
duces the actual fat tail of return distribution.
If we look at the large returns in the new light, we ar-
rive at the next step of the question, that is, what re-
ally causes large gaps. In this presentation, I propose an
stochastic model of the order flow in stock markets. If
we take the mimetic behavior of traders, when they put
limit order, into our model, the fat tail of the distribution
of the gap is reproduced. I also analyze the trades and
quotes database of the Tokyo Stock Exchange, and point
out that the assumption of the independence of the am-
plitude of returns on the size of transactions cannot fully
explain the profile of the average price response[2]. It is
important to consider the mimetic behavior of traders at
this point too.

[1] J.D. Farmer, L. Gillemot, F. Lillo, S. Mike, and A.
Sen, Quantitative Finance 4 (2004), 383.
[2] J. Maskawa, in Practical Fruits of Econophysics
(Springer-Verlag, Tokyo, 2006), 72.

Market memory and fat tail conse-
quences in risk and option pricing
under the expOU stochastic volatility
model.

J. Perelló, J. Masoliver
Departament de F́ısica Fondamental, Universitat de Barcelona.

Diagonal, 647 Barcelona E-08028, Spain.

The geometric Brownian motion is in clear disagreement
with real market data [1]. A possible way out to this
inconsistency is to assume that the volatility is not a
constant but a time-depending random variable. At late
eighties different stochastic volatity (SV) models [Brow-
nian motion with random diffusion coefficient] were pre-
sented for giving a better price to the options somewhat
ignoring their ability to reproduce the real price time se-
ries. Recently SV models have been suggested by some
physicists as good candidates to account for the so-called
stylized facts of speculative markets [2,3,4,5].
We have studied the exponential Ornstein-Uhlenbeck

stochastic volatility model [6] and observed that the
model shows a multiscale behavior in the volatility au-
tocorrelation [7]. It also exhibits a leverage correla-
tion and a probability profile for the stationary volatil-
ity which are consistent with market observations. All
these features seem to make the model more complete
than other stochastic volatility models also based on a
two-dimensional diffusion.
This paper wants to go further on with the expOU model
by exploring two aspects of financial markets of practical
interest. Using an approximate solution for the return
probability density designed to capture the kurtosis and
skewness effects we study the resulting option price. We
will take parameters estimated from underlying and con-
front the results with real option prices. In this way, we
will be able to relate the market memory estimated from
our expOU model with smile and smirk effect in options.
The second aspect is related to risk. We will study the
survival probability of the stochastic volatility process.
The measure can serve us as a measure of risk which have
several advantages with respect to VaR measures. We will
focuss on the stochastic volatility and check their ability
to describe the true behaviour of this market observable.

[1] J.-P. Bouchaud and M. Potters, Theory of Finan-
cial Risk and Derivative Pricing: From Statistical Physics
to Risk Management (Cambridge University Press, Cam-
bridge, 2003).
[2] A. Dragulescu and V. Yakovenko, Quantitative Fi-
nance 2 (2002), 443–453.
[3] J. Perelló and J. Masoliver, Physical Review E 67
(2003), 037102.
[4] J. Perelló, J. Masoliver, and N. Anento, Physica A
344 (2004), 134–137.
[5] J. Masoliver and J. Perelló, International Journal of
Theoretical and Applied Finance 5 (2002), 541–562.
[6] J.-P. Fouque, G. Papanicolaou, and K. R. Sircar, In-
ternational Journal of Theoretical and Applied Finance 3
(2000) 101–142.
[7] J. Masoliver, J. Perelló, cond-mat/0501639.
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Departamentos de Matemática da FCUP, Rua do Campo Alegre

687, 4169-007 Porto, Portugal.
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This study reports on coherence or its lack in financial
data series from worldwide stock market indices. Pre-
vious work on the PSI-20 index [1], provides the moti-
vation for a wider-ranging study, both in a geographical
and technical sense, for exploration of several measures
of disorder, (entropy). In this work, the focus is on the
information contained in the Hurst exponent, as obtained
through Detrended Fluctuation Analysis [2].
We propose a new method of studying the Hurst expo-
nent, which includes investigation of both time and scale
dependency, [3]. This approach permits recovery of major
events, affecting worldwide markets, (such as Sept. 11th
2001) and facilitates examination of the propagation of
effects produced across different scales. Such effects may
include early awareness, distinctive patterns of recovery,
as well as comparative behaviour distinctions in emer-
gent/established markets. The emphasis on time depen-
dence serves to demonstrate the importance of entropy
measures as snapshots of market uncertainty, which have
their own dynamic.We apply the TSDFA (Time and Scale
Detrended Fluctuation Analysis) to a study of the time
evolution of each market. Major features may include
transition from a developing to a mature state, (Interna-
tional Finance Corporation definition). Comparing the
results obtained using TSDFA to all markets, we iden-
tify groups that display similar behaviour at any given
time. This classification allow us to distinguish perturba-
tions with global or more general effect, (e.g. Asian tiger
crash, 9/11, Madrid bomb 2004 and others) from local
influences affecting a small set of markets or even a single
market only.
Interestingly, in spite of known differences between emerg-
ing and established markets, the evidence suggests that,
in recent years, entropy measures are convergent across
markets studied worldwide. This can be construed as
an increasing number of markets achieving or mimicking
mature behaviour relatively rapidly, irrespective of their
trading capability, which suggests narrowing windows for
investors. One plausible explanation for this phenomenon
is the progressive globalisation of financial markets (and

the increased refinement required perhaps in entropy mea-
sures to act as plausible predictors for investment).

[1] J.A.O. Matos, S.M.A. Gama, H. J. Ruskin, and
J.A.M.S Duarte, Phys. A 342 (2004), 665.
[2] C.-K. Peng, S.V. Buldyrev, S. Havlin, M. Simons, H.E.
Stanley, and A.L. Goldberger, Phys. Rev. E 49 (1994),
1685.
[3] J.A.O. Matos, S.M.A Gama, A. Sharkasi, H. J. Ruskin,
and M. Crane (in preparation) (2006).

Markov processes, Hurst exponents,
nonlinear diffusion equations, and op-
tion pricing.

J.L. McCauley2

1 Physics Department University of Houston Houston, Tx. 77204.

We present a large set of scaling solutions of Fokker-
Planck partial differential equations where H 6= 1/2,
showing by direct calculation that a Hurst exponent
H 6= 1/2, without extra assumptions, does not imply long
time correlations like those found in fractional Brownian
motion. If a Markov process scales with Hurst exponent
H 6= 1/2, then it simply means that the process has non-
stationary increments. As an example, we generate a class
of student-t-like densities from the class of quadratic dif-
fusion coefficients. The Tsallis density is a member of
that class. The Tsallis density is usually thought to solve
a nonlinear diffusion equation, but instead we explicitly
show that it follows from a Markov process generated
by a linear Fokker-Planck equation, and therefore from
a corresponding Langevin equation. All densities in this
class can be superficially disguised to appear as ”nonlin-
ear diffusion eqns.” Having a Tsallis density with H 6= 1/2
therefore does not imply dynamics with correlated sig-
nals, e.g., like those of fractional Brownian motion. As
an aside, there is no such thing as a “nonlinear Fokker-
Planck eqn.”, nonlinearity would contradict the Markov
process described by a Langevin eqn. We explain in addi-
tion why option pricing blows up if fat tails are included,
and show that our generalization of the Black-Scholes pde
is equivalent to the market Fokker-Planck pde for a spe-
cial choice of the expected stock interest rate and also de-
scribes a Martingale in the risk neutral discounted stock
price.

2Senior Fellow: COBERA Department of Economics, J.E.
Cairnes Graduate School of Business and Public Policy, NUI
Galway, Ireland.



32 Torino, Italy, June 29th - July 1st 2006

Symbolic dynamics and control in a
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In a recent paper, Levin [8] discusses the set of results pre-
sented over the last decade by various prominent physi-
cists which led to the conclusion that black holes seem
to be susceptible to chaos. Levin argues that the most
realistic description available of a spinning pair of black
holes is chaotic motion, and goes on to complain that in
physics and cosmology ”chaos has not received the atten-
tion it deserves in part because the systems studied have
been highly idealized”. In contrast, in economics we have
the interesting fact that even some of the most simple and
highly idealized models describing modern economies can
easily lead to chaotic dynamics3.
In this paper we apply the techniques of symbolic dynam-
ics and chaos control to the analysis of a labor market
model which shows chaotic behavior and large volatility
in employment flows. The possibility that chaotic dy-
namics may arise in modern labor markets had been to-
tally strange to economics until recently, at least as far
as we are aware of. However, in an interesting paper
Bhattacharya and Bunzel [1] have found that the discrete
time version of the Pissarides-Mortensen matching model,
as formulated in [9], can easily lead to chaotic dynamics
under standard sets of parameter values. This paper ex-
plores this version of the model having two basic objec-
tives in mind: (i) to clarify some open questions raised
in the paper of Bhattacharya and Bunzel by providing
a rigorous proof of the existence of chaotic dynamics in
the model; and (ii) to show that this type of dynamics
can be easily controlled by linear feedback techniques —
the OGY method — without producing modifications to
the original model, apart from locally changing its type
of stability. These two techniques may be of significant
importance for the study of economic theory and policy,
in particular, if complexity becomes more frequently en-
countered in the models developed to properly describe
the behavior of modern economies, and the view of purely
exogenous shocks as explaining cycles and volatility looses
its large predominance in contemporary economics.

[1] J. Bhattacharya and H. Bunzel, (Mimeo, Iowa State

3See, e.g., [11,2]. The potential for very complex behav-
ior significantly increases if models become somewhat less re-
ductionist, e.g., if heterogenous agents and different learning
processes are also taken into account, [6,4,5].

University, 2002).
[2] J. Benhabib,S. Schmitt-Grohé, and M. Uribe, (Mimeo,
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O. Gomes1, V.M. Mendes2, D.A. Mendes3,
J. Sousa Ramos4

1 Escola Superior Comunicação Social, IP Lisbon, Portugal.
2 ISCTE, Department of Economics, Lisbon, Portugal.
3 ISCTE, Department of Quantitative Methods, Lisbon, Portugal.
4 IST, Department of Mathematics, Lisbon, Portugal.

Since the early 1990s we have witnessed an increasing con-
sensus in the conduct of modern monetary policy. Good-
friend and King (1997) have labelled this new consensus
as ”The New Neoclassical Synthesis and the Role of Mon-
etary Policy”, while Clarida et al. (1999) called it the
”The Science of Monetary Policy: A New Keynesian Per-
spective”. This new framework is a natural extension of
the seminal idea developed by Taylor (1993), in which the
central bank should conduct monetary policy through an
aggressive and publicly known rule with commitment. In
fact, this emerging consensus turned upside down the ba-
sic prescriptions of monetary and fiscal policies of the old
Neoclassical Synthesis of the 60’s and 70’s, and has led
to a standard dynamic general equilibrium model so suc-
cessful that, as Laurence Ball has recently commented,
”the model is so hot that the Keynesians and Classicals
fight over who gets credit for it” (2005, 265).
In this paper we extend the standard model by intro-
ducing nonlinearity into the Phillips curve. As the lin-
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ear Phillips curve in the standard model is clearly at
odds with empirical evidence, a similar procedure has al-
ready been undertaken in a series papers over the last
few years, e.g., Semmler and Zhang (2004), Zhang and
Semmler (2003), Nobay and Peel (2000), and Dolado et
al. (2004). However, the main results obtained in these
papers (mostly based upon continuous time) either are
not substantially different from those of the linear case,
as the saddle-path stability continues to hold in most of
them, or show significant limitations because the partic-
ular form of nonlinearity considered leads to inherent dif-
ficulties in securing closed form solutions.
In contrast, under the specific form of nonlinearity pro-
posed in our paper (which allows for convexity and con-
cavity and secures closed form solutions), we show that
the introduction of a nonlinear Phillips curve into the
structure of the standard model in a discrete time and
deterministic framework produces radical changes to the
major conclusions regarding stability and the efficiency
of monetary policy. We should emphasize the following
main results: (i) instead of a unique fixed point we end
up with multiple equilibria; (ii) instead of saddle–path
stability, for different sets of parameter values we may
have saddle stability, totally unstable and chaotic fixed
points; (iii) for certain degrees of convexity and/or con-
cavity of the Phillips curve, where endogenous fluctua-
tions arise, one is able to encounter some results that seem
intuitively correct. Firstly, when the Central Bank pays
attention essentially to inflation targeting, the inflation
rate has a lower mean and is less volatile; secondly, when
the degree of price stickiness is high, the inflation rate
displays a larger mean and higher volatility; and thirdly,
the higher the target value of the output gap chosen by
the Central Bank, the higher is the inflation rate and its
volatility. Moreover, the existence of endogenous cycles
due to chaotic motion may raise serious questions about
whether the old dictum of monetary policy (that the Cen-
tral Bank should conduct policy with discretion instead
of commitment) is not still in the business of monetary
policy.
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cal Synthesis and the Role of Monetary Policy, in Ben
Bernanke and Julio Rotemberg (eds.), (NBER Macroe-
conomics Annual 1997, Cambridge, Mass.: MIT Press
1997), 231-282.
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Applying any strategy requires knowledge about the state
of the system. Unfortunately in the case of economy
collecting information is a difficult, expensive and time
consuming process. Therefore the information about the
system is announced within some well defined intervals,
e. g. company reports, inflation data, GDP etc. They
describe a market situation in some past. The time delay
is specific to the market branch. It can be very short (e.g.
stock market offer is updated every minute and this in-
formation is immediately available) up to months in the
case of agricultural market, when the decisions taken are
based on the results from the previous harvest.
The analysis of the information flow delay can be based on
the ACP model of spatial evolution of economic systems
[1]. The entities can move on a square lattice and when
meeting take one of the two following decisions: merge or
create a new entity. The decision is based on the system
state, which is known with some time delay. Two classes
of strategies are considered: with forecast and without
forecast. The effect of system’s feedback is investigated.
The stability conditions are analysed and the question
of a governmental control over systematically unstable
branches is discussed.

[1] M. Ausloos, P. Clippe, and A. P ekalski, Physica A
332, (2004), 394-402.
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We apply our estimation method of potential force to
Yen/Dollar and stock markets. We first introduce an op-
timal moving average price “P” and a super moving aver-
age price “PM” defined by M. Takayasu, et.al.. [1,2] The
super moving average PM (t) is a mean from P (t−M − 1)
to P (t). Dynamics of the optimal moving average P are
represented as follows

P (t + 1)−P (t) = −1

2
· b(t)

M − 1
· d

dP
(P (t)−PM (t))2+f(t), (3)

where b(t) and f(t) are a coefficient of the potential force
and a noise at time t. A time unit of the dynamics is 1
tick. We can estimate the market potential in real time
using the Eq.(1). We developed a general software called
“the PUCK Tool” as shown in Fig.1. The PUCK tool
displays news, a price chart of an hour time scale, a time
series of potential coefficient b(t), a price chart of 3 min-
utes time scale, the estimated potential function at the
time, and the standard deviation of the future price dif-
fusion modified by the dynamic effect.
The market potential is shown to have spontaneous fluc-
tuations and also it is affected by external factors such as
news. For example, the potential changed suddenly from
an attractive force b(t) > 0 to a repulsive one b(t) < 0
on the day of the 9-11 terrorism in 2001. A yen/dollar
rate collapsed after the potential change. On October 8,
1998, the yen/dollar rate spontaneously crashed. We can
find the potential coefficient b(t) had shown an unstable
market before October 8. Therefore, we can predict such
market crashes by using the PUCK tools.
The PUCK tools are helpful in a financial policy. For
example, we focus on the average of rate change for a
yen-selling & dollar-buying intervention in a yen/dollar
market. In the case of a repulsive force b(t) < 0, the av-
erage rate shifts about 0.4 yen/dollar after the interven-
tion. However, when the force is an attractive b(t) > 0,
the average rate doesn’t respond, enough. Therefore, an
efficiency of the intervention is good when the market has
the repulsive force.
In the workshop, we show many examples and statistical
laws of the market potential.

Fig.1 PUCK Tools

[1] M. Takayasu, T. Mizuno, T. Ohnishi, and H. Takayasu,
Practical Fruits of Econophysics - Proceedings of the
Third Nikkei Econophysics Symposium (Springer Verlag,
Tokyo. 2006), 29-32.
[2] M. Takayasu, T. Mizuno, and H. Takayasu,
http://arxiv.org/abs/physics/0509020.
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The study of financial market microstructure has been
recently the object of intense research. Continuous Time
Random Walks (CTRWs) are general models which is
able to capture market microstructure, specially that of
high frequency data. CTRWs were introduced by Mon-
troll and Weiss in 1965 and have a long history of suc-
cessful applications to physics, chemistry and geophysics
to name a few. To our knowledge, the application of the
CTRW to finance is quite recent and its potential has not
been fully developed [1-2].
In previous papers [3-4], we computed the mean exit time
out of a given region for a set of historical records of asset
prices. We detected regularities in the behaviour of this
magnitude across the companies. This fact impelled us
to develop theoretical models that could explain the ob-
served features of the mean exit time with a good degree
of accuracy.
Within the CTRW literature there have been two typical
magnitudes under a theoretical study: the mean exit time
and the survival probability. We now want to go further
from a theoretical point of view based on past observa-
tions.
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These magnitudes may be easily related to risk control.
The link between the value of the mean exit time and the
timescale of market fluctuations of a certain size is clear.
Therefore, its value may help, for instance, in deciding
the optimal horizon for an investment.
However, the mean exit time is only a statistic of a distri-
bution with even bigger interest: the survival probability,
the probability that after some elapsed time a process
remains inside a given region without having crossed its
boundaries. This quantity may outperform the standard
“Value at Risk” (VaR) method for two reasons: it will be
based on market probabilities different than the unrealis-
tic Gaussian distributions, and it will ensure (within the
desired quintile) that the market value of the portfolio
will not leave the safe zone.

[1] J. Masoliver, M. Montero, and G.H. Weiss, Phys. Rev.
E 67 (2003), 021112.
[2] J. Masoliver, M. Montero, J. Perelló, and G.H. Weiss,
Journal of Economic Behaviour and Organization (in
press).
[3] J. Masoliver, M. Montero, and J. Perelló, Phys. Rev.
E 71 (2005), 056130.
[4] M. Montero, J. Perelló, J. Masoliver, F. Lillo, S. Mic-
cich, and R.N. Mantegna, Phys. Rev. E 72 (2005),
056101.

Topology of foreign exchange markets
using hierarchical structure methods.
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This paper uses hierarchical techniques to extract an in-
ternational price influence topological map for 44 major
currencies.
The structure of asset price movements within the mar-
ket are extracted by use of synchronous correlation coef-
ficient matrices of daily difference of log prices to quan-
tify the ultrametric pricing distance between currencies.
Two techniques of hierarchical structure theory are used
to analyse the ultrametric distance matrices. The first
technique is the creation of a minimal spanning tree. The
second technique used is the creation of an ultrametric hi-
erarchical tree. We find that these two generate a defined
and robust scale free network with meaningful taxonomy,
which is fundamentally different from that obtained from
stock market topology. The topology is shown to be ro-
bust with respect to method, to time horizon and is sta-
ble during market crises. This topology gives a guide to

determining the underlying economic or regional causal
relationships for individual currencies and will prove use-
ful to understanding the dynamics of exchange rate price
determination as part of a complex network.

[1] G. Bonanno, G. Caldarelli, F. Lillo, and R.N. Man-
tegna, Topology of Correlation-based Minimal Spanning
Trees in Real and Model Markets, Phys. Rev. E 68
(2003), 046130.
[2] G. Bonanno, N. Vandewalle, and R.N. Mantegna, Tax-
onomy of Stock Market Indices, Phys. Rev. E 62 (2000),
R7615-7618.
[3] N.F. Johnson, M. McDonald, O. Suleman, S. Williams,
S. Howison, What shakes the FX Tree? Understanding
Currency Dominance, Dependency and Dynamics, Pro-
ceedings of SPIE the International Society for Optical
Engineering, 5848 (2005), 86-99.
[4] R. Mantegna, Hierarchical Structure in Financial Mar-
kets, Eur. Phys. J. B: Cond. Matt. 11 (1999), 193.
[5] M.A. Miceli and G. Susinno, Ultrametricity in funds
of funds diversification, Physica A 344 (2004), 95-99.
[5] J.-P. Onnela, A. Chakraborti, K. Kaski, and J.
Kertész, Dynamic Asset Trees and Black Monday, Phys-
ica A 324 (2003), 247.
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Using the powerful technique of Free Random Variables
we present a new and straightforward derivation of spec-
tral properties of several estimators of the financial cor-
relation matrices for correlated Wishart random matrix
models. Next we show how to unravel these estimators for
various types of asset and/or time correlated models, in-
cluding distance–dependent correlation matrices and ex-
ponentially weighted moving average. Then we generalize
presented results for the case of the data exhibiting heavy
tails, obtaining several new results for multivariate anal-
ysis of Lévy random matrices. The presented formalism
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is very general, and directly applicable for the cases of
other known probability distributions.

Relative efficiency in financial markets.
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We investigate the relative market efficiency for adi-
verse financial market data, using the Approximate en-
tropy(ApEn) method for a quantification of a complexity,
an irregularity and unpredictability in the time series. We
investigate the global foreign exchange market indices in
26 countries from 1984 to 1998. We find that the ApEn
for the Asian FX market except the Japan is smaller than
those for the European FX market. We also investigate
the individual stock in the S&P500 and the KOSPI stock
market from 1993 to 2003. The Averaged ApEn from the
S&P500 stock market is shown to be larger than one from
the KOSPI stock market. Notably, we find that the ApEn
value from the financial market, which has the market cri-
sis are decrease during the market crisis.

[1] S.M. Pincus, Proc Natl Acad Sci. 88 (1991), 2297-
2301.
[2] S.M. Pincus and B.H. Singer, Proc Natl Acad Sci. 93
(1996), 2083-2088.
[3] S.M. Pincus and R.E. Kalman, Proc Natl Acad Sci.
101 (2004), 13709-13714.
[4] J.P Bouchaud and M. Potters, Theory of Finan-
cial Risks: from Statistical Physics to Risk Managements
(Cambridge University Press, Cambridge, 2000).

Peculiar gain-loss asymmetry for
emerging stock markets.

K. Karpio1, A. OrÃlowski1,2, M. ZaÃluska-Kotur2

1 Katedra Ekonometrii i Informatyki SGGW, Warszawa, Poland.
2 Instytut Fizyki PAN, Warszawa, Poland.

Stock indices for some European emerging markets are
analyzed via an investment horizon approach. Gain-loss
asymmetry, originally found for American Dow Jones in-
dex, is observed. It happens however, that this asymme-
try has completely different character for emerging mar-

kets as compared to established ones. Austrian ATX
index and Dow Jones has been studied for comparison.
When mean waiting time is plotted as a function of abso-
lute return value, for established markets gain curve lies
typically above loss curve, whereas in the case of emerg-
ing markets situation is just the opposite. We propose
a measure of gain-loss asymmetry and try to provide an
interpretation to this unexpected result.

[1] M.H. Jensen, A. Johansen, F. Petroni, and I. Simon-
sen, Physica A 340 (2004) 678.
[2] M.H. Jensen, A. Johansen, I. Simonsen, Int. J. Mod.
Phys. B 17 (2003) 4003.
[3] M.H. Jensen, A. Johansen, and I. Simonsen, Physica
A 324 (2003) 338.
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Various risk types and their measures are introduced, in-
vestigated, and compared. It is shown that (and how)
their choice influences a portfolio optimization process
and its outcome. Some illustrative examples from War-
saw Stock Exchange are provided.
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social sciences.
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86135 Augsburg, Germany.
2 Department of Physics, Banaras Hindu University, Varanasi-

221005, India.
3 Fachbereich Chemie, Philipps-Universität Marburg, 35032

Marburg, Germany.

We review some statistical models of economic and so-
cial systems inspired by microscopic molecular models [1]
and discuss their stochastic interpretation. We consider
the application of these models to some examples of so-
cial systems, e.g. wealth exchange in economic models [2,
3]. The shape of the resulting stationary distribution de-
pends on a small number of key parameters of the system,
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that define and diversify the agent profiles. We show how
these parameters can be tuned in order to reproduce real
data and discuss their dynamical meaning.

[1] A. Chatterjee, S. Yarlagadda, and B.K. Chakrabarti,
Editors, Econophysics of Wealth Distributions (Springer,
2005).
[2] M. Patriarca, A. Chakraborti, K. Kaski, and G. Ger-
mano, in Ref. [1], p. 93.
[3] M. Patriarca, A. Chakraborti, and G.Germano, Phys-
ica A (2006), in press.
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A stochastic analysis of financial data is presented. Evi-
dence is given that the log return R(τ) upon different time
scales τ can be described as a Markov process evolving in
τ . Thus the τ -dependence of the probability density func-
tions (pdf) p(R, τ) on the time scale τ can be described
by a Fokker-Planck equation, a generalized diffusion equa-
tion for p(R, τ). With such a stochastic approach the gen-
eral joint pdf for arbitrarily many different time scales τi

can be described providing a non-equilibrium thermody-
namical description of the complexity of the data. Beside
the direct calculation of the coefficients from the data
a new method is shown how this coefficients can be ob-
tained. This new method utilizes an optimization process
based on conditional probability densities, computed di-
rectly from the data, yielding coefficients for an effective
Fokker-Planck equation. It is shown that the solutions of
the resulting Fokker-Planck equation describe the empiri-
cal pdfs correctly, including the pronounced fat tails. For
very small timescales (typically smaller than several min-
utes) this Markov process description is no longer valid
indicating a different stochastic behaviour for very small
timescales. A method is introduced in order to analyse
the shape evolution of the highly non Gaussian pdfs with
time scale parameter τ in this domain. We demonstrate
that for individual stocks a small timescale regime exists,
that exhibits a profound different evolution of shape in
the timescale τ . This regime seems to be universal for
individual stocks and based on a distinct relation of con-
secutive increments on small timescales.

The impact of heterogeneous trading
rules on the limit order book and order
flows.
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In the last few years several order driven microscopic
models have been introduced to explain the statistical
properties of asset prices. In this paper we develop a
model of an order-driven market where traders set bids
and asks and post market or limit orders according to ex-
ogenously fixed rules. The model developed here extends
the earlier one of Chiarella and Iori [1] in several impor-
tant aspects, in particular agents have heterogenous time
horizons and can submit orders of sizes larger than one,
determined by utility maximisation. The model seeks to
capture a number of features suggested by recent empir-
ical analysis of limit order data, such as fat-tailed dis-
tribution of limit order placement from current bid/ask;
fat-tailed distribution of order execution-time; fat-tailed
distribution of orders stored in the order book; long mem-
ory in the signs (buy or sell) of trades.
We analyze the impact of chartist and fundamentalist
strategies on the determination of both the placement
level and the placement size, on the shape of the book,
the distribution of orders at different prices, and the dis-
tribution of their execution time. We compare the results
of model simulations with real market data.

[1] C. Chiarella and G. Iori, Quantitative Finance 2
(2002), 346-353.
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We consider the roughness properties of NYSE (New York
Stock Exchange) stock-price fuctuations. The statistical
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properties of the data are relatively homogeneous within
the same day but the large jumps between different days
prevent the extension of the analysis to large times. This
leads to intrinsic finite size effects which alter the appar-
ent Hurst (H) exponent. We show, by analytical methods,
that finite size effects always lead to an enhancement of H
[1]. We then consider the effect of fat tails on the analysis
of the roughness and show that the finite size effects are
strongly enhanced by the fat tails. The non stationarity
of the stock price dynamics also enhances the finite size
effects which, in principle, can become important even
in the asymptotic regime. We then compute the Hurst
exponent for a set of stocks of the NYSE and argue that
the interpretation of the value of H is highly ambiguous in
view of the above results. Finally we propose an alterna-
tive determination of the roughness in terms of the fluctu-
ations from moving averages with variable characteristic
times. This permits to eliminate most of the previous
problems and to characterize the roughness in useful way.
In particular this approach corresponds to the automatic
elimination of trends at any scale [2].

[1] V. Alfi, F. Coccetti, M. Marotta, A. Petri, L.
Pietronero, preprint cond-mat/0601230.
[2] V. Alfi, F. Coccetti, A. Petri, L. Pietronero, preprint
physics/0602052.
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When John L. Kelly was working for Bell Labs, he
observed analogies between calculation of the optimal
player’s stake who enters in a gambling game and the
effective transmission of information in a noisy commu-
nication channel. During the last half century the strat-
egy which was proposed by Kelly becomes very popular
among gamblers inspired many authors of articles and
books. The original paper dates from 1956 and is hardly
available. Therefore, with the AT&T consent, it has been
recently reproduced in LATEX. Today, strategies based on
Kelly criterion are successfully adopted in financial mar-
kets, blackjack and even horse races. Kelly’s approach
allows for an interesting financial interpretation of the
Boltzmann-Shannon entropy. We analyze this topic and
the reasons why the use of the Kelly criterion, which is to
maximize the expected value of the logarithm of wealth,

gives an economic advantage over different strategies. We
explore the projective symmetry for a scientific explana-
tion of this fact. We analyse bookmaker’s bets and show
that this is a generalization of model described by Kelly.
Does the Kelly criterion unambigously specify the win-
ning strategy? In the thermodynamic limit the maximiza-
tion of the mean logarithm of the profit rate still leaves the
freedom of adopting different strategies. Because of calu-
lational dificulties, only the limit case of extreme profit
can be given in a concise analytical form. Kelly’s asso-
ciation suggests a method of describing effectiveness of
agents investing in the financial market in thermodynam-
ical terms.

[1] J.L.Kelly, Jr., Bell System Technical Journal 6 (1956),
917.
[2] W. Poundstone, Fortune’s Formula: The Untold Story
of the Scientific Betting System. That Beat the Casinos
and Wall Street , (Hill & Wang, New York, 2005).
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We investigate European transition economics and show
that for their financial indices majority of the time se-
ries are power-law correlated both serially and in the
magnitudes [1]. Regarding serial correlations, the results
in this study suggest that we can divide stock markets
into two groups: markets with strong power-law correla-
tions (e.g. Russia), and markets with no or only a weak
form of power-law dependence (e.g. Poland). We apply
phase-randomization procedure on the time series in or-
der to investigate possible nonlinearity in the financial
data. After phase-randomization procedure is applied,
we show that magnitude correlations completely vanish
in the data. To model the scaling behavior found in the
empirical data, we propose a process exhibiting the same
scaling properties[1-3]. The process is defined with only
one scaling parameter. We extend the process by intro-
ducing asymmetry in the probability distributions, where
asymmetry is controlled by only one extra parameter. We
show that commonly employed processes do not exhibit
the scaling properties found in the data.
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Non-parametric extraction of implied
asset price distributions.

J.V. Healy, M. Dixon, B.J. Read, F.F. Cai
CCTM, London Metropolitan University, 31 Jewry Street, London

EC3N 2EY, UK.

The statistical distribution of market prices can give clues
to the underlying mechanism driving them. The con-
ventional assumption of Brownian motion and associated
Gaussian distribution has known shortcomings, notably
for assessing risk of financial loss. Particularly useful in-
formation lies in the market prices of options contracts.
Options can be priced in terms of a discounted expecta-
tion with respect to the price probability distribution -
the risk neutral density (RND) function. In recent years,
there has been much interest in the recovery of the com-
plete RND. Market participants use it for investment de-
cisions. For risk management, knowledge of the entire
RND provides more information for Value-at-Risk calcu-
lations than implied volatility alone [1].
Extracting the RND is well defined in principle, but is
very sensitive to errors in practice. Typically, RNDs are
deduced from option prices by making a distributional as-
sumption, or relying on implied volatility [2]. We present
a fully non-parametric method for extracting such risk-
neutral densities from observed option prices. The aim is
to obtain a continuous, smooth, monotonic, and convex
pricing function that is twice differentiable. Thus, irreg-
ularities such as negative probabilities that afflict many
existing RND estimation techniques are reduced. Our
method employs neural networks to obtain a smooth pric-
ing function, and a central finite difference approximation
to the second derivative to extract the required gradients.
This novel technique was successfully applied for the first
time to a large set of FTSE 100 daily European exer-
cise (ESX) put options data and also to the correspond-
ing set of American exercise (SEI) put options. The re-
sults of paired t-tests showed significant differences be-
tween RNDs extracted from European and American op-
tion data, reflecting the distorting impact of early exer-
cise possibility for the latter. In particular, the results
for skewness and kurtosis suggested different shapes for
the RNDs implied by the two types of put options. How-
ever, both ESX and SEI data gave an unbiased estimate
of the realised FTSE 100 closing prices on the expira-
tion date of the options. We confirmed that estimates of

volatility from the RNDs from both types of option gave
unbiased estimates of the actually realised volatilities at
expiration.

[1] Y. Ait-Sahalia and A. W. Lo, Nonparametric Risk
Management and Implied Risk Aversion, Journal of
Econometrics 94 (2000), 9-51.
[2] B. Bahra, Implied Risk-Neutral Probability Density
Functions From Option Prices: Theory and Applications,
(Bank of England, Threadneedle Street, London, EC2R
8AH, 1997).

Wealth distributions: a review of mod-
els and empirical data.

P. Richmond, S. Hutzler, R. Coelho, P. Repetowicz
School of Physics, Trinity College, Dublin 2, Ireland.

We review briefly approaches aimed at understanding the
distribution of money in society since the first studies by
Pareto at the end of the 19th century. Data for UK in-
come distributions over the period 1992 to 2002 is exam-
ined in detail and compared with the log normal, Boltz-
mann and generalized Lotka-Volterra distribution func-
tions. We conclude that it is possible to describe the en-
tire income distribution from the low to medium income
range through to the Pareto power law region with a sin-
gle function of the Lotka Volterra type. It is not neces-
sary to invoke different mechanism for these two different
regions. We comment on values observed for the Pareto
exponent both in this study and by others in recent years.
Some observations relating to possible improvements re-
quired within the model will be discussed.

On the maximum drawdown during
speculative bubbles.

G. Rotundo1,2, M. Navarra2, A. Atiya3

1 Department of Business, Technological, and Quantitative

Studies, Faculty of Economics, University of Tuscia, Viterbo.
2 Department of Mathematics for Economics, Financial and

Insurance Decisions, Faculty of Economics, University of Rome

”La Sapienza”.
3 Department of Computer Engineering, Cairo University, Giza,

Egypt.

The importance of large drawdowns is well known in port-
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folio management problems. This paper aims to explore
within a probability framework [1, 4, 5, 6] the behavior of
maximum drawdown of stock market indices during peri-
ods of speculative bubbles due to endogenous causes. The
theory of speculative bubbles has been enhanced during
the last years by the models describing systems close to
some rupture point [3, 7] that evidence the role of log-
periodic functions as they emerge from a discrete scaling
invariance hypothesis. Huge data analyses support the-
oretical results by providing empirical evidence. In [2]
a wide comparative analysis over market indices is per-
formed, and in [3] the drawdowns are examined. This
papers starts from comparative analyses of the self simi-
larity properties of stock market indices modeled through
the above theory and therefore shows how to apply prob-
ability results in order to estimate the probability of the
occurrence of drawdowns.

[1] K. Debicki, Z. Michna and T. Rolski, Probability and
Mathematical Statistics 18 (1998), 83-100.
[2] A. Johansen, D. Sornette, Int. J. Theo. & Appl. Fi-
nance 4 (2001), 853-920.
[3] A. Johansen, D. Sornette, in Contemporary Issues in
International Finance (Nova Science Publishers, 2004), in
press.
[4] M. Magdon-Ismail and A. Atiya, Risk Magazine 17
(2004), 99-102.
[5] M. Magdon-Ismail, A. Atiya, A. Pratap, and Y. Abu-
Mostafa, Journal of Applied Probability 41 (2004), 147-
161.
[6] G. Rotundo, Physica A, 344 (2004), 77-80.
[7] N. Vandervalle, M. Ausloos, Ph. Boveroux, A.
Minguet, Eur. Phys. J. B 4 (1998), 139-141

Asset price dynamics in a financial
market with heterogeneous trading
strategies and time delays.

G. Garofalo1, A. Sansone2

1 University ”Tuscia” of Viterbo - Department of Managerial,

Technological and Quantitative Studies; University of Rome ”La

Sapienza” - Department of Public Economics.
2 University of Rome ”La Sapienza” - Department of Economic

Sciences; University of Technology, Sydney - School of Finance

and Economics.

In this paper we present a continuous time dynamical
model of heterogeneous agents interacting in a financial
market where transactions are cleared by a market maker.
The market is composed of fundamentalist, trend follow-
ing and contrarian agents who process information from

the market with different time delays. Each class of in-
vestors is characterized by path dependent risk aversion.
We also allow for the possibility of evolutionary switch-
ing between trend following and contrarian strategies. We
find that the system shows periodic, quasi-periodic and
chaotic dynamics as well as synchronization between tech-
nical traders. Furthermore, the model is able to generate
time series of returns that exhibit statistical properties
similar to those of the S&P500 index, which is charac-
terized by excess kurtosis, volatility clustering and long
memory.

[1] A. Beja and M. Goldman, Journal of Finance, Ameri-
can Finance Association 35 (1980), 235-248.
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Phys. Rev. A 36 (1987), 5365-5380.
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[9] B. Mandelbrot, A. Fisher, and L. Calvet, Working pa-
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[10] S. Nosé, J. Chem. Phys. 81 (1984), 511-519.
[11] R. Sethi, Structural Change and Economic Dynamics
7 (1996), 99-118.
[12] S. Thurner, E.J. Dockner, A. Gaunersdorfer, S.
Thurner, E.J. Dockner, and A. Gaunersdorfer, Working
paper, SFB-WP 93, University of Vienna (2002).

Frequency analysis of tick quotes on
foreign exchange markets and agent-
based model.

A.-H. Sato
Department of Applied Mathematics and Physics, Graduate

School of Informatics, Kyoto University, Kyoto 606-8501, Japan.

The recent accumulation of high frequency financial data
due to development and spread of information technolo-
gies has sparked considerable interest among researchers
[1,2]. Many researchers expect that they bring new find-
ing and insights to finance and physics [3,4]. On the other
hand agent-based models as complex systems are attract-
ing significant interest across a broad range of disciplines.
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Many agent-based models to explain behaviors of finan-
cial markets are proposed [5,8,6,7]. The agent-based mod-
els are expected to be an alternative to phenomenological
models that duplicate mimic market price fluctuations.
Specifically it seems to be worth to consider the explana-
tion capability of the agent-based models for causality.
In this presentation we show results of frequency analysis
of tick quotes on foreign exchange markets and propose
a simple agent-based model in order to explain the ob-
served behaviors of market participants in the markets
[9,10]. As results of frequency analysis for high frequency
financial data periodic behaviors of the market partici-
pants are observed. Moreover they appear and disappear
depending on observation periods. In order to confirm
them in detail we calculate spectrograms of the number
of tick quotes per unit time (market activity).
The agent-based model which consists of market partic-
ipants to decide three kinds of investment attitudes is
proposed to explain this periodic behavior of market par-
ticipants. In this model the agents perceive information in
environment, which are separated into exogenous factor
(news about events) and endogenous factor (news about
market fluctuations) and decide their actions based on
them. They have two thresholds to decide three kinds of
investment attitudes, namely, buying, selling, and wait-
ing.
From numerical simulation it is demonstrated the mar-
ket participants behave periodically even thought a pe-
riodical subthreshold exogenous signal not to influence
their decision-making directly exists. The stochastic dif-
ference equation for the market activity are derived ap-
proximately and it explains the periodic behaviors of mar-
ket participants. Furthermore it is clarified that the pe-
riodic behaviors of the market activity are dependent on
uncertainty of their decision-marking.
We conclude that appearance and disappearance of pe-
riodic behaviors observed in the market activity can be
explained if there exists a weak periodic exogenous signal.
The frequency analysis of the market activity is expected
to bring deep understanding and insights of financial mar-
kets.

[1] R.N. Mantegna and H.E. Stanley, An Introduction to
Econophysics – Correlations and Complexity in Finance–
, (Cambridge University Press 2000).
[2] M.M. Dacorogna, R. Gençay, U. Müller, R.B. Olsen,
and O.V. Pictet, An introduction to high-frequency fi-
nance, (Academic Press 2000).
[3] T. Ohnishi, T. Mizuno, K. Aihara, M. Takayasu, and
H. Takayasu, Physica A 344 (2004), 207-210.
[4] F. Petroni and M. Serva, Physica A 344 (2004), 194-
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[6] D. Challet, M. Marsili, and Y.-C. Zhang, Physica A
276 (2000), 284-315.
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How long does a trader wait until the
next price change?
–Queueing theoretical approach–

N. Sazuka1, J. Inoue2

1 Sony Corporation.
2 Hokkaido University.

We introduce a queueing theoretical approach to finan-
cial time series analysis. As one of the applications of the
queueing theoretical approach, we here analyze the aver-
age waiting time (AWT), which is defined as the mean
time for a trader to wait until the next price change from
any time point when they want to check the price, for
example when they login to their computer systems. In
order to evaluate the AWT, we use what we call Renewal-
reward theorem which is well-known in the field of queue-
ing theory. The theorem implies that the AWT is written
in terms of first and second moments of the distribution
of time intervals between price changes. Thus, the AWT
can be calculated by the theorem, if we have the explicit
form for the distribution. In this talk, we analyze the
AWT of the Sony bank USD/JPY rate both theoretically
and empirically using the theorem. The Sony bank rate
is the foreign exchange rate that Sony bank offers to their
customers on their online FX trading service. If the mar-
ket rate changes by more than 0.1 yen, the Sony bank rate
is updated to the market rate. Our data set is ∼ 31,000
data for the period of September 2002 to May 2004. We
find that the theorem is a good agreement with empirical
evidence. One of the authors (N.S.) showed previously
[1] that time intervals of Sony bank USD/JPY rate are
well approximated by a Weibull distribution. The theo-
rem gives that the AWT of the fitted Weibull distribution
is ∼ 44 minutes, which is close to empirical value of the
AWT ∼ 49 minutes. However, if we assume an exponen-
tial distribution describes a Poisson arrival process, the
theorem shows that the AWT is equal to the average time
interval between price changes ∼ 21 minutes [2], which is
less than half of empirical evidence. This fact is a jus-
tification for non-exponential time intervals of the Sony
bank USD/JPY rate as shown in [1] and consistent with
recent empirical studies of high frequency financial data



42 Torino, Italy, June 29th - July 1st 2006

[3,4]. The empirical evidence also shows that we actually
need to wait more than twice the average interval between
price changes.

[1] N. Sazuka, to appear in Busseikenkyu (2006), (in
Japanese).
[2] N. Sazuka, Eur. Phys. J. B 50 (2006), 129.
[3] E. Scalas, T. Kaizoji, M. Kirchler, J. Huber and A.
Tedeschi, Physica A 366 (2006), 463.
[4] M. Raberto, E. Scalas and F. Mainardi, Physica A
314 (2002), 749.

Growth and inequality processes: equi-
librium and non equilibrium models in
Physics and Economics.

E. Scalas
Università del Piemonte Orientale, Italy.

This presentation reviews models that have been devel-

oped in order to explain growth and inequality including:

Eleonora Bennati’s perfect gas model

John Angle’s one parameter inequality process

”Gibrat’s” law of proportional effects

– ”Sedulo curavi humanas actiones non ridere, non lugere,
neque detestari, sed intelligere” Baruch Spinoza, Tracta-
tus Politicus, (Opera Posthuma), Amsterdam, 1677.

Two-power law behavior in the per-
sonal income distribution.

A.M. Scarfone
Istituto Nazionale di Fisica della Materia (CNR-INFM) and

Physics Department, Unitá del Politecnico di Torino, Corso Duca

degli Abruzzi 24, I-10129 Torino, Italy.

It is widely observed that economical systems, and more
in general complex systems, are characterized by power-
law distributions. Quite often, these distributions show
a changing of the slope in the tail so that, more appro-
priately, they are multi-power-law distributions. For in-
stance, personal income distributions exhibit such a slope
changing for high income, giving origin to the well-know
Pareto region. We present a method to derive analytically

a two-power-law function starting from a single power-law
distribution recently obtained, in the frameworks of the
generalized statistical mechanics, by employing an opti-
mizing method applied to the Sharma-Taneja-Mittal in-
formation measure. In order to test the predictability of
the method we fitted the cumulative distribution of to-
tal personal income of several countries, obtaining a good
agreement for a wide range of data values.

[1] G. Kaniadakis, M. Lissia, and A.M. Scarfone, Physica
A 340, 41 (2004).
[2] G. Kaniadakis, M. Lissia, and A.M. Scarfone, Phys.
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Long-term memory in the Irish market
(ISEQ): evidence from wavelet analysis.

A. Sharkasi, H.J. Ruskin, M. Crane
School of Computing, Dublin City University, Dublin, Ireland.

Researchers have used many different methods to detect
the possibility of long-term dependence (long memory) in
stock market returns, but evidence is in general mixed.
In this paper, three different tests, (namely Rescaled
Range (R/S), its modified form, and the semi-parametric
method (GPH)), in addition to a new approach using
the discrete wavelet transform, (DWT), have been ap-
plied to the daily returns of five Irish Stock Exchange
(ISEQ) indices. These methods have also been applied
to the volatility measures (namely absolute and squared
returns). The aim is to investigate the existence of long-
term memory properties. The indices are Overall, Finan-
cial, General, Small Cap and ITEQ and the results of
these approaches show that there is no evidence of long-
range dependence in the returns themselves, while there
is strong evidence for such dependence in the squared
and absolute returns. Moreover, the discrete wavelet
transform (DWT) provides additional insight on the se-
ries breakdown. In particular, in comparison to other
methods, the benefit of the wavelet transform is that it
provides a way to study the sensitivity of the series to in-
creases in amplitude of fluctuations as well as changes in
frequency. Finally, based on results for these methods, in
particular, those for DWT of raw (or original), squared
and absolute returns, it can be concluded that there is
strong indication for persistence in the volatilities of the
emerging stock market returns for the Irish data.
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Geometry of financial markets – To-
wards information theory model of
markets.

E.W. Piotrowski1, J. SÃladkowski2
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Most of parameters used to describe states and dynamics
of financial market depends on proportions of the appro-
priate variables rather than on their actual values. There-
fore, projective geometry seems to be the correct language
to describe the theater of financial activities. We suppose
that the object of interest of agents, called here baskets,
form a vector space over the reals. A portfolio is defined
as an equivalence class of baskets containing assets in the
same proportions. Therefore portfolios form a projective
space. Cross ratios being invariants of projective maps
form key structures in the proposed model. Quotation
with respect to an asset Ξ (ie in units of Ξ) are given by
linear maps. Among various types of metrics that have fi-
nancial interpretation, the min-max metrics on the space
of quotations can be introduced. This metrics has an in-
teresting interpretation in terms of profit rates of return.
It can be generalized so that to incorporate a new numeri-
cal parameter (called temperature, cf [1,2]) that describes
agent’s lack of knowledge about the state of the market.
In a dual way, a metrics on the space of market quota-
tion is defined. In addition, one can define an interesting
metric structure on the space of protfolios/quotation that
is invariant with respect to hyperbolic (Lorentz) symme-
tries of the space of portfolios. The introduced formalism
opens new interesting and possibly fruitful fields of re-
search.

[1] E.W. Piotrowski and J. SÃladkowski, Acta Physica
Polonica B32 (2001), 597.
[2] E.W. Piotrowski and J. SÃladkowski, Physica A 301
(2001), 441.

Complexity Emergence in Economics:
theory and applications.

S. Solomon
Racah Institute of Physics, Hebrew University of Jerusalem.

I will review some generic mechanisms responsible for the
generic emergence of collective adaptive phenomena in a
wide range of economics applications.
In particular I will explain theoretically and illustrate
phenomenologically the role of discrete auto-catalytic
agents and discrete asynchronous interactions in the
emergence of economic complex phenomena.

[1] O.S. Klass, O. Biham, M. Levy, O. Malcai, and S.
Solomon, The Forbes 400 and the Pareto wealth distribu-
tion, to appear in Economics Letters.
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Complex economic systems structural
organization modelling.

V. Nechaev, V. Soloviev, A. Nagibas
Department of Economical Cybernetics Kryviy Rih Economic

Institute Kyiv National Economic University, Kryviy Rig, Ukraine.

One of the well-known results of the theory of manage-
ment is the fact, that multi-stage hierarchical organiza-
tion of management is unstable. Hence, the ideas ex-
pressed in a number of works by Don Tapscott (see, for
example, [1]) on advantages of network organization of
businesses over vertically integrated ones is clear. While
studying the basic tendencies of business organization in
the conditions of globalization, computerization and in-
ternetization of the society and the results of the finan-
cial activities of the well-known companies, the authors
arrive at the conclusion, that such companies, as IBM,
Boeing, Mercedes-Benz and some others companies have
not been engaged in their traditional business for a long
time. Their partner networks performs this function in-
stead of them. The companies themselves perform the
function of system integrators.
The Tapscott’s idea finds its confirmation within the
framework of a new powerful direction of the develop-
ment of the modern interdisciplinary science – the theory
of the complex networks (CN) [2]. CN-s are multifrac-
tal objects, the loss of multifractality being the indicator
of the system transition from more complex state into
more simple state. We tested the multifractal properties
of the data using the wavelet transform modulus max-
ima approach in order to analyze scaling properties of
our company. Comparative analysis of the singularity
spectrumf(α), namely, the difference between maximum
and minimum values of α (∆ = αmax − αmin) shows that
IBM company is considerably more fractal in comparison
with Apple Computer. Really, for it the value of ∆ is
equal to 0.3, while for the vertically integrated company
Apple it only makes 0.06 – 5 times less. The comparison
of other companies shows that this dependence is of gen-
eral character. Taking into consideration the fact that
network organization of business has become dominant
in the last 5-10 years, we carried out research for the se-
lected companies in the earliest possible period of time
which was determined by the availability of data in the
Internet, or by historically later beginning of stock trade
of computer companies. A singularity spectrum of the
first group of companies turned out to be considerably
narrower, or shifted toward the smaller values of α in the
pre-network period. The latter means that dynamic series
were antipersistant. That is, these companies‘ manage-
ment was rigidly controlled while the impact of market
mechanisms was minimized. In the second group of com-
panies if even the situation did changed it did not change
for the better. In addition, we discuss applications to the
construction of portfolios of stock that have a stable ratio

of risk to return.

[1] Tapscott D., Williams A., Digital 4Sight Inc 1 (2003),
2.
[2] Newman M.E.J. SIAM Review, 45 (2003), 167.

Importance of positive feedbacks and
over-confidence in a self-fulfilling Ising
model of financial markets.

D. Sornette
Institute of Geophysics and Planetary Physics and Department

of Earth and Space Science 3845 Slichter Hall, Box 951567

University of California, Los Angeles, California 90095.

We study a model of financial price dynamics resulting
from the collective aggregate decisions of agents. This
model incorporates imitation, the impact of external news
and private information. It has the structure of a dy-
namical Ising model in which agents have two opinions
(buy or sell) with coupling coefficients which evolve in
time with a memory of how past news have explained
realized market returns. We study two versions of the
model, which differ on how the agents interpret the pre-
dictive power of news. We show that the stylized facts
of financial markets are reproduced only when agents are
over-confident and mis-attribute the success of news to
predict return to herding effects, thereby providing pos-
itive feedbacks leading to the model functioning close to
the critical point. Our model exhibits a rich multifractal
structure characterized by a continuous spectrum of ex-
ponents of the power law relaxation of endogenous bursts
of volatility, in good agreement with previous analytical
predictions obtained with the multifractal random walk
model and with empirical facts.

[1] D. Sornette and W.-X. Zhou, Importance of Pos-
itive Feedbacks and Over-confidence in a Self-Fulfilling
Ising Model of Financial Markets, submitted to Jour-
nal of Economic Behavior and Organization, arXiv:cond-
mat/0503607.
[2] W.-X. Zhou and D. Sornette, Self-fulfilling Ising Model
of Financial Markets, submitted to Physical Review Let-
ters, arXiv:physics/0503230.
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Hitting time distributions in financial
markets.

D. Valenti, B. Spagnolo, G. Bonanno
Dipartimento di Fisica e Tecnologie Relative, Group of Interdis-

ciplinary Physics, Universit degli Studi di Palermo, viale delle

Scienze - edificio 18, I-90128 Palermo - Italy.

We analyze the hitting time distributions of stock price
returns in different time windows, characterized by dif-
ferent levels of noise present in the market. The study
has been performed on two sets of data from US markets.
The first one is composed by daily price of 1071 stocks
trade for the 12-year period 1987-1998, the second one is
composed by high frequency data for 100 stocks for the
4-year period 1995-1998. We compare the probability dis-
tribution obtained by our empirical analysis with those
obtained from different models for stock market evolu-
tion. Specifically by focusing on the statistical properties
of the hitting times to reach a barrier or a given thresh-
old, we compare the probability density function (PDF)
of three models, namely the geometric Brownian motion,
the GARCH model and the Heston model with that ob-
tained from real market data. We will present also some
results of a generalized Heston model.

[1] D. Sornette, Physics Reports 378 (2003), 1.
[2] R.N. Mantegna and H.E. Stanley, An Introduction to
Econophysics (Cambridge University Press, Cambridge,
2000).
[3] G. Bonanno and B. Spagnolo, Fluctuation and Noise
Letters 5 (2005), L159.

The growth of business firms: theoret-
ical framework and empirical evidence.

D. Fu1, S.V. Buldyrev1,4, F. Pammolli1,2, M. Riccaboni2,
K. Yamasaki3, K. Matia1, H.E. Stanley1

1Center for Polymer Studies and Department of Physics, Boston

University, Boston, MA 02215 USA.
2Faculty of Economics, University of Florence and IMT Institute

for Advanced Studies, Via S. Micheletto 3, Lucca, 55100 Italy.
3Tokyo University of Information Sciences, Chiba City 265-8501

Japan.
1,4Department of Physics, Yeshiva University, 500 West 185th

Street, New York, NY 10033 USA.

Gibrat, building upon the work of the astronomer Jacobus
Kapteyn, assumed the expected value of the growth rate
of a business firm’s size to be proportional to the cur-
rent size of the firm, the so called ”Law of Proportion-

ate Effect”. Several models of proportional growth have
been subsequently introduced in economics in order to
explain the growth of business firms. Herbert A. Simon
and co-author extended Gibrat’s model by introducing an
entry process according to which firm numbers rise over
time. In Simon’s framework, the market consists of a se-
quence of many independent “opportunities” which arise
over time, each of size unity. Models in this tradition have
been challenged by many researchers who found that the
firm growth distribution is not Gaussian but displays a
tent shape [1].
We introduce a general framework that provides an unify-
ing explanation for the growth of business firms based on
the number and size distribution of their elementary con-
stituent components [2]. Specifically, we present a model
of proportional growth in both the number of units and
their size, and we draw some general implications on the
mechanisms which sustain business firm growth. Accord-
ing to the model, the probability density function (PDF)
of growth rates is Laplace in the center with power law
tails decaying as P (g) ∼ g−ζ where ζ = 3.
Due to data limitations, previous studies in this field
have been focusing exclusively on the Laplace shape of
the body of the distribution. Thanks to a new economic
database on the size and growth of firms and products,
we are able to characterize the shape of the entire growth
rates distribution.
We test our model by analyzing different levels of aggre-
gation of economic systems, from the micro level of prod-
ucts to the macro level of industrial sectors and national
economies. We find that the model accurately predicts
the shape of the PDF of growth rate at all levels of ag-
gregation.

[1] M. H. R. Stanley, L. A.N. Amaral, S. V. Buldyrev,
S. Havlin, H. Leschhorn, P. Maass, M.A. Salinger, and
H.E. Stanley, Scaling Behavior in the Growth of Compa-
nies, Nature 379 (1996), 804–806. Discussed in detail
on pages 260-261 of Philip Ball, Critical Mass: How one
Thing Leads to Another [2005 Aventis Prize for best Sci-
ence book].
[2] A preliminary account of this work has recently ap-
peared: D. Fu, F. Pammolli, S.V. Buldyrev, M. Ric-
caboni, K. Matia, K. Yamasaki, and H.E. Stanley, The
growth of business firms: Theoretical framework and em-
pirical evidence, Proc. Natl. Acad. Sci. 102 (2005),
18801–18806.
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Opinion dynamics: How can one influ-
ence the social network?

D. Stauffer
Institute for Theoretical Physics, Cologne University, D-50923

Koln, Euroland.

The opinions of people have been modelled through one
or several integers or real nunbers; in the simplest case
each person has just one opinion (yes or now) on one
question. Voter or Axelrod models are examples from
last century, while in this century the model of Krause
and Hegselmann, of Deffuant et al, and of Sznajd be-
came fashionable. We check how a single person can influ-
ence the opinions of the rest of the population, a question
known as damage spreading in physics but going back to
Stuart Kauffman in genetics. Also the hierarchical opin-
ions of the terrorism model of Castillo-Chavez and Song
are checked in this aspect. Many of these simulations
are made on Barabasi-Albert networks, but also the reci-
procity variant of ethnologist Schnegg will be presented.

[1] D. Stauffer, S. Moss de Oliveira, P.M.C. de Oliveira,
and J.S. Sa Martins, Biology, Sociology, Geology by Com-
putational Physicists. (Elsevier, Amsterdam 2006); ISBN
978-OC0-444-52146-1.
[2] R. Albert and A.L. Barabasi, Rev. Mod. Phys. 74
(2002), 47.
[3] C. Castillo-Chavez and B. Song, in: Bioterrorism -
Mathematical Modeling Applications in Homeland Secu-
rity, edited by H.T. Banks and C. Castillo-Chavez (SIAM,
Philadelphia, 2003), 155; D. Stauffer and M. Sahimi, sub-
mitted to Phys. Rev. E.
[4] M. Schnegg, in preparation for Int. J. Mod. Phys. C.

Recurrence quantification analysis and
state space divergence reconstruction
for financial time series analysis.

F. Strozzi1, J.-M. Zaldivar2, J.P. Zbilut3

1 Quantitative Methods Group, Carlo Cattaneo University,

Castellanza, Italy.
2 European Commission, Joint Research Centre, Ispra, Italy.
3 Department of Molecular Biophysics and Physiology, Rush

Medical College, Chicago, USA.

The application of Recurrence Quantification Analy-
sis (RQA) [1] and State space divergence reconstruction
[2] for the analysis of financial time series in terms of
thresholds detection, cross-correlation [3] and forecasting
[4-5] is illustrated using high-frequency as well as daily

time series. The results indicate that these techniques,
able to deal with non-stationarity in the time series, are
able to help in the understanding of the complex dynam-
ics hidden on financial markets. Furthermore, a pos-
sible on-line trading strategy will be illustrated and the
results with high frequency foreign exchange time series
with and without transition costs shown.

[1] C.L. Weber Jr., and J.P. Zbilut, J. Appl. Physiol. 76
(1994), 965.
[2] J.M. Zaldivar, J. Bosch, F. Strozzi, and J.P. Zbilut,
CNNSNS 10 (2005), 299.
[3] F. Strozzi , J.M. Zaldivar and J.P. Zbilut, Physica A
312 (2002), 520.
[4] F. Strozzi and J.M. Zaldivar, Physica A 353 (2005),
463.
[5] F. Strozzi and J.M. Zaldivar, Chaos, Solitons and Frac-
tals 28 (2006), 601.

Econophysics of interest rates and the
role of monetary policy.

D.O. Cajueiro1, B.M. Tabak2

1 Universidade Catolica de Brasilia.
2 Banco Central do Brasil.

This paper presents empirical evidence using recently de-
veloped techniques in econophysics suggesting that the
degree of long-range dependence in interest rates depends
on the conduct of monetary policy. We study the term
structure of interest rates for the US and find evidence
that global Hurst exponents change dramatically accord-
ing to Chairman Tenure in the Federal Reserve Board and
also with changes in the conduct of monetary policy. In
the period from 1960’s until the monetarist experiment in
the beginning of the 1980’s interest rates had a significant
long-range dependence behavior. However, in the recent
period, in the second part of the Volcker tenure and in
the Greenspan tenure, interest rates do not present long-
range dependence behavior. These empirical findings cast
some light on the origins of long-range dependence behav-
ior in financial assets.
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Multifractality in interest rates and
monetary policy.

D.O. Cajueiro1, B.M. Tabak2

1 Universidade Catolica de Brasilia.
2 Banco Central do Brasil.

This paper studies the dynamics of Brazilian interest rates
for short-term maturities. Brazil has one of the highest in-
terest rates (both in nominal and real terms) in the world
and has changed monetary policy recently. The paper em-
ploys recently developed techniques in the econophysics
literature and tests for long-range dependence and multi-
fractality in the term structure of these interest rates for
the last decade. Empirical results suggest that the degree
of multifractality has changed over time due to changes
in monetary policy. Therefore, we show that it is possible
to identify monetary arrangements using these techniques
from econophysics.

Analysis of consumer purchasing data.

H. Takayasu, H. Inaoka
Sony Computer Science Laboratories Inc. 3-14-13 Higashigotanda

Shinagawa-ku, Tokyo, 141-0022 Japan.

We analyze high-precision daily records of sales of home
electronics. We firstly estimate the effect of calendar. By
summing up the total sales for each day of the week we
can easily confirm that the sales on Sunday or Saturday
are nearly 3 times larger than those on a weekday.
Then, after normalizing this calendar effect we introduce
the best moving average that minimizes residuary terms.
It is found that simple moving average with time scales
about 2 weeks makes the sum of square of residues mini-
mal and its autocorrelation vanishes immediately.
We observe the statistics of fluctuations around the best
moving average and found that the theoretical estimate
of Poisson processes fits nicely with the real data. This
result indicates that human action of purchase of con-
sumer goods can be modeled by a Poisson process with
the characteristic time scale about two weeks.

Physical meaning of potential forces
observed in the markets.

M. Takayasu1, T. Mizuno1, H. Takayasu2

1 Department of Computational Intelligence & Systems Science,

Interdisciplinary Graduate School of Science & Engineering,

Tokyo Institute of Technology, 4259-G3-52 Nagatsuta-cho,

Midori-ku, Yokohama 226-8502.
2 Sony Computer Science Laboratories, 3-14-13 Higashigotanda,

Shinagawa-ku, Tokyo 141-0022.

By comparing moving averages of various time scales we
can estimate potential forces working in the markets di-
rectly from the data [1]. I will review the method and
check its validity.
For pure random walks the statistics of the estimated
force follows a nearly Gaussian as shown in Fig.1. For
real data the distribution is quite different from this the-
oretical case, which clearly demonstrates the validity of
our analysis. Theoretically it can be shown that such
random walk in a moving potential function realizes in
the situation that each track of random walk produces
either attractive or repulsive forces. From the viewpoint
of physics this type of history-dependent random walk is
a new type that automatically has similar properties with
market price fluctuations.
In most cases the observed potential functions are nearly
symmetric and in such cases we can only predict the speed
of diffusion. However, there are cases that the potential
function becomes asymmetric when we can predict the
averaged direction of price changes.

Fig.1 The distribution of the coefficient of the potential

force. Simple random cases follow nearly Gaussian.
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[1] M. Takayasu, T. Mizuno, T. Ohnishi, and H. Takayasu,
Temporal characteristics of moving average of foreign ex-
change markets, in Practical Fruits of Econophysics, Pro-
ceedings of the Third Nikkei Econophysics Symposium,
(Springer Verlag, Tokyo. 2006), 29-32.
[2] M. Takayasu, T. Mizuno, and H. Takayasu,Potentials
of Unbalanced Complex Kinetics Observed in Market
Time Series, http://arxiv.org/abs/physics/0509020.

Volatility of stock market index of
different economies.

B.L. Lan, Y.O. Tan
School of Engineering Monash University 2 Jalan Kolej, Bandar

Sunway, Selangor, Malaysia.

The volatility, introduced by H. E. Stanley and co-workers
[Physica A 245 (1997) 441], of stock market index from
1997 to 2004 is studied for countries from three sub-
groups of economies classified by the International Mon-
etary Fund: developing Asian countries, newly industri-
alized Asian economies and major advanced economies.
For all markets, the volatility for small time windows is
well-fitted by a lognormal probability density in the cen-
tral part. The developing Asian countries have the largest
lognormal shape parameters, except Chinas SSEC and In-
dias SENSEX. The shape parameters for these two devel-
oping countries are closer to those for the newly industri-
alized Asian economies; in particular, the shape parame-
ter for Chinas SSEC is close to the one for Hong Kongs
HSI. The shape parameters for the newly industrialized
Asian economies are in between those for the developing
Asian countries and major advanced economies, consis-
tent with the results [Physica A 324 (2003) 183] for the
generalized Hurst exponent for the second-order moment
of the increments of natural-log(index).

Periodic attractors of random trunca-
tor maps.

T. Theodosopoulos1, B. Boyer2

1 IKOS Research, 9 Castle Square, Brighton, BN1 1DZ, United

Kingdom.
2 Department of Mathematics, Drexel University, Philadelphia,

PA 19104, USA.

This paper introduces the truncator map as a dynamical
system on the space of configurations of an interacting

particle system. We represent the symbolic dynamics gen-
erated by this system as a non-commutative algebra and
classify its periodic orbits using properties of endomor-
phisms of the resulting algebraic structure. A stochas-
tic model is constructed on these endomorphisms, which
leads us to the classification of the distribution of peri-
odic orbits for random truncator maps. This framework
is applied to investigate the periodic transitions of Born-
holdt’s spin market model.
In particular, let Ω = [−1, 1]N for some positive dimen-
sion N and consider a set {Sj}M

j=1 of mutually exclusive
and exhaustive subsets of Ω. A typical example will be
the generalized quadrants, i.e.

Sj =

(
x ∈ Ω |sgn(xi) = αi, 1 ≤ i ≤ N and

NX
i=1

αi2
i = 4j + 2− 2N+1

)
,

where the unique set of {αi} denotes the binary decom-
position of the integer j ≤ M .
Given a mapping f : Ω −→ Ω, we define the truncator
map as the following discrete dynamical system:

x(n + 1)i = x(n)isgn
�
f (x(n))i

�
. (4)

In this paper we specialize to the case of shuffling maps,
i.e. f which can be expressed as a set of invertible oper-
ators Aj associated with each component Sj of Ω.
Specifically, consider the finite group G = {1, 2, . . . , M}
endowed with an operation ◦ such that, for every g ∈ G,
g ◦g = 1. This group is naturally isomorphic to the cyclic
product group Z2×Z2× . . .×Z2 of M factors, which can
be represented as a modulo multiplication group Mn for
some large enough n such that φ(n) = M , where φ is the
Euler totient function. In this setting, assign an invertible
operator Aj to each component Sj of Ω, with the prop-
erty that Aj (Si) = Si◦j . The associated shuffling map is
given by a mapping ϕ : G −→ G such that f |Si = Aϕ(i).
Using this notation, the resulting truncator dynamics can
be described as

x(n + 1) =

MX
i=1

Aϕ(i) (x(n))1Si (x(n)) . (5)

These dynamics arise in a variety of settings. We were
driven to study the truncator dynamics because they rep-
resent the frozen phase limit (β →∞) of a class of inter-
acting particle systems describing economic interactions
and opinion formation [1,8]. In this setting, the points x
represent configurations of a spin network and the shuf-
fling map represents the interaction Hamiltonian that de-
scribes the influence of local and global effects to the flip-
ping of individual spins.

[1] M. Badshah, R. Boyer, and T. Theodosopou-
los, Properties of a renewal process approx-
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Analysis of stochastic evolution.

F. Vallone
Department of Economics, University of Turin, Via Po 53, Turin,

Italy.

Many studies in Economics and other disciplines have
been reporting distributions following power-law behav-
ior (i.e distributions of incomes (Pareto’s law), city sizes
(Zipf’s law), frequencies of words in long sequences of
text etc)[1]. This widespread observed regularity has been
explained in many ways: GLV equations, self-organized
criticality and highly optimized tolerance [2,3,4]. The

evolution of the phenomena exhibiting power-law behav-
ior is often considered to involve a varying, but size in-
dependent, proportional growth rate, which mathemat-
ically can be modeled by geometric Brownian motion
dXt = rtXtdt+αXtWt where Wt is white noise or the in-
crement of a Wiener process. It is the primary purpose of
this article to study both the upper tail and lower tail of
the distribution following the geometric Brownian motion
and to correlate this study with recent results showing
the emergence of power-law behavior from heterogeneous
interacting agents [5]. The result is the appearance of
similar properties across a wide range of applications.

[1] R. Axtell, Zipf distribution of U.S. firm sizes in Sci-
ence 293 (2001), 1818-1820.
[2] S. Solomon, Generalized Lotka-Volterra Equation in
Econophysics 97 (1998), eds. Imre Kondor and Janos
Kertes.
[3] X. Gabaix, Zipfs law for cities: an explanation in
Quarterly Journal of Economics 114 (1999), 739-767.
[4] N. Newman, The power of design in Nature 405
(2000), 412-413.
[5] D. Delli Gatti, C. Di Guilmi, E. Gaffeo, G. Giulioni,
M. Gallegati, and A. Palestrini, A. A new approach to
business fluctuations: heterogeneous interacting agents,
scaling laws and financial fragility in Journal of Economic
Behavior & Organization 56 (2005), 489-512.

Long term market structure from coin-
tegration maps.

R. Vicente1, N. Caticha2

1 Escola de Artes, Ciências e Humanidades, Universidade de São

Paulo, Brazil.
2 Instituto de F́iısica, Universidade de São Paulo, Brazil.

We employ the Bayesian framework [1] to define a coin-
tegration [2] distance between two assets. We also ad-
dress the question of cointegration transitivity within the
same framework. For clustering and visualization of pair-
wise relationships in a set of assets we calculate a dis-
tance matrix and introduce a map based on the Sorting
Points Into Neighboorhoods (SPIN) technique [3], which
has been previously used to analyse large data sets from
DNA arrays. We compare the correlation and cointegra-
tion maps in four data sets: stock indices, US interest
rates, foreign exchange and GDPs. We advocate coin-
tegration maps as a suitable tool to study the market
structure at macroeconomic time scales.
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Valuation of stochastic interest rate se-
curities with time dependent variance.

J. Villarroel
Univ. de Salamanca, Fac. de Ciencias, Plaza Merced s/n,

Salamanca 37008, Spain.

We consider the problem of valuation of interest rate se-
curities. We show how to generalize the results of Cox,
Ingersoll and Ross to the case where the stochastic evo-
lution of the interest rate involves time dependent coeffi-
cients and the payoff is arbitrary. We solve this problem
in terms of the propagator for the heat operator with a
potential.

Analysis of the Japanese government
intervention on the domestic piglets
production market.

K. Sakai1, N.K. Vitanov2, I.P. Jordanov2

1 Department of Eco-Regional Science, TUAT, Saiwai-Cho,

Fushu-shi, Tokyo, 183-8509 Japan.
2 Institute of Mechanics, Bulgarian Academy of Sciences, Akad.

G. Bonchev str., Bl. 4, 1113 Sofia, Bulgaria.

Before the oil crisis in 1974 the prices and the number of
produced piglets in Japan fluctuated with large amplitude
and this created problems to farmers who were unable to
plan their future production as well as to the customers
who were uncertain about the prices in the near future.
As a reaction of the instability of the imports after 1974
the Japanese government introduced various regulation
measures in order to make the Japanese economy more
adaptive. Here we discuss the results of the measures
concerning the piglets production market [1]. The dis-
cussion is based on the analysis of the time series for the
piglet prices and piglet production numbers by the means
of the methods of the nonlinear time series analysis [2,3].
We show that the regulation politics was very successful
and has lead to decreasing unpredictability of the prices
and to a smoothing of the piglet production.

[1] K. Sakai. Nonlinear Dynamics and Chaos in Agricul-
tural Systems (Elsevier, Amsterdam, 2001).
[2] H. Kantz, T. Schreiber. Nonlinear Time Series Anal-
ysis (Cambridge University Press, Cambridge, 1997).
[3] N. K. Vitanov, K. Sakai, SAMS 43 (2003), 815.

Extracting the exponential behaviors
in the market data.

K. Watanabe1, H. Takayasu2, M. Takayasu1

1Department of Computational Intelligence & Systems Science,

Interdisciplinary Graduate School of Science & Engineering,

Tokyo Institute of Technology, 4259-G3-52 Nagatsuta-cho,

Midori-ku, Yokohama 226-8502.
2Sony Computer Science Laboratories, 3-14-13 Higashigotanda,

Shinagawa-ku, Tokyo 141-0022.

Market prices sometimes show exponential growth or de-
cay in cases of bubbles or crashes. If we can find such dy-
namical behaviors from the real time market data, we will
be able to avoid big market confusion caused by the large
fluctuations. In this paper we present our general ap-
proach of extracting exponential behaviors for any given
time series data.
Our algorithm is based on a weighted-moving-average or
the autoregressive model in the non-stationary parame-
ter range. First we fix the observation time-scale and
find the best-fit exponential trend in each piece of data.
Next, we subtract the exponential contribution and ap-
proximate the residual fluctuation by the standard AR
model. Then, we check the statistical validity of this set
of approximations and repeat the process for various ob-
servation time-scales.We will argue at what time-scale the
real price fluctuation shows the non-stationary dynamical
behaviors most clearly.

Fig.1 An examples of given data(dots), exponential
trends (line), and the basic prices of the divergences

and the convergences (heavy line).
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Distribution of log-returns in the Hes-
ton model obtained by subordination
to the fluctuating number of trades.

A.C. Silva1 and V.M. Yakovenko2

1 EVA Funds, 456 Montgomery Street 800, San Francisco, CA

94104, USA.
2 Department of Physics, University of Maryland, College Park,

MD 20742-4111, USA.

It is well known that the probability distribution Pt(x)
of log-returns x after a time lag t is not Gaussian.
These deviations are often associated with the power-
law tails. However, the central part of the distribu-
tion is also strongly non-Gaussian and typically has the
double-exponential (Laplace) shape for short t [1]. (This
is also true for hydrodynamic turbulence in physics [2].)
In Ref. [1], we quantitatively fitted the evolution of the
stock market data for Pt(x) from the double-exponential
(Laplace) distribution to the Gaussian distribution with
the increase of t using the solution [3] of the Heston model
with stochastic volatility. Here we show that the Heston
model can be represented by a Gaussian process subordi-
nated to a stochastic integrated variance Vt =

R t

0
σ2

t′ dt′,
where σt is the instantaneous volatility, and derive the
probability distribution Pt(Vt) [4]. We conjecture that
the integrated variance Vt can be identified with the num-
ber of trades Nt during the time interval t. We show that
the distribution of log-returns after N trades is approxi-
mately Gaussian, but the probability distribution Pt(N)
is given by a non-trivial function derived from the Heston
model, thus giving a non-trivial Pt(x). We analyze the
high-frequency stock-market data and find that this con-
jecture indeed works reasonably well for mesoscopic time
lags t from about an hour to a month [4]. Subordina-
tion can be also interpreted as a continuous-time random
walk with stochastic mapping from time t to the number
of trades Nt occurring during the time t.

[1] A.C. Silva, R.E. Prange, and V.M. Yakovenko,
Physica A 344 (2004), 227.
[2] N. Goldenfeld and L. P. Kadanoff, Science 284 (1999),

87.
[3] A. Drăgulescu and V. M. Yakovenko, Quantitative
Finance 2 (2002), 443.
[4] A. C. Silva, Ph. D. Thesis (2005),
arXiv:physics/0507022.

Characterization of foreign exchange
market using the threshold-dealer-
model.

K. Yamada1, H. Takayasu2, M. Takayasu3

1 Tokyo Institute of Technology.
2 Sony Computer Science Laboratories.
3 Tokyo Institute of Technology.

Generalizing the threshold-dealer-model [1], we introduce

a new model which widely implements empirical laws in

the markets such as the distribution of price difference,

long term memory of volatility, statistical property of

transaction intervals and abnormal diffusion in short

time scales.

We explain the basic properties of the model and show

the way of tuning parameters to fit with foreign exchange

market data. It becomes clear that the parameters are

not constant but modulate in long time scale. As a result

of our analysis we can predict various hidden parameters

of the market such as the ratio of market followers and

contrarians which is the key parameter of market stability.

Fig.1 It shows the long term memory of volatility. Both
the real data and the simulation result follow power-law.

[1] H.Takayasu,H.Miura,H.Hirabayashi and K.Hamada,
Physica A 184 (1992), 127-134.
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Scaling and memory in intraday volatil-
ity return intervals in stock markets.

F. Wang, K. Yamasaki1, A. Bunde, H.E. Stanley, S.
Havlin
1Tokto Unoversity of Information Sciences, Chiba, Japan.

We study the return interval, tau, between price volatil-
ities that are above a certain threshold q for 31 intraday
data sets, including the Standard and Poor’s 500 index
and the 30 stocks that form the Dow Jones Industrial
index. For different threshold q, the probability den-
sity function Pq(τ) scales with the mean interval < τ >
as Pq(τ) = τ−1 f(τ/ < τ >), similar to that found in
daily volatilities. Since the intraday records have signif-
icantly more data points compared to the daily records,
we could probe for much higher thresholds q and still ob-
tain good statistics. We find that the scaling function
f(x) is consistent for all 31 intraday data sets in various
time resolutions, and the function is well-approximated
by the stretched exponential, f(x) exp[−a xγ ], with γ =
0.38 + / − 0.05 and a = 3.9 + / − 0.5, which indicates
the existence of correlations. We analyze the conditional
probability distribution Pq(τ |τ0) for tau following a cer-
tain interval τ0, and find that Pq(τ |τ0) depends on τ0,
which demonstrates memory in intraday return intervals.
We also find that the mean conditional interval < τ |τ0 >
increases with τ0, consistent with the memory found for
Pq(τ |τ0). Moreover, we find that return interval records,
in addition to having short-term correlations as demon-
strated by Pq(τ |τ0), have long-term correlations with cor-
relation exponents similar to that of volatility records.

The matrix rate of return.

A. Zambrzycka1, E.W. Piotrowski2

1 Institute of Physics, University of Silesia, Uniwersytecka 4, Pl

40007 Katowice, Poland. 2 Institute of Mathematics, University

of BiaÃlystok, Lipowa 41, Pl 15424 BiaÃlystok, Poland.

The goal of capital investments is maximise of profits and
a possible losses minimisation. Investors diversify invest-
ment risk by forming a complex basket. The description
of evolution of this multidimensional capital has to re-
spect both a quantitative changes of individual elements
and flows between them. This assumption leads to gen-
eralisation of the interest rate calculation to matrix rate.
In this paper we give the definitions of the matrix rates
of return which do not depend on choice of base describ-
ing a baskets and we give theirs economic interpretation.
The proposed approach leads to capital flow description in
terms of differential and difference equations. Matrix rate

of return describes baskets of arbitrary type and extends
portfolio analysis to the complex variable domain. This
allows for simultaneous analysis of evolution of complex
baskets in both continuous and discrete time models.

Heterogeneity of trading at the London
stock exchange.

I.I. Zovko1,2,3, D. Farmer4

1 CENDEF, University of Amsterdam, The Netherlands.
2 Croatian National Bank (HNB), Zagreb, Croatia.
3 Zagreb school of economics and management (ZSEM), Zagreb,
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In this paper we examine the influence of agent hetero-
geneity on some aspects of the trading process, both on
a limit order market and a block market. This is possible
by analysing a unique data set from the London Stock
Exchange (LSE) which contains agent codes associated
with each order and transaction for both markets used at
the LSE (a limit order book and a block market). The
research takes on several directions.
We first analyse the heterogeneity in the daily volumes
agents transact and its influence on prices: From the data
it is possible to infer the total transacted daily volume
for each agent. We examine how the inequalities in this
agent volume composition influence prices. We investi-
gate the differences in trading and price reaction when
there is a large agent (one that traded a large fraction
of the daily volume) transacting with a number of small
ones, a large agent transacting with a large counterpart,
and small agents transacting with other small agents.
Next we examine the structure of networks resulting from
trading. We construct a network for each day by link-
ing two traders that made a transaction during that day
and contrast the networks resulting from limit order book
trading and block market trading.
We also investigate the aspects in which an agent’s indi-
vidual market impact differs from other agents’ impacts.
By being able to track an agent, we can construct his/her
individual impact function (both as a function of volume
and time delay from the trade). We then investigate if
there are simple explanatory variables for the variation
in market impact such as average trade size, total vol-
ume, etc.
Finally, we construct a simple measure of an agent’s
”strategy” by looking at hourly time intervals and record-
ing whether the agent was a net buyer or a net seller in
that time period. We investigate the correlations in such
strategies for all agents through an analysis of eigenval-
ues of the correlation matrix. Last, we show that pairwise
correlations in strategies persist over a period of time (in
this case two months).
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Pȩkalski A., 33
Pammolli F., 45
Papp G., 35
Patriarca M., 36
Pearce C., 16
Peinke J., 37
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