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L.-E. Cederman*, L. Girardin

Growing Sovereignty: Modeling the Shift from Indirect to
Direct Rule

ETH Zurich, Switzerland

Drawing on theories of historical sociology, we model the emergence of
the territorial state in early modern Europe. Our modeling effort focuses
on systems change with respect to the shift from indirect to direct rule.
We first introduce a one-dimensional model that captures the tradeoff
between organizational and geographic distances. In a second step, we
present an agent-based model that features states with a varying number
of organizational levels. This model explicitly represents causal mech-
anisms of conquest and internal state-building through organizational
bypass processes. The computational findings confirm our hypothesis
that technological change is sufficient to trigger the emergence of mod-
ern, direct state hierarchies. Our theoretical findings indicate that the
historical transformation from indirect to direct rule presupposes a lo-
gistical, rather than the commonly assumed exponential, form of the
loss-of-strength gradient.

A. Clauset®, M. Young, L. Heger, K.S. Gleditsch,
Dynamics of Terrorist Groups
Santa Fe Institute, USA

The behavior of terrorist groups may seem highly strategic and thus
largely contingent (unpredictable), however, by taking a comparative
approach in considering data on terrorist attacks, we find that surprising
patterns emerge. In this talk, Ill describe recent work on discovering and
understanding the structure of terrorist attacks over the past 40 years,
and in particular the regular behavior of terrorist organizations. These
results shed new light on the origin of severe terrorist attacks and point
to fundamental constraints on the dynamics of terrorism.
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D. Helbing

Cooperation and Conflict in the Prisoner’s Dilemma and the
Emergence of Norms

ETH Zurich, Switzerland

According to Thomas Hobbes” Leviathan, ”the life of man [is] solitary,
poor, nasty, brutish, and short”, and it would need powerful social in-
stitutions to establish social order. In reality, however, social cooper-
ation can also arise spontaneously, based on local interactions rather
than centralized control. The self-organization of cooperative behavior
is particularly puzzling for social dilemmas related to sharing natural re-
sources or creating common goods. Such situations are often described
by the prisoner’s dilemma. Here, we report the sudden outbreak of
predominant cooperation in a noisy world dominated by selfishness and
defection, when individuals imitate superior strategies and show success-
driven migration. In our model, individuals are unrelated, and do not
inherit behavioral traits. They defect or cooperate selfishly when the
opportunity arises, and they do not know how often they will interact
or have interacted with someone else. Moreover, our individuals have
no reputation mechanism to form friendship networks, nor do they have
the option of voluntary interaction or costly punishment. Therefore, the
outbreak of prevailing cooperation, when directed motion is integrated
in a game-theoretical model, is remarkable, particularly when random
strategy mutations and random relocations challenge the formation and
survival of cooperation clusters. Finally, new results will be presented
on the issue of conflict in the prisoner’s dilemma and on the emergence
of norms, when group dynamical effects are taken into account.

Lit.: D. Helbing and W. Yu (2009) The outbreak of cooperation among

success-driven individuals under noisy conditions. Proceedings of the
National Academy of Sciences USA (PNAS), 106 (8), 3680-3685.
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N.F. Johnson

Brains not Bullets? From Terrorism, Insurgencies and Drug
Wars, to Street Gangs and World of Warcraft

Unwversity of Miami, USA

In previous work, we suggested that common dynamical patterns under-
lie the evolution of irregular warfare and global terrorism. We offered a
simple model to explain all these findings, based on a common ’soup’ of
continually evolving attack units. This talk updates this line of research,
in light of new results. In addition to confirming the robustness of our
model, these results offer a quantitative explanation of why the insur-
gent war in Iraq, and the drug war in Colombia, have evolved in the way
that they have — and how the emerging wars in Afghanistan and Mexico
might evolve in the future. These findings strengthen our earlier hy-
pothesis that the commonality of observed dynamics are a consequence
of how humans naturally 'do’ conflict, irrespective of the individual con-
flict’s specific origin, geographic location, ideology, and religious issues.
Having established the quantitative power of our model, we use it to
predict the duration of wars, and test out the consequences of different
intervention strategies. We then turn to look at the connection with
transnational 'maras’, street gangs, and online gangs which form around
Internet role-playing games such as World of Warcraft.

*This research is performed with the help of: Z. Zhao and J. Bo-
horquez, Physics Department, University of Miami, Florida; P.M. Hui
and X. Chu, Physics Department, Chinese University of Hong Kong; G.
Tita, Department of Criminology, University of California, Irvine; N.
Ducheneaut, Computer Science, Palo Alto Research Center, California;
M. Spagat, Royal Holloway College, London U.K.; S. Gourley, Oxford
University; E.M. Restrepo, International Studies, University of Miami

A. Bar-Haim
Commitment as Unrewarded Behaviour
Open University of Israel, Israel

The purpose of my presentation on commitment is to show that in its

16



core resides unrewarded behaviour, which is rare but essential to the con-
duct of social communities. Commitment is defined as an unequivocal
behaviour of delivery, carried out under the worst conditions, when com-
munities are unable to reward it. Unrewarded commitment is explored
among 316 respondents. The newly defined commitment is mapped
against conventional scales of commitment, and measures of perceived or-
ganizational power, perceived employment alternatives, personal values.
Two types of unrewarded behaviour are identified: unrewarded commit-
ment, which is not unrelated to traditional measures of commitment,
such as affective and normative commitment, and extreme or Sisyphean
unrewarded commitment, which displays organizational behaviour even
with no affective, normative or instrumental attachment to the commu-
nity.

G.L. Ciampaglia®, A. Vancheri, P. Giordano
Collaboration and Conflict on Wikipedia
Unwversity of Lugano, Switzerland

We present a model of the collaborative process of document authoring
that takes place in the free online encyclopedia Wikipedia. We con-
sider the process of editing of a Wikipedia page by a group of agents
with different opinions (points of view on the topic of the page), which
are continuous variables, coupled with a time-inhomogeneous process for
the WWW browsing to the page, in which motivational factors for the
participation to the collaborative process affect the rate of visits to the
page. The model of editing takes inspiration from response models of
biological neurons. Social interactions between agents are thus mediated
by the content of the page. In this original context of opinion dynamics,
editors and regular users of Wikipedia are seen as actors having different
objectives about what the point of view expressed by a Wikipedia page
should be like, and modify it using a simple greedy heuristic. Interest-
ing phenomena like the emergence of a shared, neutral point view may
then be cast in the light of this dynamics of opinions. When the model of
opinion dynamics is considered in isolation, simulations show that agents
with opinions and rates of activity that are fixed in time converge on a
pages opinion that reflect, on average, a shared point of view between
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the editors. We show this phenomenon using agent-based simulations.
This happens regardless of the distribution of opinions on the population
of editors and users. When the dynamics of the motivational level of the
users is considered in combination with the above editing mechanism,
however, the model shows an interesting phenomenon of self-organization
related to the selection of a subgroup of highly motivated agents, whose
level of motivation is in turn dictated by how much these editors have
been successful in the process of collaborative writing. Thus the content
that is being built exercises a form of selection on the group of cooper-
ating individuals: this is indeed a phenomenon that Wikipedia shares
with many other social media and online communities, like Open Source
communities, online discussion forums, etc. and thus this model could
be also useful to understand the nature of the social interactions of many
classes of social media.

J.R. Iglesias®, V. Semeshenko, M.B. Gordon, J.-P. Nadal

How Crime Bursts Can Occur with Minor Changes in
Retribution Policy

UFRGS, Brazil

We model a system of interacting agents characterized by a given wealth
and a certain criminal propensity, measured by an honesty coefficient.
This honesty is related to intrinsic factors, like moral barriers, and ex-
trinsic ones, as the risk of being imprisoned if committing an offense. In
the simulation the honesty level of the agents is variable, and a function
of the level of punition, on one hand, and on the contact with other
agents (learning or contagion effect) on the other hand. The number of
crimes per habitant is measured as a function of the probability of being
caught. A sharp phase transition is observed as a function of the prob-
ability of punishment. That means that once criminality has attained a
high level, the probability of retribution must considerably increase in
order to come back to a state of low criminality. Also, some precursor
signals are observed that indicate possible bursts of crime activity. We
also analyze other consequences of criminality as the growth of the econ-
omy, the inequality in the wealth distribution (the Gini coefficient) and
other relevant quantities under different scenarios of criminal activity

18



and probabilities of apprehension.

H. Rauhut
How Norms Generate Conflict
ETH Zurich, Switzerland

Recently, there has been progress in understanding the importance of so-
cial norms to establish social order. While the current literature focuses
on understanding normative behavior as means to promote cooperation,
the problem of norm related conflict has been neglected. We develop a
new perspective on normative conflict by differentiating between intra-
norm and inter-norm conflicts. The first stems from a conflict of interests
between beneficiaries and targets of a norm, the second from different
normative internalizations for similar norm relevant situations. We pro-
vide a new measurement and a new experimental design by applying a
of the strategy method to the ultimatum game. We can demonstrate
normative conflict among different types of players, in particular among
selfish, equity, equality and cherry picker types.

A. Nowak*, E. Haugney
Dynamics of Trust Underlying Economic Crisis
Warsaw University, Poland

The current ecenomic crisis is often reffered to as the crisis of trust. We
argue, that different types of trust are involved in the crisis and discuss
their dynamics and interrelation.

J. Scheffran
Modeling Climate-induced Instabilities and Conflicts
Universitat Hamburg, Germany

Global warming has significant potential implications for security and
conflict. Various studies suggest that climate change aggravates environ-
mental degradation and resource scarcity which may contribute to vio-
lent conflict in a number of ways, including resource captures, mass mi-
grations, and conflicts over compensation payments between countries.
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On the other hand, more cooperation may emerge as a way to address
the problems and risks. A set of indicators are essential to asses the link
between environmental factors and interstate conflict. This contribution
analyses climate-induced instabilities and conflicts within a conceptual
framework of conflict and cooperation that combines agent-based mod-
eling and social network analysis. To enhance our ability to understand
and deal with future security threats posed by climate change, a macro-
level analysis of regional impacts of climate change will be integrated
with micro-level analysis of potential environmental conflicts, with a fo-
cus on regional cases.
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D. Delli Gatti, M. Gallegati*, B. Greenwald, A.o Russo, J. Stiglitz

Financially Constrained Business Fluctuations in an Evolving
Network Economy

Universita Politecnica delle Marche, Italy

We explore the properties of a credit network characterized by inside
credit, i.e. credit relationships connecting downstream (DS) and up-
stream (US) firms, and outside credit, i.e. credit relationships connect-
ing firms and banks. The structure of the network changes over time due
to the preferred-partner choice rule. The net worth of DS firms turns
out to be the driver of growth and fluctuations. US production, in fact,
is determined by demand of intermediate inputs on the part of DS firms.
The output of simulations shows that a business cycle at the macroe-
conomic level can develop as a consequence of the complex interaction
of the heterogeneous financial conditions of the agents involved. In this
context we can study the emergence of bankruptcy chains. We can also
reproduce the main facts of firms’ demography: power law distribution
of firms’ size and Laplace ditribution of growth rates.

J.A. Holyst*, K.J. Mizgier, P. Sieczka
Two Models of Collective Firm Bankruptcies
Warsaw University of Technology, Poland

Two models of collective firm bankruptcies will be presented. The first
one uses the Potts spin glass approach for firms rating evolution where
two sources of defaults are taken into account: individual dynamics of
economic development and ordering interactions between firms. We show
that such a defined model leads to a phase transition, which results in
collective defaults. In the case when the individual firm dynamics fa-
vors dumping of rating changes, there is an optimal strength of firms
interactions from the risk point of view. For small interaction strength
parameters there are many independent bankruptcies of individual com-
panies. For large parameters there are giant collective defaults of firm
clusters.

The second model represents defaults of companies in multi-stage supply
chain networks. We introduced a modified approach that represents in
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more details the real economic environment in which firms are operating.
We focused on the influence of local processes on the global economic
behaviour of the system and studied how the proposed modifications
change the general properties of the model. To realistically simulate
the economic environment of companies, we introduced the following
features to the model: evolution of a supply chain network with the re-
configuration of links, price dispersion and the dynamics of prices and
costs of production. At the certain point of the system’s evolution, the
meta-stable structures of the network occur. As a result of the dynam-
ics of prices and costs of production, we observed both the emergence
of highly profitable supply chains with the high market share and the
avalanches of bankruptcies.

I. Kondor

Financial Regulation: An Attempt to Regulate Complexity

Eotvos University Budapest and Collegium Budapest , Hungary

The talk reviews the main components of the financial crisis of 2007-09
from a complexity perspective and argues that two decades of ideology
driven deregulation, the surge of securitization, the spreading of OTC
derivatives and off balance sheet items, excessive leverage, collaterized
debt obligations and structured investment vehicles led to the creation
of a huge shadow banking system that became opaque and complex to
such a degree as to be totally unknowable. Such a system is impossible
to regulate. As a result of massive government interventions, partial or
complete nationalization, and a series of collapses, the system is in the
process of deleveraging, and a large body of new regulation is in the
making. The talk will give a sketchy oversight of what is perhaps the
most coherent set of proposals for the new regulation, due to the de
Larosiere Committee. Finally, the idea of an adaptive regulatory regime
will be put forward.
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T. Lux

Explaining and Forecasting the Psychological Component of
Economic Activity

Unwversity of Kiel, Germany

We develop a methodology for estimating the parameters of dynamic
opinion or expectation formation processes with social interactions. We
study a simple stochastic framework of a collective process of opinion
formation by a group of agents who face a binary decision problem. The
aggregate dynamics of the individuals’ decisions can be analyzed via the
stochastic process governing the ensemble average of choices. Numerical
approximations to the transient density for this ensemble average allow
the evaluation of the likelihood function on the base of discrete obser-
vations of the social dynamics. This generic approach can be used to
estimate the parameters of various opinion formation processes from a
variety of available aggregate data. Our applications include: (i) iden-
tification of interaction effects in a well-known business climate index
as well as (ii) analysis of sentiment data from the German stock mar-
ket. In both cases we find strong evidence of strong social interactions
with the potential of generating abrupt swings in the average mood of
respondents. In this way, the psychological component or the imprints
of animal spirits in economic data can be identified.

M. Marsili
Spiraling Toward Complete Markets and Financial Instability
ICTP, Italy

The proliferation of financial instruments provides more opportunities
to hedge risks, reducing transaction costs and making markets more
complete. These predictions sharply contrasts with recent experience,
where asymmetric information and imperfect competition have played a
major role in turning expanding credit derivative markets into ”financial
weapons of mass destruction”.

Here I argue that the escalation of market imperfections originates
from the changes which take place in the nature of the market equilibria,
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when the repertoire of financial instruments expands. This is done in
the limit of a large random economy, where a set of consumers invests
in financial instruments engineered by banks, in order to optimize their
future consumption.

I show that, even in the ideal case of perfect competition, where full
information is available to all market participants, as markets approach
completeness and transaction costs vanish, the equilibrium develops a
marked vulnerability (or susceptibility) to market imperfections. There-
fore, the onset of instability does not require large shocks, but it rather
arises from the intrinsic nature of the equilibrium.

One particularly devastating effect is that, replicating portfolios used
by banks to hedge new instruments, require trading volumes, within the
financial sector, which diverge as the market approaches completeness.
Such interbank market itself develops a divergent susceptibility, as the
theoretical limit of complete markets is approached.

A similar approach shows that the expansion of derivative markets
generates instability and large movements in underlying markets.

These results suggest that the proliferation of financial instruments
exacerbates the effects of market imperfections. In order to prevent
an escalation of perverse effects, markets may necessitate institutional
structures which are more and more conspicuous as they expand.

L. Pietronero

Self-Organization and Finite Size Effects in Agent Models for
Financial Markets

Institute of Complex Systems CNR, Italy and
Unwversity of Rome ”La Sapienza”, Physics Department, Italy

The deviation from a Random Walk behavior in financial time series
have been identified as Stylized Facts (SF) and are common to all mar-
kets. The main ones are that fluctuations are much lager than those
predicted from the standard economic theory (gaussian fluctuations),
the clustering of volatility and a substantial nonstationarity of all prop-
erties. Many Agent Based Models have been proposed to explain these
phenomena and several are indeed able to reproduce some of them. How-
ever, the situation is still problematic becaus these models are typically
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rather complicated with various ad hoc assumptions. This has prevented
a systhematic study of these effects. We have tried therefore to define a
workable Agent based Model [1], which contains the essential elements,
but in a mathematically simple and well defined framework. In addition
we have considered some new important elements like the nonstationar-
ity of the process with respect to the number of agents and the question
of the self-organization. Namely why all markets evolve spontaneously
towards the situation corresponding to the SF, considering that in all
models this is restricted to a very narrow range of parameters. The SF
are shown to correspond to finite size effects (with respect to time and
to the number of agents N) which, however, can be active at different
time scales. This implies that strict universality cannot be expected in
describing these properties in terms of effecive critical exponents. The
introduction of a threshold in the agents action (small price movements
lead to no action) triggers the self-organization towards the intermit-
tent state corresponding to the SF. From these studies the herding phe-
nomenon seems to be a crucial one beyond the standard theory as a
triggering element of bubbles and crashs which develop spontaneously
without a cause-effect relation. The model can also be used backwards
to derive the strategies of the agents from the price time series. Other
applications are under consideration like the problem of finite liquidity
and the possibility that the reference fundamental price is subject to
large fluctuations if one cnsiders that all markets are linked into a large
network [2].

1. V.Alfi, L.Pietronero e A.Zaccaria, Minimal Agent Based Model for
the Origin and Self-organization of Financial Markets, preprint 2008
(arXiv:0807.1888).

2. D.Delli Gatti, M.Gallegati, B.Greenwald, A.Russo, e J.E.Stiglitz, Fi-
nancially Constrained Fluctuations in an Evolving Network Economy,
NBER working paper, n.14112, June 2008.
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F. Schweitzer

Mechanisms of Systemic Risk: Contagion, Reinforcement,
Redistribution

ETH Zurich, Switzerland

The term ’systemic risk’ commonly denotes the risk that a whole system
consisting of many interacting agents fails. It is a macroscopic property
which emerges from the nonlinear interactions of agents. In fact, 'sys-
temic risk’ already implies that the failure of the system cannot be fully
explained by the failure of a single agent. Instead, one has to understand
how such singular failures are able to spread through the whole system,
affecting other agents. Here, in addition to network topology, dynamic
mechanisms such as contagion (similar to epidemic processes or herding
behavior), reinforcement (of prevailing trends), and redistribution (e.g.
of load, stress, or debt) play a considerable role. The talk aims at cate-
gorizing some of the existing models in a common framework, first, and
discussing a specific model of financial networks, afterwards, to elucidate
the critical conditions for the breakdown of a system.

D. Sornette

Financial Bubbles, Real Estate Bubbles, Derivative Bubbles,
and the Financial and Economic Crisis

ETH Zurich, Switzerland

The financial crisis of 2008, which started with an initially well-defined
epicenter focused on mortgage backed securities (MBS), has been cas-
cading into a global economic recession, whose increasing severity and
uncertain duration had led and is continuing to lead to massive losses
and damage for billions of people. Heavy central bank interventions and
government spending programs have been launched worldwide and espe-
cially in the USA and Europe, in the hope to unfreeze credit and boltster
consumption. Here, I present evidence and articulate a general frame-
work that allows one to diagnose the fundamental cause of the unfolding
financial and economic crisis: the accumulation of several bubbles and

27

GAME THEORY FINANCE CONFLICTS

TRAFFIC

n
O
[t
=
<)
o)
-
A
<)

TUTORIALS VARIOUS

COST 1

COST 2




GAME THEORY FINANCE CONFLICTS

TRAFFIC

n
@)
[t
=
=
A
L)
ol
=

TUTORIALS VARIOUS

COST 1

COST 2

their interplay and mutual reinforcement has led to an illusion of a per-
petual money machine allowing financial institutions to extract wealth
from an unsustainable artificial process. Taking stock of this diagnos-
tic, I conclude that many of the intervention to address the so-called
liquidity crisis and to encouragemore consumption are ill-advised and
even dangerous, given the lack of precautionary reserves that have been
unaccumulated in the good times and the huge liabilities. The most
interesting presents times constitute unique opportunities but also great
challenges, for which I offer a few recommendations.

H. E. Stanley

Economic Fluctuations and Statistical Physics: Quantifying
Extremely Rare and Much Less Rare Events

Boston University, USA

Recent analysis of truly huge quantities of empirical data suggests that
classic economic theories not only fail for a few outliers, but that there
occur similar outliers of every possible size. In fact, if one analyzes only
a small data set (say 10* data points), then outliers appear to occur
as “rare events.” However, when we analyze orders of magnitude more
data (10® data points!), we find orders of magnitude more outliers—so
ignoring them is not a responsible option, and studying their properties
becomes a realistic goal. We find that the statistical properties of these
“outliers” are identical to the statistical properties of everyday fluctua-
tions. For example, a histogram giving the number of fluctuations of a
given magnitude x for fluctuations ranging in magnitude from everyday
fluctuations to extremely rare fluctuations that occur with a probability
of only 107 is a perfect straight line in a double-log plot.

Two unifying principles that underlie much of the finance analysis we
will present are scale invariance and universality | R. N. Mantegna/HES,
Introduction to Econophysics: Correlations € Complexity in Finance
(Cambridge U. Press, 2000)]. Scale invariance is a property not about
algebraic equations but rather about functional equations, which have
as their solutions not numbers but rather functional forms—power laws.
The key idea of universality is that the identical set of “scaling laws”
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hold across diverse markets, and over diverse time periods.

CONFLICTS

We demonstrate the principles of scaling and universality by describ-
ing very recent unpublished work [HES/T. Preis/J. J. Schneider “New
Laws Describing Trend Switching Processes in Financial Markets”, sub-
mitted]. For an intriguing variety of switching processes in nature, the
underlying complex system abruptly changes at a specific “phase tran-
sition” point from one state to another in a highly discontinuous fash-
ion. Examples of phase transitions range from magnetism in statisti-
cal physics to physiology and macroscopic social phenomena. Finan-
cial market fluctuations are characterized by many abrupt switchings
on very short time scales from increasing “microtrends” to decreasing
“microtrends”—and vice versa. We ask whether these ubiquitous switch-
ing processes have quantifiable features analogous to those present in
phase transitions, and find striking scale-free behavior of the time in-
tervals between transactions both before and after the switching occurs.
We interpret our findings as being consistent with time-dependent col-
lective behavior of financial market participants. We test the possible
universality of our result by performing a parallel analysis of transaction
volume fluctuations.

GAME THEORY FINANCE

TRAFFIC

This work was carried out in collaboration with a number of colleagues,
chief among whom are T. Preis (Mainz), J. J. Schneider (Mainz), X. Gabaix
(MIT and Princeton) V. Plerou, and P. Gopikrishnan (Boston Univer-
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No Risk - No Fun: Modeling Financial Crashes
Medical University of Vienna, Austria

By nature financial markets involve risk, i.e. non-zero probabilities to
lose a certain amount of funds within a certain time period. This risk can
be amplified by agents, such as hedge funds, when speculating with bor-
rowed funds (leverage), in particular if stakes exceed the initial capital
of agents. This opens the possibility of immediate bankruptcy. Usually,
leverage is extended to based on collateral in form of financial assets -
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completing the stage for potential trouble. As currently experienced,
defaults of large financial players may trigger a series of consequences
such as collapses of stock markets, possibly even economic crisis. In an
agent based model we study an ”ecology” of financial players such as un-
informed noise traders, hedge- or mutual funds, banks (as the providers
of leverage) and investors to hedge funds. This self-organized-critical
model economy - allows to identify the effects of leverage on the overall
stability of the financial system. Simultaneous monitoring of indicators
are used to study the circumstances leading up to large-scale defaults in
the system. The model reproduces several realistic features of asset price
timeseries, such as fat-tailed return distributions and clustered volatility,
which are shown to depend on the actions of leverage-extending banks
and regulators. Different regulation schemes can be discussed in terms
of system stability.

Y. Aruka*®, Y. Koyama

The Matching of Interactive Agents in the Futures Stock
Market and the U-Mart Experiment

Chuo University, Japan

We are now faced with a grave financial crisis on a mass global scale as a
massive break down of the financial activities based on the popular idea
of deregulation. This may suggest us to re-examine the features of the
free market, in particular, in the field of the financial free market. On the
other hand, we fortunately had to some extent our own several successful
experiences to envisage a certain essential feature of the market system
by developing the Al simulator for the futures stock market U-Mart for
this recent decade. This simulator has some advanced features. In the
light of our U-Mart project, we will argue an essential structure of the
supply and demand coordination in the free financial market system of
elemental form.

S. Battiston®, D. Delli Gatti, M. Gallegati, B. Greenwald, J. Stiglitz
Systemic Risk in Financial Networks
ETH Zurich, Switzerland

We characterize the evolution over time of a credit network as a system
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of coupled stochastic processes, each one of which describes the dynamics
of individual financial robustness. The coupling comes from the connec-
tivity of the network, since each agentsfinancial robustness is associated
with the financial robustness of the partners through risk sharing, dis-
tress propagation and the bankruptcy cascade effects. In this framework
we consider the effects of a shock to a specific node as network connec-
tivity increases. Under specific conditions we detect the emergence of a
trade off between decreasing individual risk — due to risk sharing — and
increasing systemic risk — due to the propagation of financial distress.
The larger the number of connected neighbors, the smaller the risk of
an individual collapse but the higher systemic risk. In other words, in
our paper, the relationship between connectivity and systemic risk is not
monotonically decreasing as usually found in the literature. Risk sharing
by itself would lead systemic risk to zero as the connectivity increases.
Distress propagation and the bankruptcy cascade effect, together with
trend reinforcement — i.e. the fact that individual financial fragility feeds
back on itself— may amplify the effect of the initial shock and lead to a
full fledged systemic crisis if they more than offset risk sharing.

J.C. Wong, S.A. Cheong*
Early Signs of Financial Crises
Nanyang Technological University, Singapore

For most diseases, it is always better to medically intervene earlier com-
pared to later. This is because treatment at an early stage is gener-
ally more effective, and less expensive. The same is probably true for
economies and financial markets. In the current global financial crisis,
we have seen billions of dollars sunk into relief and stimulus packages,
with hardly any positive result to show for the effort. The reason is clear:
these intervention measures are too late. To implement more effective,
and less costly economic and fiscal policies, it is important to detect the
onset of a financial crisis early. At the same time, we do not want exces-
sive reactions, when the market has merely caught a 'cold’. In this talk,
I will describe recent work, based on the statistical segmentation and
clustering analysis of financial time series data, that points to character-
istic early signs prior to financial crises, characteristic early signs prior
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to a true recovery, and the characteristic time scales involved for both
processes. By looking into a period that covers both the current crisis,
as well as the most recent past crisis, we also hope to learn lessons on
which intervention measures are effective, and which intervention mea-
sures are not.

S. Cantono*, S. Solomon
Self-amplifying Domino Effects in Global Markets.
Institute for Scientific Interchange, Torino

In a series of previous works (Solomon et al., 2000, Hohnisch et al.
2008) we studied the propagation of products, opinions and informa-
tion throughout social and economic networks using the social /market
percolation framework. We have shown that phenomena such as ”word-
of-mouth”, ”domino failures”, ”viral products”, are crucial in explaining,
understanding and controlling massive global changes such as electric
power blackouts, WWW virus attacks, economic, financial and credit
crises. However, in order to describe more faithfully the real economic
systems the original percolation framework had to be enlarged (Cantono
and Silverberg 2008) to account for empirical facts ignored by the pre-
vious physics-inspired models: in particular as opposed to the physical
systems where the dynamics is usually bottom-up, in social and eco-
nomic systems there are significant top-down feedbacks such as "market
learning”, government intervention (subsidies, financial policies, credit
price), general state of the economy, the "mood of the market”, mass
media, etc. The positive feedback between the top-down and bottom-up
effects leads to autocatalytic processes that accelerate the propagation
of adoption throughout the entire system well beyond what is to be ex-
pected from the previous percolation studies. The contagion process as
defined by the previously quoted attempts can be compared to the so
called epidemic models, though the two categories of models differ in
some relevant aspects. In the economics literature of diffusion, epidemic
models have been implemented since the 50 (Griliches, 1957, Mansfield,
1961), mainly in order to explain the delayed adoption of new techniques.
The main common feature is the intuition that behind the spread of new
practices lies the dissemination of information: the more the new tech-
nique propagates the more potential adopters will acquire the necessary
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information (contagion is taking place). Over time the number of po-
tential adopters will decrease. Consequently the diffusion process will
display an S-shaped curve. The main difference between economic epi-
demic models and percolation models inspired by physics is that the
former relay on a top-down approach whereas the latter is build upon
the microstructure of the system. Both however disregard some main
economic drivers of choice, as well as some empirical evidence related to
the diffusion of new technology. On the one hand, it is hardly conceiv-
able that potential adopters become adopters only by way of contagion.
Also other issues should play a role as ultimate drivers of the choice of
individuals, in the economic literature this is usually the main concern
of the so called Probit models (see Stoneman, 2002 for a comprehensive
overview) ...

C. Costea
Debtonnation: Will Romania be able to avoid depression?
Romanian Academy of Sciences, Romania

This paper starts presenting data on debt accumulation in Australia and
the United States, together with a tentative scenario on what the situ-
ation could be in Romania, under the world influence of credit crunch,
because of the US subprime financial crisis. A model is proposed de-
riving from Steve Keens model on endogenous money creation, to show
changes in bank lending practices and borrower repayment behaviour
that would bring not only the economic long-term decline but growth
for countries as Romania.

G. Harras*, D. Sornette

Endogenous versus Exogenous Origins of Financial Rallies
and Crashes

ETH Zurich, Switzerland

We present a simple agent-based model to study how the proximate
triggering factor of a crash or a rally might relate to its fundamental
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mechanism, and vice versa. Our agents form opinions and invest, based
on three sources of information, (i) public information, i.e. news, (ii)
information from their friendship network, promoting imitation and (iii)
private information. Agents use Bayesian learning to adapt their strat-
egy according to the past relevance of the three sources of information.
We find that rallies and crashes occur as amplifications of random lucky
or unlucky streak of news, due to the feedback of these news on the
agents strategies into collective transient herding regimes. These ingre-
dients provide a simple mechanism for the excess volatility documented
in financial markets. Paradoxically, it is the attempt for investors to
learn the level of relevance of the news on the price formation which
leads to a dramatic amplification of the price volatility due to their col-
lective search for the truth. A positive feedback loop is created by the
two dominating mechanisms (Bayesian learning and imitation) which,
by reinforcing each other, result in rallies and crashes. The model offers
a simple reconciliation of the two opposite (herding versus fundamental)
proposals for the origin of crashes within a single framework and justifies
the existence of two populations in the distribution of returns, exempli-
fying the concept that rallies and crashes are qualitatively different from
the rest of the price moves.

O. Hermsen

Do some Value-at-Risk Models Provoke Financial Market
Destabilization? - An Agent-Based Financial Market
Perspective

University of Bamberg, Germany

The aim of this paper is to explore the impact of different Value-at-Risk
(VaR) models on the stability of financial markets. Based on a numer-
ical analysis, we test how simple and more sophisticated Value-at-Risk
models affect financial market stability. This is important to implement
effective regulations to prevent financial market instability in advance.
The Basel Committee of Banking and Supervision (BCBS) does not
stipulate that banks use a special type of VaR model. Therefore, in
practice, many banks use methods with quite simple assumptions. Test-
ing the efficiency and reliability of different VaR models with different
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underlying assumptions was and still is an important strand of research.
Here, mostly the accuracy of estimating a special quantile is exploited.
In this study, we explore the adequacy of VaR models from another
perspective. We adjust a heterogeneous agent model by integrating reg-
ulations of Basel II concerning market risk. For this purpose, we use the
financial market model by Lux/Marchesi (1999/2000) that can replicate
stylized facts of financial markets quite well. First results indicate that
the formula for calculating the level of regulatory capital for market risk
prescribed by the BCBS prohibits more market stability by the use of
more sophisticated models.

D. Morton de Lachapelle*, D. Challet
The Financial Crisis from Agents Perspective
EPFL, Switzerland

Financial market participants are known to be heterogeneous in aims
and methods. Yet, so far, very little is known of the statistical prop-
erties of their resulting behaviours. The lack of data, due to broker
secrecy, is unsurprisingly to blame, but only in part, since researchers,
even when given large customer datasets of trading activity, have focused
on trading gains and herding (Barber, www.gsm.ucdavis.edu). Here we
report large-scale statistical analysis of individual trading activity and
intensity and discuss their consequences for mainstream financial the-
ory. We have scrutinized the clients database of the largest Swiss online
broker (www.swissquote.ch). We discuss how heterogeneity at the agent
level induce heterogeneity at the market level. In particular, we ana-
lyze investors behavior in time of crisis and compare it to their actions
in low-volatility markets. Our observations provide a wealth of insights
about real investors behavior in markets. We believe some of them will
take an important place among other ”empirical stylized facts” such as
volatility excess and clustering. They also raise an essential question for
modeling in finance: How to design models in agreement with statistical
properties of actual investors? The answer to this question may well
pave the way to agent-based models with real predictive power in the
future.
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H. Lamba
Price Cascades In Imperfect Financial Markets
George Mason University, USA

The standard (efficient-market) models of economics and mathematical
finance make severe assumptions about the rationality, motivation and
decision-making mechanisms of individuals and institutions. A frame-
work will be presented within which many of the those assumptions can
be systematically weakened (ie. efficient-market pricing exists as a spe-
cial case within it). Briefly, agents are split into two groups: ‘fast ones
who react primarily to new information entering the system and quickly
translate this information into price changes, and ‘slow ones who react
to price changes over longer timescales. Only the slow agents are sim-
ulated directly. The current ‘strategy of a slow agent is defined by a
pair of dynamic thresholds straddling the price. When the price crosses
either of these thresholds the agent switches investment position and a
new pair of thresholds is generated. The threshold dynamics of the slow
traders are capable of mimicking different trading motivations, running
the gamut from purely rational information processing and inductive
learning, through rational (but often undesirable!) effects induced by
perverse incentives and moral hazard, to irrational psychological effects.
When there is no coupling between the slow agents, and the fast ones are
correctly interpreting the information stream, the system operates as an
efficient market. However, introducing systemic defects, such as herd-
ing or a perverse incentive, results in fat-tailed price returns in broad
agreement with the stylized facts of financial markets. The largest price
changes are caused by buying/selling cascades that occur suddenly when
the system is far from its efficient, unbiased, state. These cascades are
interesting in that they start off violently (corresponding to a runaway
process) but are ultimately self-limiting as agents reenter the cascade
with the opposite investment position. A mathematical analysis of these
cascades will be presented together with some possible applications to
other socio-economic systems.
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L. Lin*, Ren. R.E., D. Sornette

A Consistent Model of Explosive Financial Bubbles With
Mean-Reversing Residuals

ETH Zurich, Switzerland

We present a self-consistent model for explosive financial bubbles, which
combines a mean-reverting volatility process and a stochastic condi-
tional return which reflects nonlinear positive feedbacks and continuous
updates of the investors beliefs and sentiments. The conditional ex-
pected returns exhibit faster-than-exponential acceleration decorated by
accelerating oscillations, called log-periodic power law. Tests on residu-
als show a remarkable low rate (0.2 %) of false positives when applied
to a GARCH benchmark. When tested on the S&P500 US index from
Jan. 3, 1950 to Nov. 21, 2008, the model correctly identifies the bubbles
ending in Oct. 1987, in Oct. 1997, in Aug. 1998 and the ITC bubble
ending on the first quarter of 2000. Different unit-root tests confirm
the high relevance of the model specification. Our model also provides
a diagnostic for the duration of bubbles: applied to the period before
Oct. 1987 crash, there is clear evidence that the bubble started at least
4 years earlier. We confirm the validity and universality of the volatility-
confined LPPL model on seven other major bubbles that have occurred
in the World in the last two decades. Using Bayesian inference, we find
a very strong statistical preference for our model compared with a stan-
dard benchmark, in contradiction with Chang and Feigenbaum [2006]
which used a unit-root model for residuals.

M. Napoletano*, S. Battiston

How Tied Is Too Tight? Links among Financial Institutions
and the Stability of Financial Systems

OFCE, France

This paper investigates the relationship between the density of the net-
work of financial inter-linkages among banks and the stability of financial
systems. The prevailing view in the literature on financial stability sug-
gests that a higher density of links between banks tends to stabilize
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the financial system as banks can more completely insure against id-
iosyncratic shocks. Allen and Gale (2000) show that banks exposed to
idiosyncratic shocks fare best when they enter into insurance contracts
with every other bank in the system, effectively implementing a complete
set of contracts. Similarly, Leitner (2006) claims that more inter-linkages
among banks may be beneficial because of, and despite, the potential for
contagion. We contribute to this literature by stating conditions under
which a higher density of links may have a destabilizing effect. More
precisely, we show that, whenever the mechanisms transmitting shocks
within the system allow for feedback effects, a higher density of links may
increase banks fragility, even when only idiosyncratic shocks are present.
In such a setting, a higher density of links increases the probability of
simultaneous failures of a large fraction of banks. Our analysis is based
on a multi-period model where a set of banks, exposed to idiosyncratic
shocks, interact by trading one-period contracts in order to insure against
shocks, thus reducing their probability of failure. Given the network of
inter-bank contracts, a shock of one bank is transmitted to neighboring
banks through the revaluation of contracts (balance-sheet contagion). In
addition, the shock may feed back on the first bank when it refinances
its contracts. We characterize the probability of simultaneous failures as
a function of the link density for some paradigmatic network topologies.
Moreover, we investigate this relation for more complex, and realistic,
network structures by means of extensive computer simulations.

T. Maillart*, D. Sornette

Multi Scale Approach to Decipher and Understand
Cyber-Risk

ETH Zurich, Switzerland

With the development of the Internet, new kinds of massive epidemics,
distributed attacks, virtual conflicts and criminality have emerged. We
present a study of some striking statistical properties of cyber-risks that
quantify the distribution and time evolution of information risks on the
Internet, to understand their mechanisms, and create opportunities to
mitigate, control, predict and insure them at a global scale. First, we
report an exceptionally stable power-law tail distribution of personal

38



identity losses per event, Pr(IDloss > V) ~ L with b = 0.7 £ 0.1.
This result is robust against a surprising strong non-stationary growth
of ID losses culminating in July 2006 followed by a more stationary
phase. Moreover, this distribution is identical for different types and
sizes of targeted organizations. Since b < 1, the cumulative number
of all losses over all events up to time t increases faster-than-linear with
time according to ~ %, suggesting that privacy, characterized by personal
identities, is necessarily becoming more and more insecure. We also show
the existence of a size effect, such that the largest possible ID losses per
event grow faster-than-linearly as ~ 1.35 with the organization size S.
The small value b ~ 0.7 of the power law distribution of ID losses is
explained by the interplay between Zipt’s law and the size effect. We also
infer that compromised entities exhibit basically the same probability to
incur a small or large loss.

However a vulnerable information system won’t be necessarily com-
promised as the nature and complexity of the attack is determinant.
Since it’s a priori impossible to predict an attack, a constant and ad-
equate monitoring of traffic anomalies in real-time is required. The
key problem is to extract relevant information out of millions of data
points per second with prominent stochastic characteristics. To cope
with the recurrent problem of information overflow, we introduce the
Traffic Entropy Spectrum, based on generalized entropies. By screening
a spectrum of entropy dimensions over several metrics, we are able to
characterize peculiar behaviors on autonomous system’s size networks
(several millions of TP addresses). Validation steps are presented on case

studies.

Z. Maliga
Nature’s Solution to the Problem of Biological Logistics
MPI-CBG, Germany

The ability of cells to survive and participate in a community, such as
the human body, requires a logistical network that distributes nutrients,
cellular contents, and information at biologically reasonable time-scales.
How does a robust, adaptable system emerge from the sum of individ-
ual hard-wired molecular agents operating in a noisy environment? For
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example, motor proteins deliver cargo along intracellular filaments to
appropriate sites in a network of molecular compartments whose con-
nectivity is slowly becoming elucidated. However, surprisingly little is
known about what these motor proteins do, specifically, (1) where they
go in cells, (2) what they transport, and (3) how their activity is reg-
ulated. To address these basic questions, we modified motor proteins
so they could be visualized in live cells and recovered with their physi-
cal binding partners. Individual motor proteins were also removed from
cells to determine the overall effect on different cellular trafficking path-
ways. We found that different motor proteins are targeted to unique
sub-cellular compartments and identified regulatory proteins resident in
these compartments that could serve as molecular postal codes, or oth-
erwise regulate the cycle of cargo binding and release. Overall, this
provides an example of a biological solution to managing complex sys-
tems using a limited number of components.

P.-P. Saviotti, A. Pyka*
Crises, Co-evolution and Economic Development

Unwversity of Hohenheim, Germany

PAPER OBJECTIVES 1) To show that co-evolution is a very common
feature of economic development 2) To show that crises are a very com-
mon feature of capitalist economic development since they are born of
the very same mechanisms which give rise to capitalist economic develop-
ment in the first place. 3) To show that innovations create both growth
and uncertainty and that the resulting uncertainty undermines the coor-
dination of different components of the economic system and interferes
negatively with the co-evolutionary patterns leading to economic devel-
opment We intend to pursue the above objectives by means of a model
of economic development, called TEVECON, which we developed over
the last eight years and which has already been the object of several
publications (Saviotti, Pyka, 2004a, 2004b, 2008a, 2008b). In our model
the economic system is constituted by an endogenously variable number
of sectors. Each sector is constituted by the population of firms which
produce a common although highly diversified output, which in principle
could be a product or a service. Each sector is created by a pervasive
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innovation, but the services provided by the output of the sector improve
during the sectors life cycle as a consequence of sectoral search activi-
ties. The size of the market corresponding to each sector can change
during the sectors life cycle due to the improvements in productive ef-
ficiency and in the services supplied by the sectors output (or product
quality) thereby raising the population of potential adopters. Each sec-
tor is founded by a Schumpeterian entrepreneur induced to create the
innovation by the expectation of a temporary monopoly. Subsequent
entry into the sector driven by imitation raises the intensity of compe-
tition, reduces the extent of temporary monopoly and as a consequence
the rate of entry in the following periods. Simultaneously with the grow-
ing intensity of competition, which gradually reduces the rate of entry,
the corresponding market moves towards saturation. The combination
of growing intensity of competition and of market saturation drives the
sector towards its maturity in which it tends to become an oligopoly.
The falling opportunities for entry induce entrepreneurs to set up other
niches based on potentially pervasive innovations at least some of which
will become future markets. The emergence of new sectors is then in-
duced by the dynamics of older ones. In TEVECON structural change is
an important factor contributing to economic development. A very spe-
cific feature of TEVECON is the extent of interaction between different
variables. For example, sectoral search activities, a generalized analogue
of R&D, increase with accumulated demand. In turn, demand itself is
affected by the higher product quality and by the lower product ...

A .-H. Sato

Comparative Analysis of Participants’ Synchrony and
Structure at the Foreign Exchange Market

Kyoto University, Japan

This study empirically investigates activities (quotations and transac-
tions) of the foreign exchange market by using high-resolution data dur-
ing a period between June 2008 and Dec 2008. From macroscopic point of
view we estimate scaling coefficients of fluctuation scaling, synchronous
indices of impulsive actions, and entropies for relative frequencies of
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both quotations and transactions. The fluctuation scaling is confirmed
for both quotations and transactions of the foreign exchange market,
and that the scaling indices temporally vary depending on observation
periods. It is found that synchronous index and scaling coefficients have
a strong correlation. Furthermore entropies for relative frequencies of
both quotations and transactions temporally vary, and drastically in-
creased around the middle of July 2008. Comparing theses indices it is
confirmed that they are well consistent and well correspond to events
relating to financial crisis. It is concluded that market situations may
be affected by collective behavior of market participants who response
to environmental condition.

D. Nawrocki, T. Vaga*
A Financial Market Bifurcation Parameter
Brielle, New Jersey, USA

We propose a bifurcation parameter to describe transitions between
mean regressive and trend persistent market states. Over a period from
July1929 to March 2000, the Dow Jones Industrial Average normally ex-
hibited a bifurcated market dynamic, drifting in trend persistent fashion.
However during periods of credit scarcity such as the Great Depression
Era and recently in the aftermath of the housing bubble collapse and
associated credit crisis, the market has exhibited primarily mean regres-
sive behavior. The bifurcation parameter offers a quantitative measure
of the degree of trend persistence. It indicates that the markets have be-
come more efficient, i.e. less trend persistent over the past few decades.
It also suggests that trend persistent, coherent markets require an ade-
quate availability of credit.

J. Wiesinger®, J. Satinover, D. Sornette

Reverse Engineering of Financial Markets with Agent Based
Models

ETH Zurich, Switzerland

We develop a genetic algorithm to calibrate an agent-based model (ABM)
to a set of financial time series, with the goal of better understanding
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the generating process of the time series. In order to determine the lim-
its of reconstructing an unknown ABM from time series data, we first
apply the procedure to so-called black-box time-series generated from a
(known) ABM. We present results from two equity market indices—the
Nasdaq and the S&P500-and two sector indices—Real Estate and Tech-
nology and find that the ABM calibrated to time series data captures
real-world behaviors as measured by its rate of successful prediction and
p values, even during periods surrounding market crashes.

D. Wilcox*, T. Gebbie

Clustering Dynamics in an Emerging Market through the
Crash of 2008

Unwversity of Witwatersrand, South Africa

We investigate the dynamics of stock clustering in the Johannesburg
Stock Exchange (JSE), an emerging market, through the financial mar-
ket crash of 2008. In particular we apply the fully unsupervised pa-
rameter free data clustering technique pioneered by Giada and Marsili
(2002) to investigate the changing correlation structure of stocks, as
well as clustering in daily market-wide activity, in a crisis. We compare
our findings with an identical analysis of the London Stock Exchange
through the same crisis period.

K. Yamada®, H. Takayasu, M. Takayasu

Approaches to Financial Crisis by a Dealer Model of Financial
Market

Tokyo Institute of Technology, Japan

We show two types of collapse in our artificial financial market so called
"dealer model”. In order to construct this artificial market we set deal-
ers limit price dynamics and the rules of transaction. This model has
only three parameters and by choosing appropriate values we can re-
construct most of stylized statistical facts of financial markets such as
power law distribution of price changes and non-Poissonian transaction
intervals. The first type of collapse is caused by dealers trend-follow ef-
fect. Namely, trends of price changes influence the action of dealers, and
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market fluctuation becomes larger. In this case we can theoretically cal-
culate the relation between microscopic variables of dealers trend follow
parameters and a macroscopic variable characterizing price diffusion.
The second type of collapse is triggered by the effect of so-called the
loss-limit, which is widely applied to market dealers for prevention of
unlimited extension of loss. We show this regulation works negatively in
the case of a crash causing an overrun of market price decay.
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E. Fehr

The Weave of Social Life: How Social Interactions Shape the
Individual

Unwversity of Zurich, Switzerland

One of the deepest problems in the social sciences concerns the causal
impact of society, that is, of properties of the group, on the properties of
individuals. This problem arises because individuals affect the properties
of groups and vice versa such that it is very difficult to get at causality.
Here we take advantage of the possibility to affect the properties of in-
ternet communities to show that groups with a higher density of social
interactions render their members generally more altruistic and trust-
ing towards anonymous strangers. Moreover, a higher density of social
interactions also causes a boost in trust towards those who reciprocate
favours while it diminishes trust towards those who fail to reciprocate,
thus generating a much stronger implicit punishment for untrustworthy
individuals. Finally, increased social contact also enhances the strategic
sophistication of individuals and raises the prevalence of Machiavellian
strategies. These results indicate that the density of social interactions
has a deep impact on individuals’ preferences, beliefs, and behaviors,
lending support to sociological views of society

contributing speakers

M. Rybak, A. Dydejczyk, K. Kulakowski*

Contagion of Norm Breaking vs the Number of Righteous
People

AGH University of Science and Technology, Poland

The Norm Game introduced by Axelrod is investigated by computer
simulations carried out for agents distributed in a random network. The
agents are labeled as sinners or punishers after their first decision. The
stationary state shows a bistable behaviour: all become sinners or all
become punishers [1,2]. Here we show how this bistability changes when

some amount of agents always break the norm or always punish.
[1] K. Kulakowski, Int. J. Mod. Phys. C 19 (2008) 1105.
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2] K. Kulakowski, A. Dydejczyk, arXiv:0810.5291
F.C. Santos*, J.M. Pacheco, M.D. Santos, M.O. Souza, B. Skyrms
Evolutionary Dynamics of Collective Action
Université Libre de Bruxelles, Belgium

Throughout their life, humans often engage in public goods games (PGQG)
in situations ranging from family related issues to global warming. In all
cases, the tragedy of the commons threatens the possibility of reaching
the optimal solution associated with global cooperation, a scenario pre-
dicted by theory and demonstrated by many experiments. Here we ad-
dress two important aspects of evolutionary dynamics which have been
neglected so far in the context of public goods games: On one hand,
the fact that often there is a threshold above which a public good is
reached. On the other hand, the fact that individuals often participate
in several games, related to the their social context and pattern of so-
cial ties, defined by a social network. In the first case, the existence
of a threshold dictates a rich pattern of evolutionary dynamics: when-
ever public goods require participation of nearly the entire community,
the direction of natural selection can be inverted compared to standard
expectations. In networked games, cooperation blooms whenever both
wealth and social ties follow a power-law distribution, providing clues
on the self-organization of social communities and their economical im-
plications. Refs: - Francisco C. Santos, Marta D. Santos and Jorge M.
Pacheco, Social diversity promotes the emergence of cooperation in pub-
lic goods games.

Nature, 2008. 454(7201): p. 213-6

Jorge M. Pacheco, Francisco C. Santos, Max O. Souza and Brian Skyrms:
Evolutionary dynamics of collective action in N-person stag hunt dilem-
mas. Proceedings Royal Society B 276 (2009) 1655.

S. Van Segbroeck®, F.C. Santos, T. Lenaerts, J. M. Pacheco

Reacting Differently to Adverse Ties Promotes Cooperation
in Social Networks

Vrige Unaversiteit Brussel, Belgium

Cooperation is essential in every society, but puzzling from an evolution-
ary perspective. In this work, we address the role of behavioral differ-
ences - ubiquitous among Humans - on the evolution of cooperation. We
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study a model in which individuals can either cooperate or defect. They
engage in a social dilemma of cooperation, interacting along the edges
of a complex network. The structure of the network changes in time, as
individuals regularly engage in new interactions while abandoning old
ones. Social interactions may be long or brief, depending on the indi-
viduals involved. When dissatisfied, some individuals will try to break
contact as soon as possible, whereas others will remain in touch. We
show that cooperation blooms - and society as a whole benefits - the
larger the behavioral diversity in responding to unwanted interactions.
These results support the idea that diversity, on a grand scale, is instru-
mental in shaping us as the most sophisticated cooperating entities on
this planet. Mathematically, we show that taking explicitly into account
the feedback between co-evolving mechanisms - here network topology
and individual strategy and behavior - profoundly affects the outcome
of those processes, a result which has widespread consequences in many
problems of natural and social sciences.

S. Van Segbroeck, F.C. Santos, T. Lenaerts, J.M. Pacheco, Reacting dif-
ferently to adverse ties promotes cooperation in social networks. Physical
Review Letters (2009) (in press)
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K.W. Axhausen
Social Networks, Space and Travel
ETH Zurich, Switzerland

The presention will present a theoritical and empirical discussion of the
links between the generalised costs of travel, the use of space and the
(spatial) structure of social networks of the population.

After a brief historical overview of the changes in the generalised costs
of travel and associated time-space compression of the industrialised
countries, the question will be discussed what impact these changes
should have on the structure of the social networks with respect to the
size, overlap, spatial location.

The second part of the talk focusses on the empirical work done so far
to provide empirical evidence for the theoritical expectations formulated
above. The challenges inherent in the survey work will presented, as well
as the key empirical results obtained so far.

M. Bell

Managing Uncertainty in Transport Networks: Hyperpaths
and Games

Imperial College London, UK

This paper considers a new but tractable form of the robust shortest
path problem whereby the trip maker minimises his maximum exposure
to loss whenever a choice of path arises. It is shown that a simple adap-
tation of the well-known Spiess and Florian algorithm will deliver the set
of all potentially optimal paths, referred to collectively as a Hyperpath,
between a given origin and destination with remarkable efficiency. It is
further shown by consideration of the underlying optimisation problem
that there is a game theory interpretation. The same set of paths would
emerge as potential optimal if an agent located at each node were able to
impose a link-specific penalty on a trip-maker exiting that node without
knowing in advance which link the trip-maker will choose. The mixed
strategy Nash equilibrium to this non-cooperative zero-sum multi-agent
game defines the same Hyperpath as found by the adapted Spiess and

20



Florian algorithm. The game theory interpretation opens up the pos-
sibility of alternative hyperpaths generated by different games, for ex-
ample between one agent able to impose a link-specific penalty and the
trip-maker. The potential uses of hyperpaths in transport are reviewed,
focusing ultimately on their use for dispatching shipments of hazardous
materials (hazmats).

N. Geroliminis

Macroscopic Modeling of Traffic in Congested Cities:
Empirical Evidence, Analytical Derivations and Control
Applications

University of Minnesota, USA

Various theories have been proposed to describe vehicular traffic move-
ment in cities on an aggregate level. They fall short to create a macro-
scopic model with variable inputs and outputs that could describe a
rush hour dynamically. This work shows that a Macroscopic Fundamen-
tal Diagram (MFD) relating production (the product of average flow and
network length) and accumulation (the product of average density and
network length) exists for neighborhoods of cities in the order of 5 — 10
km?. It also demonstrates that conditional on accumulation large net-
works behave predictably and independently of their Origin-Destination
tables. These results are based on analysis using simulation of large scale
city networks and real data from urban metropolitan areas. Regularity
conditions under which an MFD exists for different types of networks are
proposed and tested. Further analysis of real data shows that an MFD
is not a universal recipe that can describe any type of large network. For
example, MFDs for spatially inhomogeneous networks or non-redundant
networks, like freeway traffic systems, are highly scattered. An analyti-
cal model based on Variational Theory describes the connection between
network structure and a network’s MFD for urban neighborhoods con-
trolled at least in part by traffic signals. The MFD is applied to develop
control strategies based on neighborhood accumulation and speeds and
improve accessibility without the uncertainty inherent in forecast-based
approaches.
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K. Nagel

Microscopic Simulation of Tsunami-related Evacuation of the
City of Padang

TU Berlin, Germany

The evacuation of whole cities or even regions is an important problem,
as demonstrated by recent events such as the evacuation of Houston in
the case of Hurricane Rita, or the evacuation of coastal cities in the case
of tsunamis. A robust and flexible simulation framework for such large-
scale disasters helps to predict the evacuation process. Furthermore, it
is possible to recognize bottlenecks in advance, so that an elimination of
those bottlenecks is possible. This should lead to a better preparedness
for cities or regions that face a high risk of natural disasters. Existing
methods are either geared towards smaller problems (e.g. Cellular Au-
tomata techniques or methods based on differential equations) or are
not microscopic (e.g. methods based on dynamic traffic assignment).
Our work uses a technique that is both microscopic and capable to pro-
cess large problems. The simulation is applied to the Indonesian city of
Padang. The city faces a high risk of being inundated by an earth quake
triggered tsunami.
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S. Eubank
Policy Informatics for Complex Systems
Virginia Bioinformatics Institute at Virginia Tech, USA

Mental models are inadequate for coping with crises in complex socio-
economic systems. Modern information technology can support evidence-
based policies using simulations to synthesize data. Synthetic data pro-
vide a natural representation of situations and hypothetical outcomes,
suitable for use by policy-makers. This talk will explore issues arising in
the emerging science of policy informatics: distinctions between support
for planning or response efforts; determining requirements for resolu-
tion, fidelity, precision, and accuracy in synthetic data; communicating
between model developers and stakeholders which includes designing
informative experiments and interpreting outcomes; and assessing ad-
equacy of models. Examples will be drawn from practical experiences
with the novel HIN1 influenza.

S. Havlin

Efficient Immunization Approaches to Avoid Epidemic
Spreading

Bar-1lan Unwversity, Israel

We will show how methods based on statistical physics and complex
networks approaches may help to predict the appearing of crises such as
epidemics. These methods also suggest efficient immunization strategies
to coop with such crises. The epidemics could occur in social systems as
well as in communication networks such computers or cellphones. The
methods are based on the percolation theory approach which is extended
to complex networks to include more realistic scenarios, such as the lim-
ited time of epidemics or the dynamical nature of links. Questions such
as how to identify the most crucial spreaders and giving a limited amount
of immunization doses, how to prioritize the recipients? will be also dis-
cussed.

1. Limited path percolation in complex networks
E. Lopez, R. Parshani, R. Cohen, S. Carmi, S. Havlin
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Phys. Rev. Lett. 99, 188701 (2007)

2. Finding a Better Immunization Strategy

Y. Chen, G. Paul, S. Havlin, F. Liljeros, and H. E. Stanley
Phys. Rev. Lett. 101, 058701 (2008)

A. Vespignani

Planning for Pandemic Outbreaks with Large Scale
Computational Models

Indiana University, USA

We present a class of computational epidemic models that integrate
transportation and census data on the worldwide scale. The defined
models allow the analysis of the impact of complex mobility networks on
the behavior of emergent disease spreading and the general issue of the
predictive power offered by computational approaches. In this frame-
work it is possible to tackle foundational issues by using the particle-
network approach and provide new mathematical and computational
tools for the study of large scale epidemics. We will focus the discus-
sion on the analysis of invasion thresholds and the definition of epidemic
pathways. Based on these results we present the Global Epidemic Mod-
eler (GEM) computational platform that can be used in the analysis of
intervention and mitigation policies for emerging disease outbreak.

P. Cirillo

Extremes and Spatiotemporal Contagion in an Agent-Based
Model with Urns

University of Bern, Switzerland

In this paper we aim to show how a simple mechanism of spatiotem-
poral contagion can produce extremal events. We propose an agent-
based model in which agents are displaced on a complete and connected
lattice. For every agent we define a neighborhood set, containing all
the surrounding individuals. Every agent is modeled with a polya-like
urn process completely characterized by its initial composition and rein-
forcement matrix. To model spatiotemporal contagion, we assume that
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the polya reinforcement mechanism of every urn depends not only on
the urn itself (temporal reinforcement), but also on the composition of
the urns in its neighborhood set (spatial reinforcement). In order to
model different possible situations, from simple epidemics to more com-
plex shock phenomena, we use both standard polya and triangular urns
schemes (see Cirillo and Huesler, 2008). Thanks to modern combinato-
rial techniques and computer simulations, we are able to demonstrate
how the interdependence among the connected agents (via the reinforce-
ment mechanism) can produce extreme situations, such as epidemic dis-
eases, financial crisis and innovation processes.

D. Perrin*, H.J. Ruskin

Agent-Based Epidemiological Models and Assessment of
Intervention Policies

Dublin City Unwversity, Ireland

Building upon a modelling framework, introduced and validated for the
investigation of the immune response to HIV infection, this work focuses
on the application of advanced computational techniques to large-scale
models of disease progression in a human population. Of particular
interest is the evaluation of possible intervention policies. Here, we re-
view previous work in brief and outline advantages of the agent-based
paradigm. We report on the interactions at the agent level, and detail
initial tests. We also discuss the required parallel implementation for
large-scale simulations and policy evaluation. Attempts to increase the
realism of individual mobility patterns in agent-based models are also
briefly discussed. The approach provides an efficient modelling platform
on which to investigate epidemiological issues and implications.

o6



SLOI'TANOD HONVNIA AHOHHL HINVD OIdAVH.L SOINHAIdH SNOTYVA STVIHO.LNL T LSOD ¢ LSOO

n
=
=
%
>
—
>




GAME THEORY FINANCE CONFLICTS

TRAFFIC

n
@)
[t
=
=
A
L)
ol
=

TUTORIALS VARIOUS

COST 1

COST 2

M. Buchanan
Prediction and its Limits in Socio-Economic Systems
Independent author

Science recognizes a number of limitations to its power to predict the
future of physical systems. Such limits typically stem from dynamical
chaos or the impracticability of dealing with large numbers of variables.
In this talk, I will review recent work pertaining to the limits of pre-
dictability in complex systems, and to novel features arising in systems
involving adaptive agents, such as humans. The ”socio-physics” ap-
proach often elicits the criticism (from social scientists) that it ignores
the "reflexive” character of social reality — that valid insights into indi-
vidual human behaviour, or social patterns, may quickly cause people
to alter their behaviour, destroying the validity of those insights. T will
argue that reflexitivity is a real phenomenon, but that it’s not a fun-
damental barrier to socio-economic prediction, for two reasons. First,
people under observation often become habituated to their environment
and exhibit stable behaviour. Second, science is gaining an ability to
model the reflexive process itself, by learning to model the process of
human thinking. I'll conclude by reviewing studies in political science
which suggest that a key reflexive feedback driving many of the most re-
cent financial crises has been the evolution of ”triangles” of power among
government agencies, regulators and special interests, such as the finan-
cial industry. Any successful effort to prevent such crises may need to
exert control over such feedbacks, and produce a regulatory framework
that is in some sense ”lobby proof.”

H.J. Herrmann
Robustness of Social Networks
ETH Zurich, Switzerland

Networks typically cease to be operational when they fall apart in dis-
connected pieces. This can be desired as in the case of criminal networks
or should be avoided for instance in the case of communication systems.
Destruction can happen randomly of due to a malicious attack. I will
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present various strategies of optimizing the robustness of networks pre-
serving their degree distribution. A novel topology emerges. Applica-
tions to power networks, botnets, road systems and brain models will be
discussed.

J. Kertész*, B. B. Szekeres, J.P. Onnela, J. Saramaki, J. Kumpula,
J Hyvonen, K. Kaski, D. Lazer, G. Szabd, A.-L. Barabasi

The Role of Tie Strength in the Cohesion of the Society: A
tribute to Mark Granovetter

Budapest University of Technology and Economics, Hungary

Electronic databases, from phone to emails logs, currently provide de-
tailed records of human communication patterns, offering novel avenues
to map and explore the structure of social and communication networks.
We examine the communication patterns of millions of mobile phone
users, allowing us to simultaneously study the local and the global struc-
ture of a society-wide communication network. We observe a coupling
between interaction strengths and the networks local structure, and con-
clude that social networks are robust to the removal of the strong ties,
but fall apart following a phase transition if the weak ties are removed.
We show that this coupling significantly slows the diffusion process, re-
sulting in dynamic trapping of information in communities, and find
that when it comes to information diffusion, weak and strong ties are
for different reasons both simultaneously ineffective.

Using the aggregate records of a mobile phone service provider about
private voice calls of more than 4 million users we construct over 18
weeks a weighted network of interactions where the tie strength is taken
proportional to the total duration of the calls. We introduce a measure
of the link overlap and show that nodes (i.e., people) with strong links
have a large friendship overlap. This way we prove for the first time
the Granovetter hypothesis about the strength of weak ties at a societal
scale. The network has a strongly modular structure with highly wired
communities with strong ties, which are connected by weak links.

A global consequence of this structure is that the network connected-
ness is resilient against removal of strong links while it falls apart when
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the weak links are cancelled.

The intimate relationship between link weights and topology has strong
influence on the dynamic properties of the network. Using the simplest
diffusive spreading dynamics we demonstrated that the probability of
getting new information (or, alternatively, getting infected) via a strong
or weak link is low, in most cases links with an intermediate strength
play the role of the transmitter.

In order to understand the peculiar interplay between topology and
link weights we constructed a model of the social network. The model
has strong simplifications and is based on elementary steps of link for-
mation and tie strengthening. We deal with a constant number of nodes.
In order to reach stationarity time to time a node is eliminated and, at
the same time, a new one without any connections is born. Links are
created either at random (with very low probability), or using already
existing links (friends of friends get friends). An important element of
the model is that whenever a link is used, there is a strengthening ef-
fect,, described by a parameter o. The resulting network describes well
the qualitative features of the call network, including the strength of the
weak ties and the trapping effect.

J.-P. Onnela et al: PNAS 104, 7332 (2007) and New J. Phys. 9, 179
(2007)

J. Kumpula et al. Phys. Rev. Lett. 99, 228701 (2007) and Comp. Phys.
Com. 180, 517 (2009)

S. Solomon,

How Do Economies Grow,How Do They Interract, How Do
They Fall and How Do They Recover?

The Hebrew University of Jerusalem, Israel

The stochastic spatially extended generalized Lokta-Volterra approach
was introduced a few years ago and was applied using analytical (field
theory and statistical mechanics methods), numerically (computer ex-
periments) and empirical (gathering and processing real data) techniques
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to a wide range of natural, biological, economic and social systems.

In this talk I will describe its recent application to the study of in-
teractions between economic sectors, countries and blocks. The theory
predicts robustly in a very wide range of conditions systematic regular-
ities in the growth rates evolution of various subsystems.

The after-shocks J-curve phenomenon (economic decay and rebound
induced by the emergence of singular growth centers) is revisited and
more empirical support is given to the theory. In particular we show that
the data support to the connection between the economic minimum and
the crossover of the new emergent leading sector with the old decaying
one. We describe the Growth Alignment Effect (GAE), its theoretical
basis and demonstrate it empirically for numerous cases in the inter-
national and intra-national economies. The GAE is the concept that in
steady state the growth rates of the GDP per capita of the various sys-
tem components align. We differentiate the GAE predictions from the
usual convergence or divergence conceptual framework that dominated
in economic studies until now.

V.A. Traag, J. Bruggeman*

Community Detection in Networks with Positive and
Negative Links

University of Amsterdam, The Netherlands

Detecting communities in complex networks accurately is a prime chal-
lenge, preceding further analyses of network characteristics and dynam-
ics. Until now, community detection took into account only positively
valued links, while many actual networks also feature negative links. We
extend an existing (spin glass) approach to incorporate negative links as
well, resulting in a method similar to the clustering of signed graphs, but
more accurate and more general. To illustrate our method, we applied
it to a network of international alliances and disputes. Using data from
1993-2001, it turns out that the world can be divided into six power
blocs similar to Huntingtons civilizations, with some notable exceptions.
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K. Bryant

Lessons from Nature and Observation-Outline of a Framework
for Heuristic Decisions and Agent-Based Modelling in
Complex Socio-Economic Systems

Australian National University, Australia

The dynamics of human systems largely depend on the rules of engage-
ment governing the interactions between the human and organisational
agents within the system. At the same time, any such system exists
within a particular framework having relatively static effects. The na-
ture of this framework has a strong influence on the direction of the dy-
namics, on the nature of the phase changes that may occur-and therefore
on the types of systemic failure that may be perceived by agents. Given
these starting points, there are important lessons that can be drawn:
from general observation of complex physical systems, from other nat-
ural systems, from studies of socio-economic systems where a systemic
approach has been successful in terms of policy formulation and strategic
decision-making, and from the work of a few authors who have put for-
ward systemic explanations for some problematic historical phenomena.

R. Crane*, D. Sornette
Measuring the Response of a Social System
ETH Zurich, Switzerland

We study the relaxation response of a social system after endogenous
and exogenous bursts of activity using the time series of daily views for
nearly 5 million videos on YouTube. We find that most activity can be
described accurately as a Poisson process. However, we also find hun-
dreds of thousands of examples in which a burst of activity is followed by
an ubiquitous power-law relaxation governing the timing of views. We
find that these relaxation exponents cluster into three distinct classes
and allow for the classification of collective human dynamics. This is
consistent with an epidemic model on a social network containing two
ingredients: a power-law distribution of waiting times between cause
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and action and an epidemic cascade of actions becoming the cause of
future actions. This work is a conceptual extension of the fluctuation-
dissipation theorem to social systems and provides a unique framework
for the investigation of timing in complex systems.

I. Gallo

Discrete Choice Models in Econometrics and Statistical
Mechanics

Unwversity of Bologna, Italy

Some of the most successful econometric models of discrete choice can
be read as simple statistical mechanical systems of non-interacting in-
dividuals. Such an insight allows to set up an evidence-based analysis
that uses micro-level data to derive motives behind individual choices,
including the effects of peer interaction: this allows to model structural
changes that may be emerging from interaction at a societal level. We
present some preliminary case studies for the proposed analysis.

J. Glattfelder®, S. Vitali, S. Battiston
The Network of Global Corporate Control
ETH Zurich, Switzerland

Ownership networks are prominent examples of complex economic net-
works in which the value of firms as well as the control of firms over
other firms flow through all the paths in the graph. An ownership net-
work is shaped by the interplay of opposing economic interests and its
structure has implications for economic competition in the market and
spread of financial crises. In this work, we present the very first study
of the global network of transnational corporations (TNCs) world-wide.
The nature of nodes and edges in the system requires to go beyond the
typical complex network measures. By combining the flow of indirect
control together with a topological and geographical analysis, we show
a number of relevant facts which were previously unreported. In partic-
ular, we find a bow-tie structure with a small but very dense (strongly
connected) core which accumulates most of the control over all the TNC
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value world-wide. The majority of the firms in the core belong to the
financial sector and are located in US and EU. Remarkably, a large ex-
tent of the control over the core remains within the core itself, thanks to
many mutual direct ownership relations as well as longer cycles. Overall,
the control is highly concentrated with 1.3 % of TNC and their share-
holders holding 80% of the whole control. The results can provid hints
for the investigation of global socio-economic crises.

A. Gutfraind
Resilient Complex Networks
Cornell Unaversity, USA

Complex socio-economic networks such as power grids, information sys-
tems and even underground organizations are often designed for re-
silience - to be able to function even if some of the nodes are compromised
by a human or natural adversary. In many cases the adversary threatens
to cause a cascade where the failure of one node leads to some of the
connected nodes being lost as well, and then many more nodes lost in a
far-reaching contagion. This cascade risk motivates the search for mecha-
nisms or topological properties that would increase the networks cascade
resilience. The talk will introduce a simple model under which networks
are optimized for resilience, and describe the optimal networks under
this model. The results are perhaps surprising and in particular, it was
found that when the exogenous risk of cascades is low the optimal net-
works are densely-connected, but they are also densely-connected when
the risk of cascades is very high. It is in the middle range of cascade risks
that one sees sparse networks characteristic of known cascade-resilient
network topologies. Understanding these phenomena and their phase
transitions will ultimately help identify vulnerabilities and design more
durable networks in many diverse applications areas.

M. Hitt

How few Elements Can Systematically Shape Large-Scale
Patterns

Jacobs University, Germany

In logistics, biological pattern formation often serves as a role model
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for implementing and organizing forms of distributed computation and
other tasks. In many biological systems, variability, i.e. systematic
differences between the system components, can be expected to out-
rank statistical fluctuations in the shaping of self-organized patterns. In
principle, the distribution of single-element properties should thus al-
low predicting features of such patterns. Using a broad range of models
for pattern formation, particularly for excitable systems, we explore this
predictability of patterns [1, 2]. We show that single element properties
are systematically mapped onto patterns. Furthermore we explore, how
this scenario translates to dynamic processes on graphs, for which we
recently discussed the graph equivalent of spatiotemporal patterns and
its dynamical prerequisites [3]. On a more general level our set of studies
point out an additional layer of pattern regulation, which can potentially
be exploited to shape the results according to the logistics needs. Using
a model of conflict dynamics on graphs as a starting point we study the
applicability of this shaping of patterns to various production and dis-
tribution processes in logistics [4].

[1] Geberth, D. and Hutt, M.-Th. (2008) Predicting spiral wave patterns
from cell properties in a model of biological self-organization. Phys. Rev.
E 78, 031917.

2] Geberth, D. and Hutt, M.-Th. (2009) Predicting the distribution of
spiral waves from cell properties in a developmental-path model of Dic-
tyostelium pattern formation. Submitted.

[3] Muller-Linow, M., Hilgetag, C. and Hutt, M.-Th. (2008) Organi-
zation of excitable dynamics in hierarchical biological networks. PLoS
Computational Biology 4, e1000190.

[4] Hadzhiev, B., Windt, K., Bergholz, W. and Hutt, M.-Th. (2009)
Modeling graph coloring dynamics as an excitable system. In prepara-
tion.

C. Mesjasz

Complex Systems Studies and Security: An Epistemological
Framework

Cracow Unwersity of Economics, Poland

The impact of systems thinking can easily be found in numerous security-
oriented research, beginning from the early works on international sys-
tem: Pitrim Sorokin, Quincy Wright, first models of military conflict and
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war: Frederick Lanchester, Lewis F. Richardson, national and military
security (origins of RAND Corporation), through development of game
theory-based conflict studies, International Relations, classical security
studies Morton A. Kaplan, Karl W. Deutsch (Mesjasz 1988), and con-
temporary studies on broadened concepts of security proposed by the
Copenhagen School (Barry Buzan at al., 1998). At present it may be
even stated that the new military and non-military threats to contempo-
rary complex society, such as low-intensity conflicts, regional conflicts,
terrorism, environmental disturbances, etc. cannot be embraced with-
out instruments taken from modern complex systems studies. Unfortu-
nately, in many instances, validity of applications of ideas and methods
deriving from complex systems research in security-oriented studies are
weakened by insufficient understanding of contemporary social sciences
and complex systems ideas. Specialists in social sciences tend to abuse
fashionable methods and language drawn from complexity studies and
specialists in complex systems frequently apply simplified approaches to
complex social phenomena. The aim of the paper (to be presented in
a poster form), which is a part of a broader book project, is to provide
some answers how to understand and to overcome conceptual barriers
challenging applications of complex systems concepts in security-oriented
studies. These answers should allow to develop an epistemological frame-
work for applications of the ideas taken from complex systems research
in security-oriented theoretical discourse and practice.

Buzan, B., Waever, O. & de Wilde, J., 1998, Security. A New Framework
for Analysis, Lynne Rienner Publishers (Boulder-London).

Mesjasz, C., 1988, Applications of Systems Modeling in Peace Research,
Journal of Peace Research, 25, 3.

M.P. Sassano, A.N. Proto*

Complexity Tools to Understand and Deal with the
Argentinean Case

CIC-FI-UBA, Argentina

At the beginning of the last century Argentina was one of the more
rich countries in the world, if not the more one. The comprehension
of its actual situation, even well known, is definitely out of the scope
of standard economic analysis techniques. In this contribution we apply

66



wavelets and Karhunen-Loeve Transform [1-2], to analyze socioeconomic
Argentinean time series from 1960 to 2006, with the aim to extract from
them clues announcing defaults, devaluations, inflation, unemployment.
A simple nonlinear macroeconomic model is also developed for forecast-
ing purposes.

1) A.M. Kowalski, M.T. Martin,O. Rosso, A. Plastino, A.N. Proto Phys.
Lett A 311 (2003) 180-191

2) C.C. Caiafa, M.P. Sassano and A.N. Proto, Physica A 356 (2005)
172-177

C.M. Schneider*, A.A. Moreira, J.S. Andrade, S. Havlin, H.J.

Herrmann

Enhancing Robustness to Malicious Attack of Complex
Networks

ETH Zurich, Switzerland

We develop a method that creates networks, which are robust to mali-
cious attack, as well as improves substantially the robustness of a given
network. We apply the method to different types of scale-free networks
and a real network, the Internet at the level of autonomous system. As
malicious attack we choose the high degree adaptive targeted attack and
we numerically improve the network by changing a fraction of links un-
der the condition that the degree distribution remains invariant.

S. Pyastolov
Thresholds in Institutional Spaces
Russian Academy of Economics, Russia

Threshold effects in behavioral patterns as well as in the public domain
seem to be special among peculiar phenomena concentrated in a rather
short time period in Russia (e.g. Russian labor market paradoxes). The
observed cases give a possibility to check the validity of the proposed He-
lical Institutional Development Scheme (HIDS). The paper shows that
the HIDS might be regarded not only as a sketch of a decision mak-
ing model and a pattern for an institutional space. It may show the
direction in which the dynamic institutional and organizational theory
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is developing: from the analysis of situations with the stable certainty
(complete and perfect information) to the ”stable” uncertainty and then
to "unstable uncertainty” cases where peoples’ preferences and beliefs
are changing. Within the frameworks of HIDS the paper offers an ex-
planation for the quantum structures in Russian institutional matrixes.

V.I. Yukalov*, E.P. Yukalova, D. Sornette
Crises and Death of Socio-Economic Systems
ETH Zurich, Switzerland

A new type of logistic equation is advanced with a delayed carrying ca-
pacity characterizing the capacity created in the process of the society
activity. The latter can be productive or destructive. In the case of
a productive society, the evolution goes in a punctuated way. When
the society activity is destructive, the evolution can end with a finite-
time singularity, implying a crisis, or with a finite-time death. The
destructive activity can be examplified by firm mismanagement leading
to bankruptcy or by corruption resulting in society crisis or death.
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M. Ulieru
Tutorial: Managing and Engineering of Complex Situations
The University of New Brunswick, Canada

This Tutorial will shed light on the disruptive advances brought by the
ubiquity of computing and communication environments that link sys-
tems and people in unprecedented ways into the new kind of techno-
social systems and infrastructures recently named Cyber-Physical Ecosys-
tems. While pointing to fundamental biases that prevent traditional
engineering school of thought from coping with the magnitude of scale
and complexity of these new technological developments we attempt to
lay out the foundation for a new way of thinking about systems design,
coined emergent engineering. One major characteristic of cyber-physical
ecosystems is that, given their very nature, they cannot be a priori de-
fined but rather emerge from the interactions between a myriad of el-
ementary components. We show how the emergence can be guided by
balancing positive and negative feed-back which tunes the growth of new
configurations that adapt the system to sharp and unexpected changes.
On this foundation we introduce the concept of Holistic Security Ecosys-
tem as an overarching operational layer enabling the deployment of dy-
namic, short living emergency response organizations capable of react-
ing quickly to emerging crisis situations. Deployed on the fly from units
belonging to different organizations (military forces, police, firefighters,
ambulance, provincial emergency response organizations, hospitals, etc.)
coming together in a collaborative endeavor to address an emerging need
(e.g. an evolving crisis situation) - holistic security ecosystems balance
micromanagement of subordinates with the excessive independence of
commanders based on a trusted overall operational picture shared via
a reliable communications backbone. The realization is rooted in our
Adaptive Risk Management platform for the analysis of interdependent
systems and organisations via an operational picture of correlated collec-
tive dynamics - supporting strategic thinking and organisational leader-
ship in a wide range of complex operations that go beyond the emergency
response into trend analysis in global markets and enterprise dynamics
for business operations.

70



W. Weidlich
Tutorial about Sociodynamics
Unwversitat Stuttgart, Germany

1) Intentions and Principles of Sociodynamics

Sociodynamics intends to provide an integrated strategy for mathe-
matical modelling of collective dynamic processes in the human society.
The approach is far more general than catastrophe theory: It comprises
the full dynamics of key-variables, namely their chance behaviour as
well as their quasi-deterministic evolution.It connects the bottom-up and
top-down interaction between microlevel and macrolevel of the social sys-
tem. The design principles start from the elementary dynamics of the
key-variables in terms of socially interpretable probabilistic transition
rates and end in evolution equations for them: The master equation for
the probability distribution over key-variables comprises mean behaviour
and fluctuations as well. The quasi-meanvalue-equations derivable from
the master equation descibe the mean evolution only.

2) Normal and Critical Evolution in Sociodynamics

Fluctuations around the mean evolution path of a society are inherent
"ab ovo” in sociodynamics. Therefore the real path of each society is a
"stochastic trajectory”. For "normal” trendparameters its evolution is
smooth and slow with small fluctuations. For ”critical” trendparameters
its evolution is rapid and transitory leading perhaps to a revolutionary
phasetransition with global changes of the values of the key-variables.
Large and unpredictable ”critical fluctuations” are the unmistakable in-
dicators of an imminent critical evolution in which a phasetransition
either may occur or can just be avoided. If the model leads to "gra-
dient dynamics” the different cases can be easily illustrated. However,
sociodynamics also comprises more general dynamics. Both kinds of dy-
namics will be discussed.

3) Political Opinion Formation on the Verge of a Revolution
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Normal and critical evolution in the society including phasetransitions
appears on different scales. The most dramatic phasetransition occurs
if the political system of a society changes from liberalism to totalitari-
anism or vice versa. The appropriate key-variables and their evolution
equations for a parsimonious model of this dynamics are introduced, and
possible scenarios are shortly discussed.

W. Weidlich: Sociodynamics; A Systematic Approach to Mathemati-
cal Modelling in the Social Sciences, Dover Publications (2006), ISBN
0-486-45027-9.

W. Weidlich and H. Huebner: Dynamics of Political Opinion Formation
Including Catastrophe Theory. JEBO 67(2008), 1-26.
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A. Bazzani*, B. Giorgini, R. Rambaldi

Statistical Physics and Social Systems: a Critical Perspective.
The Case of Urban Mobility

Unwversity of Bologna, Italy

The application of Statistical Physics to social systems is mainly related
to looking for macroscopic laws that are derived from experimental data
average in time or space under the assumption that the averaged system
is in a stationary state. The final goal is to correlate the statistical laws
to the microscopic properties of the system: for example to understand
the nature of the microscopic interactions or to point out the existence
of interaction networks. However the probability theory suggests the ex-
istence of few classes of stationary distributions in the thermodynamics
limit, so that the question is if a statistical physics approach could be able
to point out the complex nature of the social systems. We have analyzed
a GPS data base for individual mobility (2% of individual vehicles are
monitored in Italy for insurance reasons) to look for statistical laws on
path length distributions, elapsed time in the different activities related
to mobility, flux distribution in the road network and frequency rank
distribution for the individual destinations. We show as simple generic
assumptions on the microscopic behavior could explain the existence of
stationary macroscopic laws. Our conclusion is that the understanding
of the system complexity requires dynamical data base for the micro-
scopic behavior on a large scale time-dependent environment that allows
to study the evolution of the transient states. Theoretical results on long
range interacting systems suggest that the transient states may provide
much more information of the microscopic interaction nature. Concern-
ing human mobility the GPS data base will be improved in the next
future by enhancing the recording time sampling and by increasing the
sample size.

L. Franchina
Critical Infrastructure Protection, Italian Point of View
Department of Civil Protection, Prime Minister Cabinet, Italy

Modern western countries have developed a model of society character-
ized by a high ”quality of life”, meaning that ”basic” services are avail-
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able to citizens to let them express their attitudes at best, and to satisfy
their needs.. Examples of such services are energy provision, healthcare,
transport, banking and finance. In the last years, dramatic experiences
caused by natural or man-made disasters made urgent to understand the
dependency of our society from those infrastructures that, if disrupted
or destroyed, would seriously compromise our quality of life. Single sec-
tors of critical infrastructures have far back developed criteria to protect
their assets. For example, in the ICT sector various best practices and
standards are available in order to assess systems and infrastructures
security and to design appropriate security measures. Nevertheless, this
is not sufficient to guarantee end users against service interruptions; two
considerations must be done:

e modern critical infrastructures are strictly inter-connected; conse-
quently, a binding analysis of interconnections is mandatory in order
to achieve an effective preview of cascading effects;

e some critical infrastructure operators rely on insurance contracts in
order to guarantee business continuity, regardless of the actual avail-
ability of the service; this approach does not provide any guarantee
for end users in terms of service continuity.

Based on these considerations, an intense activity in the international
community has been undertaken. The USA, following the 9/11 events,
deployed a detailed and organic national strategy for homeland protec-
tion, that entailed the creation of the Department of Homeland Security
(DHS). In july 2002 DHS released the first version of the ”National Strat-
egy for Homeland Security” , that was updated up to the last version in
july 2007. One of the six ”critical mission areas” identified in the strat-
egy aims at protecting Critical Infrastructures and key assets. Within
the EU, the Justice and Home Affairs (JHA) Council of june 2008 ap-
proved the text of the Directive on the identification and designation
of European Critical Infrastructure and the assessment of the need to
improve their protection. The approval of the Directive represents the
final step of a normative path undertaken by the European Council of
june 2004, asking the Commission to prepare a global strategy for the
protection of Critical Infrastructures. The Directive lays out the mea-
sures established by the Commission in order to guarantee the correct
operation of European Critical Infrastructures. In this presentation, af-
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ter a brief introduction on the problem of Critical Infrastructures (CI)
protection, a methodology of classification and analysis of CIs will be
proposed. This methodology turns out to be useful to map the depen-
dencies among different Critical Infrastructures, providing tools for the
forecasting of cascading effects.

H. Vreugdenhil

FLIWAS, the Right Information at the Right Place at the
Right Time for the Right Persons to Take the Right Decision

Consultant crisis management and information on behalf of STOWA,
The Netherlands

The risk of floods along the major rivers is a real danger in a large part
of Europe. To prevent victims and minimize damage, mankind has to be
well prepared for flood events. At such times up to date, unambiguous
and reliable information is essential. The system FLIWAS collects and
presents the information and calculations that are required in the case
of (threatening) floods. In this way it contributes to better emergency
response and disaster relief. FLIWAS is the acronym for FLood Infor-
mation & WArning System. FLIWAS is a web-based system and consist
of different independently usable modules. FLIWAS will provide current
information about imminent floods in major rivers to the right persons,
at the right time, at the right location, to take the right decisions. This
way better decisions can be made and professionals are more aware of
the impact of their decisions. FLIWAS is primarily intended for water
management professionals and for decision makers on different levels.
The water manager can access information that can be used to take
appropriate practical actions during flood events (technical level). Also
information on current water levels and predictions or weak spots in em-
bankments can be supplied. Decisions have to be taken about protecting
and watching dykes (operational level). Supported by FLIWAS, decision
makers are better informed when they have to determine how to respond
in a flood event (strategic level). Is the population at risk? Is evacuation
required? Is military relief needed? Detailed geographical information
and the results of flood modelling calculations show the impact of poten-
tial flooding. The information and maps supplied by FLIWAS make it
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possible to provide better answers. In this way uncertainties are reduced.

G. Rotundo, M. Ausloos*
Resilience of Networks under Source Removal
Université de Liége, Belgium

The understanding of resilience of networks is very relevant to large
scale systems that involve services which are essential to modern society.
Crashes of one unit may generate a collapse of clusters. For example,
power failure and its consequent absence of light reduces the efficiency of
other relevant structures, like train lines, metro, hospitals. Therefore, it
seems necessary to integrate data collected on mutual interactions with
a proper estimate of the expected damage also considering their rise
through intermediaries. Most research on network resilience is based on
the removal of nodes or edges under either random or targeted attach.
Results were based on the connectivity degree that was assumed as a
proxy for the relevance of the node in the network. However a positive
correlation between the connectivity degree of a node in a network and
its relevance for the social system, as well as related centrality measures,
might not evidence all the relevant information. Our work aims to show
how to consider properly some information embedded in weights and
how to merge this information into a new network. In so doing it is pos-
sible to apply to the network already known results on resilience under
random and targeted attacks. Moreover, we estimate the network struc-
ture that is optimal when time series reporting data on the efficiency of
the structures are available.

S. De Porcellinis*, G. Oliva, S. Panzieri, R. Setola

Modelling Interdependency among Physical, Cyber and
Human Behaviour via a MHR approach

University "CAMPUS Bio-Medico”, Italy

The present work reports on an extension of the CISIA modeling frame-
work where each infrastructure is decomposed into its physical/ cy-
ber/ organizational view, each one modelled following a Mixed Holistic-
Reductionistic (MHR) approach. Then, we model the macro-components
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(i.e., the reductionistic basic element) with respect to physical, cyber and
organization view. Moreover, we consider also services (i.e., functional
aggregations) associated with the different visions, and finally, we a sys-
temic (i.e., holistic) representation of the whole infrastructure. Specifi-
cally, we will detail the organizational view to capture how the absence
of resources and/or the presence of failures may degrade the apabilities
of human actors to perform their activities.

E. Pascucci, S. Bologna, A. Tripi, V. Rosato*

MIMESIS: a Multi-infrastructures Map for the Evaluation of
the Impact of Crisis Scenarios

ENFEA, Casaccia Research Centre, Italy and
Ylichron Srl, ¢/o ENEA Casaccia Research Centre, Italy

The needs of supporting Critical Infrastructures against failures or de-
crease of operability due to effects of meteorological or geological events
is related to the impact that CI operability has on social behavior and
well-being. CI crises do often engender altered people behavior which,
in turn, introduces negative feedbacks on CI functions by triggering
cascade-like effects which might turn to produce even stronger impacts
on society. The MIMESIS project aims at realizing a Decision Support
System which, based on a large database containing Cls data, land and
social data, is able to produce a detailed risk map of all Cls present on
a given territory and to evaluate the impact that meteo or geological
events might produce on them. The MIMESIS tool will also contain a
local-area weather forecast system which will allow to support an accu-
rate prediction of meteorological conditions which will be used to provide
a "dynamical” risk estimate of the CI sites. Moreover, the MIMESIS re-
sults can be coupled to a system for the modelling of people behavior
under technological CIs crises.

H.-L. Zeng, B. Tadi¢*

Traffic Jamming with Dynamic Driving and Feedback
Scenarios

JozZef Stefan Institute, Slovenia
Mapping the city streets onto a dual graph enables to study vehicular
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traffic within discrete time dynamic models and make closer connections
with a wide class of dynamical systems which are endogenously driven on
complex geometries (e.g., Internet traffic, earthquakes dynamics, etc.).
We study traffic of vehicles within a numerical model with navigation
and queuing, implemented on a dual graph of Nanjing city. The param-
eters entering the model are scaled against realistic traffic density, street
lengths, etc. We simulate different driving scenarios, in particular with
time varying posting rates and geographical locations of massive events
and/or disaster areas, and employ navigation methods with feedback
information based on updated statistical indicators of the traffic. We
demonstrate how the distributions of the waiting times and travel times
of vehicles, jamming patterns, and time series of the overall traffic load
depend on the driving, navigation rules and traffic density.
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H. Dawid,
Extreme Events and Agent-Based Modelling
Unwversity of Bielefeld, Germany

In this talk I will present several mechanisms that can be identified
as sources of economic instability and endogenously generated extreme
events in agent-based economic models. It is then discussed in how far
the identification of such mechanisms can provide insights into relevant
mechanisms in the real economy and may provide guidance for policy
design. These issues will be illustrated using simulation experiments
carried out in the EURACE model, a large-scale closed macroeconomic
simulation model.

S. van der Hoog, Ch. Deissenberg*
Credit Crunches and Depression in an Agent-Based Economy

Unwersité de la Méditerrané and GREQAM , France

In this paper, we investigate the relationship between the financial man-
agement routines of the firms and the emergence and characteristics of
bankruptcy avalanches in an agent-based economy with explicit spatial
structure. Also, we look at the transmission of national avalanches to
neighboring economies. The analysis is carried within the EURACE
model - arguably the worldwide most advanced agent-based macroeco-
nomic model of a large modern economy.

V. Gontis*, B. Kaulakys

From Stochastic to Agent Modeling of Clustered Activity in
Financial Markets

ITPA VU, Lithuania

IWe model trading activity and return in financial markets by the nonlin-
ear stochastic differential equations. The model adjusted to the empir-
ical data describes PDF and power spectrum of the financial variables
in detail [1,2]. In this contribution we will analyze possible relations
of the stochastic model with the various interacting-agent approaches
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that model the trading process with large ensembles of heterogeneous
traders. First of all we are interested in the mechanism of clustered be-
havior and long-range memory of trading activity and absolute return.
We generalize power-law scaling of variables in analized models within
the nonextensive statistical mechanics framework.

1. V. Gontis, B. Kaulakys, J. Ruseckas, Trading activity as driven Pois-
son process: com- parison with empirical data, Physica A v. 387, p.
3891-3896, 2008.

2. V. Gontis, J. Ruseckas, A. Kononovicius, Long-range memory stochas-
tic model of the return in financial markets, arXiv:0901.0903v1 [q-fin.ST]

M. Kiran

Adaptation Presented in the Dynamics of the Cournot
Oligopoly Model

Unwversity of Sheffield, UK

Adaptation is a useful technique with which individuals can learn to cope
with unforeseen circumstances and survive. The variation in individual
behaviour and the swiftness, with which adaptation happens, influences
the future of not only the individual but the society as a whole. For
investigating these influences, we turn to theories of evolutionary com-
putation to design individuals as extended state machine (X-machine),
which are state machines enhanced with memory and communication,
to study the individual behaviour when surroundings change constantly
at varying speeds. We use the concepts of evolutionary game theory to
analyse the results of individual and the affects the strategies have on the
community as a whole. As benchmark results we have used the Cournot
oligopoly model with varying demand curves and studied how it affects
the individuals with time. The research has shown that even though
equilibrium is reached, new strategies are still being developed and in-
troduced into the system. Still, the social equilibrium stays unaffected.
The individuals are seen to develop the new strategies compiling with the
global norms formed. The value of our argument is when analysing the
economic models from social perspectives we see equilibrium is reached
socially, but individuals are constantly trying to alter their ways. This
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behaviour allows individuals to cope with unforeseen circumstances when
the equilibrium is disrupted in the system.

M.L. Frigotto, A. Rossi*

The Role of Heterogeneity and Communication in Managing
Unexpected Events in Managerial Decision Making

Universita di Trento, Italy

The paper offer a theoretical framework to study how organizations de-
tect and react to unexpected/extreme events in the context of group
decision making. Many contributions in the literature on managerial
decision making have celebrated the role of group heterogeneity as an
enabling factor for solving non recurrent and novel problems, as well as
with dealing with the unexpected. We propose a model which is psycho-
logically grounded on causal inference and belongs to the connectionist
tradition (constraint satisfaction network). Through agent based mod-
eling, we investigate to what extent and under which conditions agents’
heterogeneity can play a positive role in managing unexpected /extreme
events. The hypothesis at stake is that, in settings with incomplete in-
formation/knowledge, diversity might allow a group of agents to build a
more complete and comprehensive representation of the problem, thus
allowing for an inclusion, in the shared analysis, of events and details
which might have been considered as unexpected by some individual
decision makers. More precisely in the paper we model heterogeneous
agents communicating with each other and we assess the impact of var-
ious levels of diversity and communication on individual and collective
performance at solving novel problems. By diversity we mean differ-
ences in how agents build the problem representation. We display this
concept of diversity along two dimensions: knowledge amplitude, with
respect to the knowledge required for a complete representation of the
problem, and knowledge variety, that shows, given the same level of
knowledge amplitude, differences in components. By communication
we intend a conversation on the persuasiveness of the various problem
setting features. Owur results show that when agents have a very in-
complete representation of the problem, communication confound them
even further, as it is difficult to find a common language for sharing
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thoughts. In this respect, they cope better with unexpected event we
they decide alone. Conversely, as the representation of the problem gets
more and more complete, communication becomes effective, but just
up to an optimal point, after which performance declines rapidly and
gets again worse than individual outcomes. Also, the introduction of
knowledge variety further increases performance in teams, since bene-
fits from integrating partial representations of the problem occur more
frequently than communication clashes. Finally, highly diverse teams
seem to be less sensitive to changes in communication strength, while as
diversity declines, even small discrepancies from the optimal communica-
tion strength level might account for a strong variability of performance.
This existing interplay between communication intensity and diversity
suggests that organizations should consider jointly these variable when
evaluating whether to rely on groups or individuals for effective decision
making.

P. Seppecher

Crisis in an Agent-Based Macroeconomic Model with
Endogenous Money

Université de la Méditerranée and GREQAM, France

We present an agent-based model in which money is created by bank
credit for production financing. Real and monetary exchanges between
agents (banks, firms, households) form a complex adaptative system of
which we investigate dynamics and reproduction conditions. This model
constitutes a virtual laboratory for the study of crisis in a monetary
production economy. We introduce exogenous shocks in the model for
simulating : - more flexible workers (changing labour market rules), -
a massive inflow of migrant workers (introducing a capital-labour quan-
titative imbalance), - a resource shortage, an industrial disaster (intro-
ducing an imbalance between two interdependent industrial branches), -
errors in the banking sector behavior (unwarranted financing of slightly-
productive or non-productive activities, Ponzi scheme), - a technological
innovation (rising productivity in one industrial branch or in the whole
industrial sector)... We follow ”in real time” the effects of these shocks
on the system behavior, observing the main macroeconomics indicators
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(income distribution, unemployment, inflation, money velocity, inven-
tory levels, capacity utilization, bankruptcies...). So, we test the system
coping capacity with the risk of a systemic crisis, monetary crisis with
banking sector bankruptcy or social crisis with collapse in real wages.
In conclusion, we explore some simulations with exogenous attempts to
regulate the system (introducing a mininum wage, testing the impact of
public debt or of public employment level...)

S. Thurner*, P. Klimek

Hamiltonian Evolutionary Dynamics as Alternative Models of
Systemic Risk

Medical University of Vienna, Austria

Economics can be seen as an evolutionary system along the lines as
sketched [1]. There goods and services influence each other through an
ever-changing interaction (hyper)graph to produce new goods and ser-
vices through the combination of existing ones, or to substitute old ones
by substitution of new ones. The dynamics of such combination and
substitution processes can be captured in a Hamiltonian formulation,
which in turn allows to study systemic properties of such systems such
as their phase diagrams. Conceptually we propose to interpreted phase-
diagrams in terms of systemic risk - the risk of collapse of an economical
or financial system.

[1] S.A. Kauffman, R. Hanel, and S. Thurner, The evolving web of future
wealth, Scientific American (2008);
http://www.sciam.com/article. cfm ?id=the-evolving-web-of-future-wealth
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S. Ahn*, G. Lim, S. Kim, K. Kim

Possible Extension to the Financial Market Structure: Phase
Transition Phenomena by Inhancing EZ Model

KAIST - Korea Advanced Institute Science and Technology, Republic of
Korea

The critical transition is often observed in financial markets. When the
national economy or the global economy becomes unstable, a mere ru-
mor can induce collective behavior that can lead the whole economic
system into a situation such as a market crash because they incorporate
a mechanism for decision-making by traders into the market dynamics
model. In virtual terms, a financial market is composed of thinking
atoms, for example, agents, and they are, in a very complicated manner,
interwoven via various portfolios and investment strategies. This makes
the higher-order correlation in financial market. The goal of this work
is to graft empirically observed facts into a model, which is specified for
a few of the many stylized facts. Thus, we graft the volatility clustering
observed in empirical financial time series into the Equiluz and Zimmer-
mann (EZ) model, which was introduced to reproduce herding behaviors
of a financial time series. The original EZ model failed to reproduce the
empirically observed power-law exponents of real financial data. The
EZ model ordinarily produces a more fat-tailed distribution compared
to real data, and a long-ranged correlation of absolute returns that un-
derlie the volatility clustering. As it is not appropriate to capture the
empirically observed correlations in a modified EZ model, we apply a
sorting method to incorporate the nonlinear correlation structure of a
real financial time series into the generated returns. By attaching the
nonlinear correlation structure of real financial data to the simulated
returns from the model, herein the EZ model, and its modified version,
slow convergence to a Gaussian behavior is explicitly observed in terms of
scaling of moments. This additional algorithm of nonlinear correlations
can be useful for generating many simulated returns, which are closer to
the stylized features of real financial databases. To this end, we examine
two financial databases that are quoted min-by-min and daily, respec-
tively, for the KOSPI200 index and KRW-USD exchanges. FTSE100
and S&P500 are applied to avoid local deviation. Both are quoted min-
by-min. From these databases, we extract the nonlinear temporal corre-
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lations and graft them onto the time series generated from an EZ model.
We analyze grafted model with these databases by graph and statistics.
Through this analyzing the databases, we can find out applying to real
financial market. Futhermore, for comparison, we present a modified
EZ model that incorporates the sustaining of activated clusters. This
modification leads to a less fat-tailed cumulative distribution.

R. Carvalho, L. Buzna*, F. Bono, E. Gutierrez, W. Just, D.
Arrowsmith

Robustness of Trans-European Gas Networks: The Hot
Backbone

ETH Zurich, Switzerland

Here we uncover the load and vulnerability backbones of the Trans-
European gas pipeline network. Combining topological data with infor-
mation on inter-country flows, we estimate the global load of the network
and its vulnerability to failures. To do this, we apply two complementary
methods generalized from the betweenness centrality and the maximum
flow. We find that the gas pipeline network has grown to satisfy a dual-
purpose: on one hand, the major pipelines are crossed by a large number
of shortest paths thereby increasing the efficiency of the network; on the
other hand, a non-operational pipeline causes only a minimal impact
on network capacity, implying that the network is error-tolerant. These
findings suggest that the Trans-European gas pipeline network is robust,
i.e. error-tolerant to failures of high load links.

http://arxiv.org/abs/0903.0195
Ch. Choi

Criticality in the Size Distribution of the Ising Spin Domains
on Fractal and Non-fractal Complex Networks

Seoul National University, Republic of Korea

The Ising model is a symbolic model in statistical physics, consisting of
the constituents with two states that represent two different states, pro
and con, in social sciences. At the critical point, the domain sizes of pros
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(or cons) exhibit a power-law distribution in the Euclidean space. Such
critical behavior can be observed in fractal scale-free networks as well.
Here, we investigate how such critical behavior changes as the embedded
network crosses over from fractal to non-fractal complex networks as the
number of long-ranged edges is increased. We simulate the Ising model
on a deterministic hierarchical model with a control parameter p, finding
that the cluster size distribution exhibits a percolation transition as a
function of p, of which the characteristics will be discussed.

S. Gil*, A. Serrat-Capdevila
Emergence of Cooperation in Agricultural Production
Fritz-Haber-Institut, Germany

The emergence of cooperation in a model for an artificial farming com-
munity is studied here by use of an agent-based model. The system is
composed of an ensemble of N agents assumed to have equal access to
water, whose availability fluctuates randomly in time. Each agent makes
two decisions every sowing season regarding: (1) the type of crop mix
to plant and (2) whether she joins, or not, a cooperative group that al-
locates water amongst farmers to maximize the production and shares
revenues equally. Results show that the degree to which farmers choose
to cooperate has a strong dependency on the mean water availability.
Cooperation seems to emerge as a way of adaptation to uncertain envi-
ronments by which individual risk is minimized.

J. Kertész*, A. G. Zawadowski, G. Andor, B. Téth, D. Farmer

Large Events on the Stock Market: A Study of High
Resolution Data

Budapest University of Technology and Economics, Hungary

We examine the price of liquid stocks after experiencing a large intraday
price change using data from the NYSE and the NASDAQ for 2000-
2002. We find significant reversal for both intraday price decreases and
increases. The results are stable against varying parameters. While on
the NYSE the large widening of the bid-ask spread eliminates most of the
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profits that can be achieved by a contrarian strategy, on the NASDAQ
the bid-ask spread stays almost constant yielding significant short-term
abnormal profits. Furthermore, volatility, volume, and in case of the
NYSE the bid-ask spread, which increase sharply at the event, decay
according to a power-law and stay significantly high over days after-
wards. We also study the dynamics of the limit order book of liquid
stocks of the London Stock Exchange after experiencing large intra-day
price changes. In addition to the previous observations on other markets
(large variations in several microscopic measures, e.g., the volatility the
bid-ask spread), we find similar behavior in the bid-ask imbalance, the
number of queuing limit orders, the activity (number and volume) of
limit orders placed and canceled, etc. The relaxation of the quantities
is generally very slow that can be described by a power law of exponent
~ 0.4. We find that with a zero intelligence deposition model of the
order flow some empirical results can be reproduced qualitatively.

A. G. Zawadowski, G. Andor and J. Kertész, Quantitative Finance 6,
283-295 (2006)
B. Téth, J. Kertész and J.D. Farmer, arXiv:0901.0495

H. Lavicka*, L. Lin
Epidemic Trends in Social Networks
Faculty of nuclear sciences and physical engineering, Czech Republic

We introduce in this poster a thermodynamic model of Employment,
Production and Consumption (EPC). The architecture of the model is
based on the idea introduced by Wright (2005), describing the social
relations of production and many stylized economic distributions in the
equilibrium.

The kinetic multi-agents EPC model is consisted of agents playing dif-
ferent roles in the economy, they can be either employer, employee or un-
employed. Firms are the main organizations to produce goods, whereas
a market, as a pool of different kinds of goods, is a place for the firms
to trade their products, and for the agents to make consumption. In
the meantime, a monetary cycle goes hand-in-hand with the production
cycle: the owners of firms (employers) gain profit from the market, they
distribute salaries to the employees, so that the employees can spend

90



money in the marketplace.

In a closed economic system, such as the kinetic EPC model, the total
amount of money is conserved, which can be analogous with energy in an
isolated container. Since the fundamental law of statistical equilibrium
mechanism is the exponential Boltzmann-Gibbs law (P(¢) = Ae~*/T (T
is the effective temperature in the equilibrium system, which can be
analogous with average amount of money for each agent, and A is a
normalizing constant)), with its crucial assumption that energy is con-
served, we may think that any conserved quantity, such as money in the
EPC model, in statistical equilibrium should follow an exponential dis-
tribution as P(m) = Ae™"/". Similarly, temperature (T is introduced
to represent the effective average amount of money in the form of wealth,
wages or revenues, and different kinds of temperatures are applied in the
rules to test the simulation results.

1. Tan Wright: The Social Architecture of Capitalism, Physica A, 346
(2005), 589620

M. Medo*, C. H. Yeung, Y.-C. Zhang

How to Quantify the Influence of Correlations on Investment
Diversification

University of Fribourg , Switzerland

When assets are correlated, benefits of investment diversification are
reduced. To measure the influence of correlations on investment perfor-
mance, a new quantity - the effective portfolio size - is proposed and
investigated in both artificial and real situations. We show that in most
cases, the effective portfolio size is much smaller than the actual number
of assets in the portfolio and that it lowers even further during financial
crises.

F. Meynard
Oil Production Process, Energy Balance and Economics
EPFL, Switzerland

Main stream economics analyzes the end of fossile fuels as a substitu-
tion problem that market dynamics will somehow organise. However,
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an analysis of the oil production process in terms of energy balance
shows that this issue must be rather considered as a deep destabilis-
ing factor for industrial economies. By revisiting the famous Hubbert’s
peak oil model, we make more precise the reasons why natural oil deple-
tion mecanisms possibly combined with intentional factors induce highly
volatile oil prices.

T. Mizuno*, Y. Watanabe, J. Masukawa, M. Takayasu
The Statistical Laws of Order Intervals In Financial Market
Hitotsubashi University, Japan

We show statistical laws of order intervals by analyzing order books in
financial market. We investigate intervals of 4 type orders, buy-limit-
order, sell-limit-order, buy-market-order, and sell-market-order. For in-
tervals shorter than about 120 seconds, probability density of the inter-
vals does not follow the exponential function. We introduce an empirical
model that explains this non-trivial probability density.

P. Papadopoulos®, A.C.C. Coolen

Theory of Fake History Agent Based Market Models with
Generalized Valuations and External Perturbation

Kings College London, United Kindom

This paper is a study of financial markets in the context of agent based
modeling building on the existing theory of Minority Games (MG). We
solve the dynamics of batch MG and study the impact on the market of
generalized agents evaluations. The latter represent agents interpreta-
tions of market fluctuations. The formulation introduced in this paper
allows players to switch tactics within the same game, changing between
chartist and fundamentalist behavior.

S. Pillai*, D. Sornette
Epidemic Trends in Social Networks
ETH Zurich, Switzerland

We present the results of simulations of the epidemic spread of popular-
ity in social networks of various topologies.
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C.H. Reschke

Evolution, Decomposability, Risks and the Pharmaceutical
Industry

Institute for Management Rseearch Cologne, Germany

This poster discusses the risks inherent in the pharmaceutical indus-
try from a combination of a cognitive perspective on social psychology
of management and evolutionary perspectives from complexity studies.
The pharmaceutical industries current blockbuster approach is particu-
larly risky, which is not necessarily recognized (Jack 2008). In the past,
this industry has increased expectations and valuations on the assump-
tion of a well-filled pipeline of drug projects. However, the traditional
base for drug research in pharmaceutical companies seems to have been
exhausted or at least volatile over its history (Drews and Ryser 1996,
Drews 2000, Weiss 2008, cp. also Achilladelis and Antonakis 2003),
which has been used to advocate a shift of the dominant model to thera-
peutic areas and personalized medicine (BCG 2001 a, b, ¢, PWC 2007).
In mainstream economic modelling there is a strong tendency to model
such inherently uncertain (unknowable) situations in terms of risky ones
(Hosseini 1990) giving a false impression of manageability. In practice
economic decisions are tests of hypotheses believed to be sufficiently
correct to warrant investment of resources - usually more defensive in
the case of established companies and more adventurous in the case of
start-ups. However, detailed analysis of the interrelations between the
perceptions of actors and influences from the environment are too com-
plex to be captured by economic models, which even in the case of mi-
croeconomic models often remain on a phenomenological, ‘macro-level of
analysis. Thus, methods from complexity studies developed to deal with
the intricacies of molecular interactions may be helpful to deal with the
intricacies of the co-evolutionary interaction between mental represen-
tations of actors and environmental influences based on elements of an
evolutionary theory of social processes (e.g. Kelly 1955, Schlicht 1997).
Herbert Simon and Ando (Ando and Simon 1961, Shpak et al. 2004) have
developed the concept of (near) decomposability, which is based on the
idea that systems of interactions can be separated into groups (modules)
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according to the strength of interactions. If there are groups of variables
among which interactions are much stronger than among other elements,
while they show less strong interactions with other groups of variables, it
is assumed that these inter-group interactions can be neglected and intra-
group interactions aggregated into single variables. This is precisely what
managers do when making assumptions about future developments and
the course to take through these developments. Simon-Ando decom-
posability reflects the organization of complex systems in terms of the
real world as well as its reflection in mental representation: It implies
that micro-states may be aggregated into (different) macro-states that
describe aggregate system behaviour respectively macro-state variables.
In human systems these aggregation in the form of theoretical or belief
systems involve approximations, assumptions and hypotheses on system
behaviour. Such mental representations may relate to the conditions
of the validity of a blockbuster strategy and personalized medicine ap-
proaches in pharmaceuticals. The obvious danger in this assumption
is that interactions between groups of variables are neglectable or that
micro-state variables can be aggregated into macro-state variables over
a number of conditions and / or for longer time horizons. Thus small
effects may lead under positive feedback to the crossing of thresholds
and phase transitions and then may be observed as increased stress, risk
and catastrophes in the systems development (cp. Thom 1989, Sornette
2003). This makes it desirable to develop a theory of the boundaries of
the validity of these aggregation assumptions in general and in human
social system in particular. It should be related to a theory of the hi-

erarchical modular organisation of (complex) systems (cp. Shpak et al.
2004).

W. Ross*, M. Ulieru
Engineering Robust Solutions
Unwversity of New Brunswick, Canada

In our interconnected world, crisis management need no longer be an
individual firm, community, or countrys responsibility. Satellites, tele-
vision, and the Web have turned localized events into world events,
where various and diverse groups can come together to provide assis-
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tance (e.g., 2004 tsunami in Southeast Asia). With ever-improving in-
formation throughput and communication devices, the time is at hand
to investigate how different groups (which may or may not be linked ge-
ographically) can come together (physically and/or virtually) to manage
a crisis in real-time. These groups form a short-lived organization: the
crisis management team.

As crises are by their nature unpredictable, the crisis management
team must be adaptive. They must have the capacity to consider a
wide-range of outcomes and solutions, be responsive to changes in the
crisis, and be able to change themselves (e.g., self-organize). In the best
case, they could anticipate a change in the crisis and implement steps so
that the complex crisis moves/behaves in a desired mannerthereby re-
ducing its complexity. Orchestrating such steps, however, involves trust,
information sharing, and linking the right individuals/groups together
at the right time.

This vision of future crisis management is currently being tested in
the Adaptive Risk Management Lab. Specifically, general principles for
future crisis-management teams are being tested in an agent-based simu-
lation, which uses knowledge of natural complex systems, models for im-
proving intra- and inter-organizational synergy, and data from research
and industry partners. Our goal is to show that given the right condi-
tions, a crisis management team will be able to engineer robust solutions,
capable of responding to crises.

B. Steubing®, P. Wger, O. Thees, C. Ludwig

Assessing the Critical Factors that Determine the Availability
of Wood Fuel in Switzerland with an Agent Based Model

Empa, Switzerland

There is an urgent need to find sustainable ways to reduce the use of
fossil fuels. Therefore, this PhD thesis addresses the availability of cer-
tain biomass fractions as feedstock for energy production, especially for
the production of 2nd generation biofuels. In contrast to other stud-
ies, which analyzed the theoretical availability of biomass for energetic
use, the thesis will focus on the effective market availability of selected
biomass resources. In a first case study, the availability of wood will be
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analysed for a regional energy wood market in Switzerland. A survey will
be conducted to characterize the behaviour of the most relevant market
actors. The methodology of agent based modelling will then be used to
simulate the behaviour and interaction of these actors on the market.
The main objective is to model the availability of wood over time. The
model shall allow for scenario analysis and thus provide insight on the
influence of energy policy, natural disasters or general energy prices on
the future availability of energy wood.

Y. Wanfeng

Systematic Tests of JLS Model for Financial Bubbles and
Crashes

ETH Zurich, Switzerland

We present a systemic method to detect the bubbles and crashes in finan-
cial markets. Johansen, Ledoit and Sornette developed a model (JLS)
in 1999 which claims that the financial markets prices raise faster than
exponential with accelerating oscillations. Using this model many bub-
bles and crashes are successfully detected, such as 2006-2008 oil bubble.
However, the crash time of JLS model is highly dependent on the search
space when fitting the curve. To make the predictions robust, pattern
recognition method is used. A systemic test shows the prediction using
pattern recognition method based on JLS model has a constant good
performance to financial series.

R. Woodard*, D. Sornette
Recent Developments from the Financial Crisis Observatory
ETH Zurich, Switzerland

The Financial Crisis Observatory (FCO) at ETH started in mid-2008
with the goal of testing and quantifying rigorously, in a systematic way
and on a large scale the hypothesis that financial markets exhibit a
degree of inefficiency and a potential for predictability, especially dur-
ing regimes when bubbles develop. We combine the theory of out-of-
equilibrium physical systems, the theory of complex systems, economic
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and financial models and econometric methods. Our main project thus
far has been to monitor the daily share prices of thousands of global eq-
uities with the aim of identifying bubbles and impending crashes using
experience gained from concomitant back testing of the same companies.
We maintain an academic (no trading fees) virtual (no money) portfo-
lio of stocks based on recommendations from our analysis. The FCO
supports Masters and PhD students and post-doctoral researchers. We
present an overview of current projects and results.
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