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Abstracts / Talks

Zdzislaw Burda

Localization of maximal entropy random walk

We define  a  new class  of  random walk  processes  which  maximize  entropy.  This  maximal 
entropy random walk is equivalent to generic random walk if it takes place on a regular lattice, 
but it is not if the underlying lattice is irregular. In particular, we consider a lattice with weak 
dilution. We show that the stationary probability of finding a particle performing maximal entropy 
random walk localizes in the largest nearly spherical region of the lattice which is free of defects. 
This localization phenomenon, which is purely classical in nature, is explained in terms of the 
Lifshitz states of a certain random operator.

Won-Min Song, Tiziana Di Matteo, T. Aste

Uncovering hidden communities and missing links by means of self adapting embedded 
networks

We use  graphs embedded on surfaces  to  extract  the information  from correlation  matrices 
and/or  any kind of  similarity  measures.  The general  ideas underlying  this  methodology are 
presented.  Applications  to  the  study  of  financial  data  and  genetic  expression  data  are 
discussed.

Wilfried Elmenreich 

Engineering Complex Systems: Methods and Tools

Technical  systems  are  becoming  more  and  more  complex  due  to  the  deployment  and 
networking of an increasing number of different components. The capability of future technical 
systems will be limited rather by the ability to handle the complexity of the overall system rather 
than by the potential performance of the employed parts. To handle such heavily networked 
technical  systems,  we  need  to  understand  complex  systems  and  learn  how  to  apply  the 
knowledge gathered in domains such as biology, economics, physics, chemistry, mathematics, 
etc., for engineering appropriate technical solutions. The design process for a complex system, 
however, differs greatly from the traditional design methods for "simple" systems. Therefore, 
there is a strong need for appropriate methods and tools in order to approach this challenge. In 
this  talk,  we  investigate  on  methods  for  modeling and  implementing complex  systems and 
assess potential tools to support the engineering process. Finally, we give a brief overview of 
successfully engineered application examples.

Christoph Flamm

Modeling the Evolution of Catalyzed Reaction Networks

Computational models to explore the evolution of catalyzed reaction networks (or metabolism in 
particular) have demanding pre-requisites. The central component of such a model demands an 
artificial chemistry capable of capturing the algebraic and thermodynamic structure of chemical 
processes.  During chemical  transformations molecular  entities  can change their  quantitative 
physico-chemical  properties  while  atom  types  or  mass  is  conserved.  Furthermore,  upon 
interaction,  novel  molecular  species with  hitherto unknown physico-chemical  properties may 
arise. The artificial  chemistry must have the sufficient complexity to mimic the intricacy of a 



modern metabolic network, without restricting the possible chemistry to the 'known' extant end 
results.  In  addition,  a  genetic  system  that  expresses  catalysts  and  a  non-trivial  map  from 
enzyme or ribozyme sequence/structure to catalytic activity must be implemented. Finally,  a 
fitness  function  must  be  implemented  that  evaluates  metabolic  efficiency  of  the  catalyzed 
reaction network. In my presentation I will focusing on the design of such a computational model 
and will present first simulation results.

Rudolf Hanel, Manfred Pöchacker, Stefan Thurner

Minimally non-linear dynamics: genetic regulatory networks at the edge of chaos

We study the dynamics of high dimensional linearized catalytic reaction equations, modeling 
e.g.  the  dynamics  of  genetic  regulatory  networks.  Expression  levels,  i.e.  Molecular 
concentrations, are non-negative, which poses a natural constraint on the dynamics of catalytic 
reaction systems. The trajectories of the concentrations are confined to the positive quadrant of 
their phase-space. The boundaries of the positive quadrant introduce a minimal nonlinearity to 
the - otherwise linear - dynamics. This makes chaotic dynamics possible. Such systems exhibit 
non-trivial  dynamical  properties,  which  depend  on  the  average  connectivity  of  the  catalytic 
network. Despite the simplicity of such minimally nonlinear systems, their basic properties allow 
to understand fundamental dynamical properties of complex biological reaction networks. We 
discuss properties of the - active - regulatory sub-network. We find a drastic inflation of those 
regions in parameter space where the Lyapunov exponent exactly vanishes. We argue that in 
systems with inflated - edges of chaos - random evolutionary processes have a finite chance to 
select such exceptional regions in parameter space.

Janos Kertesz

Extracting human behavior from ICT data

We briefly review the new perspectives in social sciences provided by the availability of ICT 
records. We concentrate on mobile call data and argue that the network mapped out of them 
can be considered a proxy for the network of human interactions at  the societal  level.  This 
enables us to relate the topology of the network to the characteristics, e.g., to the intensity of 
human interactions, furthermore, to uncover the relationship between the dynamic properties 
and the topological positions of humans in the social network.

Peter Klimek, Stefan Thurner

About constant laws and dynamic 

We demonstrate how networks with co-evolving node- and link-dynamics naturally emerge as 
observable -- that is measureable -- subnetworks of large or even infinite collections of nodes 
between  which  static  or  unchanging  links  are  defined.  Given  a  large  set  of  elements  and 
predetermined nonlinear,  mass-action-law type interactions between them (such as e.g.  the 
laws  of  chemistry)  we  show  that  for  a  wide  range  of  model  parameters  the  observable 
subnetwork is in a phase of dynamical re-structuring. Here the system switches back and forth 
between different stable and chaotic phases although the underlying 'dynamical laws' are not 
changing. We discuss that these findings are applicable in chemical, sociological,  biological, 
economical or even technological settings. To do so, we draw upon measured data from these 
fields and compare stylized facts with  our model.  Taking a broader perspective,  our  model 
draws a clear distinction between what is an element of  the physical  theory underlying the 
model  and  what  is  a  measureable  effect  of  the  physical  theory.  We argue  that  this  is  an 
important and sometimes overlooked concept in the science of complex systems and discuss 
some  common  misconceptions  resulting  from  blurring  this  distinction,  such  as  the  role  of 
fitness/utility functions.



Renaud Lambiotte

Multi-scale dynamics and hierarchical structure in complex networks

The complex structure of many social, information and biological networks is underpinned by 
communities at different scales. These topological modules are often indicative of underlying 
features and functionalities, such as tightly-knit groups of metabolites or species in biological 
networks. The presence of well-defined communities also has an effect on the dynamics taking 
place on a network. A variety of methods and measures have been proposed to uncover these 
modules,  most  notably modularity and spectral  partitioning.  However,  these approaches are 
based on structural,  static  properties of  the network.  Here we introduce a definition  for the 
quality of the partition of a network that is based on the statistical properties of a dynamical 
process taking place on the graph. This measure, denoted the stability of the partition, has an 
intrinsic dependence on the time-scale of the process, which can be used to uncover community 
structures  at  different  resolutions.  The  stability  extends  and  unifies  standard  community 
detection algorithms. In particular, both modularity and spectral partitioning are shown to have a 
dynamical interpretation in the case of undirected networks and can be seen as limiting cases of 
the  stability.  Similarly,  several  multi-resolution  methods  correspond  to  linearisations  of  our 
measure  at  short  times.  In  the  case  of  directed  networks,  however,  stability  differs  from 
modularity  by its non-local  nature as it  is  based on the persistence of  probabilistic  flows in 
modules. We apply our method to find multi-scale partitions for different examples and show 
that the stability can be computed efficiently through the use of extended versions of current 
algorithms that can deal with large networks.

Marija Mitrovic

Bipartite network analysis reveals the role of emotion in comments on Digg stories

The natural occurring partitions of Users and Posts&Comments on Digg stories allows us to 
effectively represent the data with bipartite networks from this Cyber-community, [1,2]. Analysis 
of bipartite networks together with the emotional content of texts reveals the relations between 
user behavior patterns and expressed emotions in their comments.

[1] M. Mitrovic and B. Tadic, Bloggers behavior and emergent communities in Blog space, Eur. Phys. J. B 73, pp. 293-
301, 2010.
[2] M. Mitrovic, G. Paltoglou, and B. Tadic, Networks and Emotions in User Communities at Popular Blogs, IJS preprint, 
2010.

Paul Ormerod

Social influence and evolving right-skewed distributions: bridges to ‘social physics’

Evolutionary studies of collective human behavior have much to offer ‘social' models from the 
physical  sciences which  have elegant  statistical  regularities.  I  present  a general,  yet  highly 
parsimonious, stochastic model, which generates an entire family of real-world right-skew socio 
economic  distributions,  including  exponential,  winner-take-all,  power  law  tails  of  varying 
exponents and power laws across the whole data. The widely used Barabási-Albert (B-A) model 
of preferential attachment is simply a special case of this more general model. In addition, the 
model  produces  the  continuous  turnover  observed  empirically  within  those  distributions. 
Previous  preferential  attachment  models  have  generated  specific  distributions  with  turnover 
using arbitrary add-on rules, but turnover is an inherent feature of our model.

Pietro Panzarasa

Cognitive similarity and network dynamics

Research  has  long  emphasized  the  role  that  social  interaction  has  in  the  modification  of 
individuals’ mental attitudes, meanings, and interpretations. For example, a number of empirical 



studies have shown that, by interacting, individuals can create equifinal meanings and shared 
understanding of a joint experience, revise and reconcile conflicting beliefs, and develop social 
norms for organized action. However, research has often overlooked the impact that cognitive 
similarity  among people  has  on the  evolution  of  social  interaction.  Convergence  of  beliefs, 
interests, and interpretations can be seen not only as an outcome of interaction, but also as the 
cognitive  antecedent of  social  ties.  In this paper,  we take a step toward this direction,  and 
investigate whether and to what extent cognitive similarity affects the likelihood and strength of 
social interaction. To this end, we draw on a longitudinal network dataset from an online forum 
in which users post messages to a number of groups or threads, each devoted to a discussion 
topic. We combine network and content analysis, and infer cognitive similarities among users 
from text-based communication by measuring the semantic distance among the words posted. 
We use these similarities to construct  a cognitive  network,  and then examine its effects on 
whether and how social interaction unfolds over time. Results indicate that, above and beyond 
the  effects  of  status  homophily,  the  probability  and  strength  of  a  social  tie  increases  with 
cognitive similarity, but only up to a critical threshold. Above this level, the effects of cognitive 
similarity reverse. Individuals with highly similar beliefs, meanings, and interpretations are not 
likely to provide each other with the information they seek, and will direct their attention to other 
less cognitively similar partners. We further examine the interplay between cognitive similarity 
and triadic closure. Findings show that the effects of cognitive similarity on the creation and 
strength of a tie between two individuals are mitigated by the number of partners they share and 
by the strength of their ties to these common partners.

Johannes Preiser-Kapeller

Complex (social) networks and historical evidence: the case of Byzantium

In the last two decades, social network analysis has been introduced in various fields of socio 
historical research, also for the ancient and medieval period. Whereas the limited amount of 
source material from these centuries in most cases allows only for the identification of several 
dozens of linked individuals, recent research on especially rich documented regions (Byzantine 
Egypt or later medieval Genoa, for instance) succeeded in the (re-)construction of large-scale 
networks of more than 1,000 nodes and in the analysis of their development through several 
decades. These datasets could provide an opportunity for researchers in the fields of complex 
network analysis and socio-dynamics to test  their  theories and models on or compare their 
results from other sources of data-acquisition on social systems with “real-world data”  from a 
specific historical period. Yet, as I will demonstrate, achievements as well as deficits of several 
of such studies illustrate very well the necessity to combine expertise in the methodology of both 
fields in order to ensure an adequate interpretation of the historical source material as well as 
an elaborate  treatment  of  the evidence with  network-analytical  and statistical  tools.  Such a 
combination will provide the basis for the project “Historical Dynamics in a Time of Crisis: Late 
Byzantium, 1204–1453” currently in preparation at the Institute for Byzantine Studies of  the 
Austrian Academy of Sciences. For this era, there exists a unique source basis in comparison 
with other periods, which provides a huge amount of prosopographical information on the social, 
political, economic, intellectual and private interactions and links between individuals, families, 
groups and institutions. During a previous long-term project at the same Institute, an  almost 
exhaustive  collection  of  more than 30,000 persons mentioned in the Greek sources for this 
period was created; this material is currently converted into a database and will provide a first 
cadre of evidence for the reconstruction of social networks in Late Byzantium. I will explain the 
methods  and  main  aims of  this  project  in  the  field  of  research  on  historical  networks  and 
suggest some of its possible opportunities for interdisciplinary research and cooperation. 

Peter Richmond

Action MP0801: an update together with thoughts on further activity

Are there crucial  issues related to  underlying  models  that  for  whatever  reason we need to 
solve? Are we now looking for more applications and using more or less known methods? Can 
we draw from the (toy?) models examined so far any practical guidance for those working at the 
sharp end in the real world? Are we limited by available data and if so what would do we need 



to tackle problems in a more realistic (?) manner to help? What do colleagues from outside our 
discipline feel about what we are doing? Does it matter?

Alberto Robledo

Generalized thermodynamics underlying the laws of Zipf and Benford

We show that the laws of Zipf and Benford, obeyed by scores of numerical data generated by 
many  and  diverse  kinds  of  natural  phenomena  and  human  activity  are  the  centerpiece 
expressions  of  a  generalized  thermodynamic  structure.  This  structure  is  obtained  from  a 
deformed  type  of  statistical  mechanics  that  arises  when  configurational  phase  space  is 
incompletely  visited  in  an  especially  severe  fashion.  Specifically,  the  restriction  is  that  the 
accessible  fraction of  this space has fractal  properties.  We obtain a generalized version of 
Benford’s law for data expressed in full and not by the first digit. The inverse functional of this 
expression is identified with the Zipf’s law; but it naturally includes the tails observed in real data 
for  small  and  large  rank.  Thermodynamically,  our  version  of  Benford's  law  expresses  a 
Legendre transform between two entropy (or Massieu) potentials, while Zipf’s law is merely the 
expression that relates the corresponding partition functions.

Bosiljka Tadic, Geoff.J.Rodgers

Modelling conflicts with cluster dynamics on networks

We introduce cluster dynamical  models of conflicts in which only the largest  cluster can be 
involved in an action. This mimics the situations in which an attack is planned by a central body, 
and the largest attack force is used. We study the model in its annealed random graph version, 
on a fixed network, and on a network evolving through the actions. The sizes of actions are 
distributed with a power-law tail, however, the exponent is non-universal and depends on the 
frequency of actions and the sparseness of the available connections between units.

Stefan W. Schmitz, Claus Puhr

Structure and Stability in Payment Networks - A Panel Data Analysis of ARTIS Simulations

The purpose of this study is the investigation of the importance and impact of network structure, 
both, at the network level across days and at the node level across days and scenarios (stricken 
ARTIS participants) for the stability of payment systems in the face of operational shocks. The 
analysis is based on a large number of simulations of the Austrian large-value payment system 
ARTIS  that  quantify  the  contagion  impact  of  operational  shocks  at  participants'  sites.  The 
analysis uncovers that only few payment system participants are systemically important and that 
contagion displays substantial variation across time and across scenarios. A subsequent panel 
data investigation tries to explain the variation across time and network participants by structural 
differences of the payment network across time and the position of the stricken account within 
the network. It uncovers that (i) standard variables such as liquidity and liquidity loss can explain 
a substantial fraction of variation, both, across time and across scenarios, that (ii) the structure 
of  the network  itself  adds very  little  and (iii)  the position of  the stricken account  within  the 
network  indeed  contributes  somewhat  to  explaining  the  variations  of  contagion.  Relative 
explanatory power is higher when the analysis focuses on contagion measured by the number 
of banks with unsettled payments or the value of unsettled payments than in the case of the 
measure based on the number of unsettled payments. In light of the fact that those structural 
indicators add only little - in terms of explanatory power - to the more traditional measures of the 
role of an individual participants in the payment system (value and volume of payments) we 
conclude that at this stage network indicators seem to be of limited use for stability analysis.



Roberta Sinatra 

Networks of motivs from sequences of symbols

There are many examples in biology,  in linguistics and in the theory of dynamical systems, 
where  information  resides  and  has  to  be extracted  from corpora  of  raw data  consisting in 
sequences  of  symbols.  For  instance,  a  written  text  in  English  or  in  another  language is  a 
collection of sentences, each sentence being a sequence of the letters from a given alphabet. 
Not all sequences of letters are possible, since the sentences are organized on a lexicon of a 
certain number of words. In addition to this, different words are used together in a structured 
and conventional way. Similarly, in biology, DNA nucleotides or aminoacidic sequence data can 
be seen as corpora of strings. Many results have shown proteins are far from being a random 
assembly of peptides and DNA sequences show non-trivial statistical properties. All this gives 
meaning to the metaphor of DNA and protein sequences regarded as texts written in a still 
unknown language.  Sequences  of  symbols  can  also be found in  time series generated  by 
dynamical systems. In fact, a trajectory in the phase space can be transformed into sequence of 
symbols, by the so-called symbolic dynamic approach. In all the examples mentioned above, 
the main challenge is to decipher the message contained in the corpora of data sequences, and 
to infer the underlying rules that  govern their  production.  We propose a general  method to 
construct networks out of any symbolic sequential data. The method is based on two different 
steps: first it extracts in a 'natural' way motifs, i.e. those recurrent short strings which play the 
same role words do in language; then it represents correlations of motifs within sequences as a 
network. Important information from the original data are embedded in such a network and can 
be easily retrieved as we will show through an application to a biological system. With respect to 
previous linguistic methods,  our approach does not  need the a priori  knowledge of a given 
dictionary. All this, makes the method very general and opens up a wide range of applications 
from the study of  written text,  to the analysis  of different  trajectories in dynamical  systems. 
Moreover, the method does not use parameters on the position of motifs in order to correlate 
them,  since  co-occurrences  are  computed  within  sequences,  which  represent  natural 
interruptions of a corpora of data (proteins in a proteome, sentences in a text, different initial 
conditions in a symbolic dynamics, etc.).

Michael Szell, Stefan Thurner

Establishment of a large-scale "laboratory" for socio-economic behavior

The analysis of high-frequency log files of a massive multiplayer online game played by over 
300,000 people allows to assess socio-economical dynamics over the past four years. We are 
able to relate social and economic behavior of the players to a series of stylized facts known to 
exist  in  the  real  world.  In  particular,  we  analyze  the evolution  of  underlying  growing  social 
networks such as constituted by friends and enemies, communication networks and commercial 
relations,  and  measure  their  characteristic  properties.  We discover  two  classes  of  enemy 
formation processes and propose two new empirical social laws in communication networks 
which  validate  the  weak  ties  hypothesis  of  Granovetter.  A  motif  analysis  reveals  striking 
differences in topological  structure between friend and enemy networks,  further examination 
confirms structural balance hypotheses. We compare our findings with literature on real world 
data. With this setup we demonstrate the feasibility of establishing a large-scale "laboratory" for 
socio-economic behavior.

Marija Mitrovic, Georgios Paltoglou, Bosiljka Tadic

Raise and Fall of Cyber-Communities

Based on the high-resolution data from Blogs and Diggs mapped onto bipartite networks and 
supplemented by the text screening for the presence of emotional contents [1,2], we present the 
methodology for systematic detection of the emerging user communities in Cyberspace. Our 
analysis reveals how the evolution of the communities over time is related with the emotional 
contents of the comments posted by the users. We discuss the underlying mechanisms of the 
dynamics  at  local  scale  and  robustness  of  the  global  patterns  observed  in  several  large 



datasets.

[1] M. Mitrovic and B. Tadic, Bloggers behavior and emergent communities in Blog space, Eur. Phys. J. B 73, pp. 293-
301, (2010)
[2] M. Mitrovic, G. Paltoglou, and B. Tadic, Networks and Emotions in User Communities at Popular Blogs, IJS preprint, 
2010.

Karoline Wiesner

Information erasure in labelled directed graphs

It is still argued how to best quantify complexity and to what end. One prominent measure of 
complexity (the statistical complexity) has an operational meaning in terms of the amount of 
resources needed to  forecasting a  system's behaviour.  Another  one (the effective  measure 
complexity, aka excess entropy) is a measure of mutual information of the system's behaviour. 
We show that the two measures are related through the amount of information which is erased 
during forecasting. As a result we obtain a definition of information erasure applicable to labelled 
directed graphs. We will  discuss how this idea might be used to look at information flow in 
bidirectional networks.
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