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Publishable executive summary

PATTERN-RESILIENCE
EU FRA‘!g!_zwaRi_'(‘ie' NEST PROJECT

http://www.patres-project.eu
Scientific problem and objectives

The project chose to found its research on Mar{@®4) formalisation of the concept of resilience,
which is based on viability theory. This framewadskmore general than existing definitions becatise i
requires no assumption about the dynamical praggedf the system. Moreover, the approach enables to
compute laws of actions on the system in order depkor restore a desired property, lost after a
perturbation.

However, solving a viability problem is practicafpssible only when the problem is expressed ite sta
space of relatively small dimensionality (up tor78odimensions). It is therefore impossible to ggplke
method on systems described by a large numbetationnected entities, because the state spadedas
many dimensions. Nevertheless, when the intercdedeentities generate statistical regularities or
patterns, which can be described with a reasomabitder of dimensions, and when the desired praserti
of the system are related to these patterns, theagh can be adapted. The association of patigths
resilience justifies the title of the projetpattern resilience”.

The main objective of the project derives from ientific challenge: to elaborate efficient methand
tools for modelling and managing pattern resiliennecomplex systems. The methods integrate
contributions from the research on resilience, npamicularly its link with viability theory, and ethods
for pattern identification in models and data.

The main objective therefore includes two aspects:

» Defining more powerful and more flexible methodsl @aools for solving viability problemghan
current ones, in particular using recent statibtimals such as Support Vector Machines (SVMs), and
therefore increase the range of systems in whiehdkilience problem can be solved.

« Providing a set of methods and tools for modelpagtern dynamigsbuilding on current work on the
exploration of models with systematic experimentakigns, and on general statistical physics
approaches.

The project investigates the efficiency of the deped methods and tools dour case studiesn very
different domains (ecology, social sciences, cogmjt
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Participant organisation name short name Country

1 Cemagref Cemagref F
Laboratoire d’'Ingénierie des Systemes Complexes

2 University of Surrey unis UK
Department of Sociology

3 Universitat llles Balear uiB S
IFISC

4 Helmholtz Centre for Environmental Research - UFZ UFZ D
Department of Ecological Modelling

5 Centre National de la Recherche Scientifique CNRS F
Centre de Recherche en Epistémologie Appliquée

Work performed

In this second period of the project, we derivedenefined versions of the case study models, amd w
used them to test our tools and methods. Globatybetter identified the main steps of a globalragph

to compute viability based resilience on complestams. Moreover, for some case studies, new tools f
collecting data were developed.

During the period, we held two plenary meetings tmde visits between partners took place.
Moreover, we organised two knowledge disseminatiorkshops:

- aone day presentation in a satellite workshohefEuropean Conference on Complex Systems
in Warwick,

- athree day course for young scientists, whichlveg in Madeira.

The main dissemination vector for the future is bw®k produced by the consortium. It describes in
details the methods and tools, as well as theiliGgiipns on case studies. It will be publishecthsy end
of 2010.

Results achieved

Extending current definitions of resilience towardan action oriented approach

During the project, we improved collectively therfml definition of resilience based on viabilityydawe
identified better its links with existing definitig. In particular, we considered the main exisforgnal
definitions of resilience: one based on a linedioraof the dynamics in the vicinity of an attractd the
dynamics, often called the "engineering resilienegt another one based on regime shifts and tamac
basins size. We showed that these definitions @arsden as particular cases of the viability based
definition, which is therefore more general. Westrated this claim on an example from the liteatu
(Anderies et al. 2003). Moreover, we showed thatuiability based resilience is more action oridnte
because one can compute policies of action to miaiot drive back a system into a desired stat:sget
framework.

Pattern resilience: a general approach tested onset of case studies

The main problem of the practical application a# thability-based resilience is that the computatid
viable or resilient states is very heavy computetily. In particular, it is impossible to applydirectly to
systems defined in a state space with many dimessieor instance, the models including interacting
agents include a lot of variables defining themtess, and hence the computation of viability-based
resilience in such systems appears out of cur@npatational means.

4
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However, we prove on several case studies thatdbinetimes possible to approximate the main patter
dynamics of the system, using more synthetic rgmt@sions, and then to compute the viability and
resilience on the approximated dynamics. The géapmoach includes the following steps:
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Fig. 1: Savanna case study, first step: the compledel (top left) is simplified into a cellular amaton (top right,
black squares are trees, white squares are gwisis);ules derived from simple functions fittingetlsimulations of
the complex model (bottom).

» define a simpler individual based model, with siifigdl individuals and dynamics (see fig. 1),

» to apply methods of statistical physics (such &as @aproximation) on this simplified model,
yielding synthetic representations of the systgrattern dynamics,

» to define the desired state set in the state spfatbe pattern dynamics,

e to compute viability and resilience of the systealatively to this desired state set, and
corresponding policies of action (see fig. 2).
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Fig. 2: Left: differential equation defining pattedlynamics from the simple model of savanna. Rigdfresentation
of viability kernel (in blue), resilience indicelings from yellow to red) and trajectory of the t&ya returning to the

viability kernel after perturbation (in green).
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In this approach, it is necessary to make many coation experiments: first to check that the simple
individual based model (IBM) fits well the more cplex one, and then to check that the synthetiepatt
dynamics model fits well the simpler IBM. It is alémportant to perform sensitivity analyses of thes
models, and to explore their regime shifts.
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Fig. 3: Examples of patterns obtained from thedrétmodel, obtained by changing the value of cararpeter. The
challenge was to maintain some of their charadiesishrough adequate actions.

In most cases, it is also interesting to perforseasitivity analysis of viability and resilience ehthe
parameters of the model vary. This provides theeslof the parameters for which the system has the
highest viability or resilience. Moreover, we tektbe typical optimal policies provided by the safte

for different values of the parameters.

In addition to this general approach, the work ba tase studies achieved some noticeable results,
obtained in the second period of the project:

- In the savanna case study, we showed that theaatien between tree-tree establishment
competition and fire is fundamental to explainirayanna dynamics. Moreover, we identified
specific management strategies for maintainingsth&@nna in a desired state set.

- In the bacteria case study, we identified a newistéa mechanism for generating observed
patterns in bacteria populations (see fig. 3). Mweg, in an idealised setting, we derived policies
of actions for maintaining the characteristicstafse emergent patterns.

- In the language competition case study, we propaesetbre comprehensive analytical model
which includes the stochastic part of the dynamiésreover, on simpler versions of this model,
we computed policies of action on the prestigeanfjlages in order to keep their diversity.

- In the social dilemma case study, we used a toyemoflinteracting agents with more or less
cooperative attitudes, and we derived from it peticof actions for a public body to favour
cooperative attitudes.

- We gathered new sets of data about the web 2.0plas®rved patterns for the evolutions of wikis
and sites for sharing images (Flickr).

- We defined new methods for deriving patterns dyrarfriom individual-based models defined by
two symmetric absorbing states, competitive dynaraitd continuous states with local attraction
(bounded confidence models) with noise.
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Improvement of tools and methods for computing viallity and resilience

The main achievement of the project is the develnof KAVIAR, a software prototype which includes
recent advances on viability kernel approximatiathWwsupport vector machines” (SVM). In its simples
version, the algorithm uses a lattice defined an gtate space. Then an algorithm defines itergtiael
training set separating viable from non-viable p®inith respect to the current approximation. SVévis
well known for providing efficient and parsimoniogslutions to such problems. More sophisticated
versions of the algorithm, using only a part of tlaitice for learning (“active learning”) are also
implemented. Then, the software provides the copioticies to apply in order to remain in the viétlgi
kernel, or to drive the system back into it. A sfiewariant, optimised for the computation of lesice
indices, is also available. We wrote a user guatteHis tool, and several participants of the prbjeere
trained to use it on their problems. The softwaravailable from the project web sitgtp://www.patres-
project.eu

In the second period, we extensively tested thewvapé and made it more robust. Moreover, we added
different methods of optimisation for computing ttamtrols.

More generally, we proposed a new approach fonaefirobust control policies to keep a system withi

its viability kernel. This approach is based on tdmnputation of the distance from the states to the
boundary of the viability kernel.

Improvement of SimExplorer, a software tool supporing complex simulation experiments

When one wants to identify patterns in models, aépg heavy simulation experiments is often neagssa
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The prototype software of SimExplorer, developedrduthe project, helps the user to define a workfl

for such experiments: experimental design, geraraif model inputs, model launching, model outputs
treatments (see fig.5). It includes a link to comigoused libraries to define experimental designd a
statistical treatments (R packages), facilitiesdaoe the experiments and manage their qualityljties to
launch experiments on computer clusters or gritie. development of this tool has also been finalycial
supported by LifeGrid program (until September 2008e used the software on some of the case studies
(in particular savanna and bacteria).

The progress during the second period concernslyrthia facilities for launching sets of simulatioos
clusters and computer grids.
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Section 1 — Project objectives and major achievem&nduring the
reporting period

Project general objectives and relation to the statof the art

The main objective of the projecttis elaborate an efficient method for modelling ana@naging
pattern resilience in complex systerfibe method will integrate contributions from theearch
on resilience, more particularly its link with Visity Theory, and methods for pattern
identification in models and data

The efficiency of the developed method dependserefficiency of its parts. The main objective
therefore includes the following ones:

» Defining more powerful and more flexible methodssfalving viability problemshan current
ones, in particular using recent statistical tosllgh as SVMs, and therefore increase the
range of systems in which the resilience problemlmsolved.

* Providing a set of methods for modelling pattermaiyics building on current work on the
exploration of models with systematic experimed&sgigns, and on general statistical physics
approaches.

The project will develop two software prototypesievhimplement the two main parts of the
global method, and will be designed to be usedthmyen order to compute pattern resilience:

* A tool for identifying and modelling pattern dynamicscomplex modelJamplementing the
methodological innovations of the project, and rtgkinto account the requirements of the
general method for modelling and managing pattesilience.

» A tool for computing resilience properties of a systamdthe sets of actions to carry out
order to maintain or recover a desired pattern dynamigée tool will implement the
methodological innovations of the project.

Much attention will be paid to a joint use of thdsels in the context of pattern resilience
computation, but each part will be usable indepatige

The project will investigate the efficiency of tlieveloped methods and tools twe case
studies in very different domains (ecology, social scesiccognition). For each case study, the
objectives are:

» to provide an implementation of a micro-level moafahe system, and of the general method
applied to it, including the pattern dynamics moaeld the related resilience computation,

» to bring new knowledge about the resilience ofdbresidered complex system

Objectives of the period

The period corresponds mainly to development pb&#ige project, coming after the pilot phase.
It included the following objectives:
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* To develop a refined model for each case studytlaea test the refined methods for pattern
dynamics identification and resilience computing.

* To design a refined set of methods for patterntifieation, to be tested on the case studies.
This first version will include a set of alreadyigiing tools and methods (SimExplorer,
moment approximation...).

» To design a refined general method for computisgiemce and related action policies. This
first version will include existing components ferability kernel computation and their
adaptation to compute resilient action policiesqixg viability algorithms).

Work performed during the period

In this second period of the project, we derivedenefined versions of the case study models,
and we used them to test our tools and methodfaByo we better identified the main steps of a
global approach to compute viability based resdléean complex systems.

In addition to this general approach, the work be tase studies achieved some noticeable
results, obtained in the second period of the ptoje

In the savanna case study, we showed that thexatien between tree-tree establishment
competition and fire is fundamental to explainingvanna dynamics. Moreover, we
identified specific management strategies for naanmg the savanna in a desired state
set.

In the bacteria case study, we identified a newistg&a mechanism for generating
observed patterns in bacteria populations (see3jigMoreover, in an idealised setting,
we derived policies of actions for maintaining tblearacteristics of these emergent
patterns.

In the language competition case study, we propasetbre comprehensive analytical
model which includes the stochastic part of theaghyits. Moreover, on simpler versions
of this model, we computed policies of action om firestige of languages in order to
keep their diversity.

In the social dilemma case study, we improved #peasentation of the problem by
including a variable corresponding to the budgethefinstitution, to take the cost of the
action into account.

We gathered new sets of data about the web 2.0plaselved patterns for the evolutions
of wikis and sites for sharing images (Flickr).

In terms of methods and tools, this second perasl dilso been devoted to the refinement and
development of the achievements of the first plodigiee project:

We improved Kaviar, the software prototype for camnpg viability kernels and
resilience indices, using "support vector machindsfe improvements come from the
correction of bugs found through intensive testinghe case studies, and the addition of
different optimisation methods for computing thaitrols.

We defined new methods for deriving patterns dywcanfiiom individual-based models
defined by two symmetric absorbing states, conmpetilynamics and continuous states
with local attraction (bounded confidence modelghwoise.

10
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- We proposed a new approach for defining robustrobpblicies to keep a system within
its viability kernel. This approach is based on toenputation of the distance from the
states to the boundary of the viability kernel.

During the period, we held two plenary meetings thmee visits between partners took place.
Moreover, we organised two knowledge disseminatiorkshops:

- A one day presentation in a satellite workshophef European Conference on Complex
Systems in Warwick,

- Athree day course for young scientists, which hald in Madeira.

The main dissemination vector for the future istbek produced by the consortium. It describes
in details the methods and tools, as well as dqgilications on case studies. It will be published
by the end of 2010.

Adjustments

For the CNRS case study, we explored some modelgramics of scientific domains, based on
data bases of citations. However, we did not managxpress a proper dynamic model beyond
the observed data, and hence we could not applyltisl approach defined in the project.

Therefore, we focused on the social dilemma casiyst

In the Surrey case study, we also had difficulttedevelop a relevant model for the dynamics of
Web 2.0. This model was not advanced enough iretite of the project to apply the global
approach.

11
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Section 2 — Workpackage progress of the period

Workpackage 1: Case studies

Objectives

During the period, the main objectives were:

1. To define and implement refined models of the miexel dynamics of each case study,
confronted with different sources of data (Patteriented Modelling)

2. To test the version of methods and tools develaped/P2 and WP3 on these refined
dynamics, and provide guidance for their improveimen

Progress toward objectives
Global progress

The work fits the objectives for 4 case studiesy§Baa, bacteria, languages and social dilemma).
In this second period of the project, we developthed dynamics for these systems, and tested
the tools for pattern dynamics and viability — liesice computation. In the other case studies
(web communities, pattern dynamics in scientifterkture) we mainly focused on data driven
descriptions of these systems pattern dynamics.

Case studies
Savanna case study (UFZ)

The work in the savnna case study progressed ifollogving three directions:

« UFZ and IFISC studied the effects of tree-tree ldsfament competition and fire on
savanna dynamics. The mechanisms regulating saveeaopulations are still not well
understood. Recent empirical work suggests thdt bree-tree competition and fire are
key factors in semi-arid to mesic savannas. Weldped a minimalistic and analytically
tractable stochastic cellular automaton to study itidividual and combined effects of
competition and fire on savannas. We found thailevbompetition often strongly
depresses tree density, fire generally has littipact, but can drive tree extinction in
extreme scenarios. When combined, competition &nel interact nonlinearly,
magnifying each others negative effects on treesitiena novel result that may help
explain several observed phenomena in savannaahi@at et al. 2010).

e IFISC and UFZ studied tree-grass coexistence: shgdhna problem". The phenomenon
of the coexistence of trees and grasses in savabogystems has been extensively
studied during the last decades, and yet it iswalt understood. Recent experimental
observations show that external forcing like vagyiveather conditions (rainfalls) is a key
factor that regulates savanna dynamics. To tadideetfects of this mechanism from a
Statistical Physics point of view, we proposed atubied a simple stochastic model,
which is a variant of the Contact Process. We th&oduce the concept of "dynamical
phase coexistence" to provide a simple solutiontter "savanna problem”. The model
exhibits a transition from grassland to tree-gre@sxistence, whose nature depends on

12
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the values of the internal parameters. We alsdystine spatial structure of tree
distribution and characterize the mechanisms legitirtlustering (Vasquez et al. 2010).

e UFZ and Cemagref studied the viability and resderof the mean-field and pair
approximation models of the stochastic cellulaomata model. We studied first the case
of a desired set including the attractor of theadgits for a density of trees around 0.22.
Then we considered desired state sets where theitylesf trees should be over a
minimum value of 0.01 or 0.03, and should be beloy These desired sets exclude the
attractors of the mean-field dynamics. Hence, naaimg the system in these state sets
requires to increase or decrease grazing peridglidAle observed that the same desired
set includes an attractor (for a value of the tdeasity around 0.18), and leads to
qualitatively different viability kernels. More dels are provided in deliverable (3.1) and
in the book in which a chapter is devoted to tlaisecstudy.

Publications:

Calabrese, Justin; Vazquez, Federico; Lopez, @a@tdSan Miguel, Maxi; Grimm, Volker.
2010. The individual and interactive effects ofetteee establishment competition and
fire on savanna structure and dynamfasierican Naturalist.175: pp. E44—-E65.

Calabrese JM, Deffuant G, Grimm V. Bridging the dagtween computational models and
viability theory in savanna ecosystems. In: Deftu& Gilbert N (eds)Pattern
Resilience: Computing Resilient Action Policies Swcial and Ecological Research
Springer (to appear).

Vazquez, Federico; Lopez, Cristobal;, CalabresefinJumnd Mufioz, Miguel Angel. 2010.
Dynamical phase coexistence: a simple solutionhto gavanna problendournal of
Theoretical Biology(in press).

Bacteria case study (Cemagref)

First, we developed a detailed model of bacteriaadyics which was inspired by observations
from different experiments. The model includes baatwith various sizes, depending on the
nutrient they consume. The bacteria are motile, thegt produce a polymer which affects their
ability to move. The diffusion of the substrateruded by usual diffusion dynamics. We studied
this model, especially considering different valoéshe influence of the polymer on motility. In
some cases, we noticed that a specific spatialn@g@on emerges, with connected colonies,
corresponding to some observation in real settifigs work led to a publication (Mabrouk et al.
2010).

To study the pattern dynamics of this model, weveera simpler version which exhibits similar
patterns, but is easier to study both experimgntaid theoretically. In this model, the bacteria
are represented by simple points, and we consideeg¢dhe concentration of substrate is constant
in the whole considered volume. In the simplessiogr, we also eliminated the polymer, because
we showed that the model without polymer exhildis same set of patterns. These patterns go
from a globally uniform distribution, to stripesdatabyrinth like organisations and also regularly
distributed round shape colonies. These patterms baen observed in real biofilms.

We studied these pattern dynamics using second mtoapproach. The idea is to capture the
essential part of the spatial dynamics using by@pmating them with the dynamics of spatial
correlations. We showed that for most cases thisageh is adequate to provide a synthesis of

13
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the average spatial dynamics. However, in the cabese spatial fluctuations of the distribution
play an important role in the dynamics, the appno@ not appropriate, because these
fluctuations are erased by an averaging process.

The moment model could not be directly used in \rability — resilience tools, because it
represents a 2D function. Considering only two {soiof it like in the Savanna case was not
possible. However, we managed to define other bsasummarizing the pattern observed in
the moment function, and to express the problea small number of dimensions. This work is
the object of a chapter of the book (Mabrouk e2@ll0).

Mabrouk N, Deffuant G, Lobry C. Tolker-Nielsen TOID: Bacteria can aggregate into
interconnected microcolonies when a self-excreteddyrct reduces their surface
motility: evidence from individual-based model siations, Journal of Theoretical
Biology— In press.

Mabrouk et al. (2010): Viability and resilience af stylised biofilm pattern dynamics. G.
Deffuant N. Gilbert (Eds.), Pattern Resilience,iSger, 2010. (forthcoming).

Language Competition case study (UIB - IFISC)

This case study had been already well advancdtkifirst period of the project. IFISC continued
the work on pattern dynamics, with the followingimstepd:

i) Study of the effects of social network commueston the dynamics of language competition

i) Characterization of the role of prestige andlattity in language dynamics through
simulations of the IBMs of language competition

iii) Derivation and analysis of macroscopic degsitons of language dynamics models in
different complex networks.

We investigate the dynamics of the Abrams-Strogatzi Minett-Wang models for the
competition between two languages in a bilingualedy. In the first model, each individual can
be in one of two possible states, either usinguagg A or language B, while the second model
incorporates an intermediate state AB representidg/iduals that use both languages. We
analyze both models on fully-connected, complexwodts and two-dimensional lattices by
analytical and numerical methods. We find that,ticotly to what we were expecting, language
coexistence is more difficult to achieve in the BtinWang model, where the presence of
bilinguals in use facilitates the ultimate dominaraf one of the two languages. Also, a stability
analysis reveals that language coexistence is omdilkely to happen in poorly-connected than in
fully connected networks, and that the dominanceom one language is enhanced as the
connectivity decreases.

Moreover, IFISC collaborated with Cemagref on thelg of the viability and resilience of two

languages in competition represented by the Abr&tregatz model. In particular, we computed
the viability kernel and resilience indices of thestem for the different dynamical regimes. In
one case, there is a set of attractors locateldeirdésired state set, in the other case, therat.is n
The viability kernel and resilience sets are veiffecent. Moreover, they lead to policies of
action on the prestige of the languages which e different. This study led to a publication,
and a chapter of the book is devoted to it (witlreraetails than in the publication).

14
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Toivonen, R.; Castelld, X.; Eguiluz, V.; Saramé&kj,Kaski, K; San Miguel,MBroad lifetime
distributions for ordering dynamics in complex netis Physical Revievie 79,
016109 (1-8) (2009)

Vazquez, F; Castello, X.; San Miguel, M.. 2010. AgBased Model of Language Competition:
Macroscopic descriptions and order-disorder traorst Submitted td. Stat. Mech

Chapel, L, Castelld, X, Bernard, C, Deffuant, GuHigg, V, Martin, S, San Miguel, M. Viability
and Resilience of Languages in Competitidablic Library of Science
http://www.pubmedcentral.nih.gov/articlerender.Raitid=2811194

Web 2.0 case studies (UniS)

UniS activity during the second period focused loa $tudy of the dynamics of two classes of
collaborative online communities: peer productigistems (wikis) and social media sharing
websites (Flickr groups). With respect to the aliyi planned activity, the second phase was
substantially devoted to the development of toolxallect and analyse data on the temporal
dynamics of these systems. Indeed, despite a wielsdpnterest in online social networking
services as a testbed for social network analysidate we lack substantial empirical evidence
on the dynamics obeer production systenand collaborative communitied.e. online systems
(often built on top of social networking servicggared towards the decentralised production of
content by large collectives of users. The avdilgbof rich datasets on the evolution of such
systems (at the micro-level of individual behavialnle meso-level of community dynamics and
the macro-level of global system dynamics) andrthederstanding is an essential condition for
the development of realistic models of their dyr@niWith one sole exception (the case of
Wikipedia, which has been extensively studied ia literature but unfortunately represents an
outlier of little relevance for the purpose of ghieesent analysis), data about the evolution of an
“ecosystem” of collaborative communities was ndaikable before the initial phase of the project
and therefore had to be obtained as part of tlgeer Work conducted in the second phase of
the project can be summarised as follows:

« Pilot large-scale study of wiki dynamics. We anealyzthe social dynamics of a large
datasets of wikis and described the results inlat gitudy, showing the effects of
governance and demographic properties on the ewolut content and population of
wiki-based communities.

» Extension of wiki data collection: WikiTracer. Weegsigned and started implementing a
system called Wikitracérallowing the automatic extraction of data from ariety of
distributed sources. Our pilot analysis of wiki dymcs demonstrated the empirical
predictions that can be made about the evolutioniki§ by analyzing their structure and
social dynamics over time.

» Case study on growth drivers in social media slgagommunities. We analysed several
months worth of data extracted via Flickr Groupckra a tool that we designed and
implemented in the first part of the project. S@ppéntary data were provided thanks to
collaborations with partners external to the cotisor (University of Rome la Sapienza
and University of Paris 7). The results of thisdstshow the major discrepancies in the
dynamics of these systems when compared to pedugion systems, and the effects of

! http://wikitracer.com
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social- and affiliation-network dependent factorsthe growth and population turnover
of these communities.

» Extension of Flickr group data collection. In cbitaation with IFISC we implemented a
system to extend the Flickr data collection to exllfrequent snapshots of individual
social link creation and affiliation behaviour ascandition for a study in preparation
between IFISC and UniS.

» Exploring a model of collaborative content prodastiln collaboration with IFISC we first
analyze the properties of the groups formed akflje.g., distribution of the number of
members per group) and second, we propose a nfatetdptures the observed features
of the group formation. We observe a lognormalritistion of group sizes for Flickr
both in terms of number of photos and number ofuus€hus, we were interested in
finding a microscopic level model giving rise tagtmrmal distribution. We show that it
can be achieved by means of word-of-mouth spreagnogesses, closely related to
epidemic processes. Finally we analyze the rolg/golaby homophily, that is, the
tendency to interact with individuals sharing atiites, in the time evolution of group
affiliation, and found a large correlation betweabe network of members’ contacts and
the overlap in group affiliation. In collaboratiavith an external partner (University of
Southampton), we devised and implemented a gemeodel of collaborative content
production with the goal of exploring a range ofpbtheses on group-joining/group-
leaving behaviour, validating them with empiricakults discussed in the literature and
with our own results obtained from the analysi§latkr group dynamics.

Roth, C., Taraborelli, D., and Gilbert, N. (2008)ed&uring wiki viability. An empirical
assessment of the social dynamics of a large saofpleikis. In WikiSym ’08:
Proceedings of the 4th International Symposium akisNNew York, NY, USA,
September 2008), ACMttp://nitens.org/docs/wikidyn.pdf

Roth, C., Taraborelli, D., and Gilbert, N. (2008ographie des communautés en ligne: Le cas
des wikis. Réseaux 26, 152 (2008), 205-240.
http://dx.doi.org/10.3166/Reseaux.152.205-240

Taraborelli, D., Roth, C., and Gilbert, N. (2008easuring wiki viability (Il). Towards a
standard framework for tracking content-based eniammunities. Tech. rep., 2008.
http://wikitracer.com/refs/wikitrack.pdf

Baldassarri, A., Barrat, A., Cappocci, A., Halpid,, Lehner, U., Ramasco, J., Robu, V.,
Taraborelli, D. (2008) The Berners-Lee HypotheBiswer laws and Group Structure
in Flickr. Proc. of Dagstuhl Seminar, November 2008,
http://drops.dagstuhl.de/opus/volltexte/2008/1788(8391.SWM.Paper.1789.pdf

Taraborelli, D., Roth, C. (2010) Circles and tig3n the drivers of group dynamics in
collaborative media sharinglinpublished Msin preparation.

Taraborelli, D., Roth, C. (201®jiability of collaborative Web communities: Two easudiesG.
Deffuant N. Gilbert (Eds.), Pattern Resilience,isger, 2010. (forthcoming)

Social dilemma (CNRS)

In this case study, we propose to explore the poisgito apply viability theory to this social
dilemma and emergence of cooperation dynamics.m#iea idea is that there are several ways
for an institution to act on the strength of a abdilemma (tax, subsidies, etc) but this action is
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often costly. Thus the different measures thatnatitution can undertake can thus be viewed as
control parameters that help the institution to nten the social system within its domain of
normal functioning. Since these measures are ¢dh#yinstitution faces a viability problem with
resilience episodes: how to maintain the sociatesys in a given domain and what are the
optimal control to apply to restore the system wihégaves this domain. In a previous case study
(Chavalarias 2006), we focused on a model of sdldieinma on a network based on a sequential
prisoner's dilemma game.

In the first phase of PATRES, we began to studg thiodel in the viability framework, in
collaboration with the Cemagref (Chavalarias & GH&008). In the first setting, we considered
only as state variable the strength of the sodiaimina, the proportion of altruists, and the
proportion of reciprocators. The control was ddfirees a modification of the strength of the
social dilemma, chosen between a minimum and amaxi We found that below a critical
value of this maximum, the viability kernel is neéstied to a very tiny strip of the state space.
Above the critical value, the viability kernel idaage part of the desired set (more than 80%).

In the second phase of the project, we includecttis¢ of the action in the model. To do this, we
considered that the institution has a budget fig thpe of action at each time step, and we
compute the cumulated remaining budget. We fix astraint that this cumulated remaining
budget cannot be below a threshold value. This ¢tetepthe desired set, and we could study the
resilience of the system in this setting.

Pattern dynamics in scientific literature (CNRS)

In this case study, more the 18 Million referencésbiomedical literature, taken from the
database MedLine, were analysed. The aim was tdifigelifferent modes of science evolution
and the viability constraints of different scieittifields. Methods of co-word and co-occurrence
analysis were used to identify scientific fieldsdameir evolution in the course of time. The
questions then are how scientific fields emergeey differentiate, and die. To quantify the
proximity between scientific fields, a new proxignimeasure was developed (Chavalarias &
Cointet 2008), as well as a new measure of theistemsgy of scientific fields (Cointet &
Chavalerias 2008). As a new tool for analyzingibibletric datasets, the algorithm FieldBuilder
was developed, that implements the new proximity eonsistency measure. These approaches
also allow to construct “phylogenies” of scientifields, i.e. a field can give birth to one or more
new branches, or children. A first application,eg&sh related to bias in biomedical research was
analyzed (Chavalerias & loannidis, in press).

Chavalarias D. & Cointet J-P. (2008) Bottom-upentific field detection for dynamical and
hierarchical science mapping - methodology and shasey Scientometrics/ol. 75
No. 1, (DOI): 10.1007/s11192-007-1825-6.

Cointet J-P., Chavalarias D. (2008) Multi-level Swe mapping with asymmetric co-occurrence
analysis: Methodology and case stublgtworks and Heterogeneous Medifbol 3
Number 2, june 2008, p267-276

Chavalarias & loannidis (in press) Science mappamalysis characterizes 235 biases in
biomedical research

Chavalarias & Cointet (submitted) The ReconstructbScience Phylogeny
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Deviations from the workprogramme

The main deviations from the workprogramme aretedl@o the case studies for which the whole
approach including pattern dynamics and viability resilience computation couldn't be
completed in the time frame of the project (web&n@ scientific patterns). For both of them, the
reason is that the dynamic modeling of these systeas not as mature as for the others. Hence a
longer period of time had to be devoted to this eliog work.

Deliverables List

Del. Deliverable name WP Date due Actual/ Lead
no. no. Forecast contract.
date
D11 A report on the different versions of the misder | 1 31/01/2010 31/01/2010 UFZ

each case study, and the results of pattern
resilience computation

D1.2 Computer programs of the models, pattern 1 31/01/2010 31/01/2010 UFZ
dynamics and resilience

Milestones and expected result

Milest. Milestone name WP Date due Actual/ Lead
no. no. Forecast contract.
date
M1.1 Result of the test of the pilot tools and noeition | 1 01/02/2008 30/06/2008( UFZ
the simplified dynamics except web
M1.1 Refined set of core models 1 01/08/2008 02023 UFZ

Workpackage 2: Pattern dynamics

Objectives

In this second part of the project, the objectif/éhe workpackage was:

* Improve progressively the methods and tools, takmg account their performance on
the refined models of the case studies.

Progress toward objectives

In this development phase, we firstly refined thetiods identified in the pilot phase for computing
synthetic dynamics from individual based model8 gtirections:

* From microscopic to macroscopic dynamics for systevith two symmetric absorbing
states (Vasquez et al. 2009). The dynamics of algased models with two symmetric
absorbing states (configurations from which théesyscannot escape) is very relevant to
the so-called voter models, in which the state phdicle in a site evolves according to
the density of states in its near neighborhood.s Tiype of dynamics has many
applications in different disciplines such as opimiformation, language spreading,
genetics, and chemical kinetics. We have proposeereeral approach to study these
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systems, so that starting from the micro-dynamieshave derived a stochastic equation
for the time evolution of the particle-density @idhat successfully explains many of their
macroscopic properties. In particular, we show ttiet macroscopic behaviour only

depends on the first derivatives of the microscinsition rates.

» Competitive interactions (Hernandez-Garcia et @0 Poglietti et al. 2010). In a set of
papers we have studied the macroscopic propertiestities competing for a common
finite set of resources. A simple model can bew#erifor the dynamics of the populations
in competition where the crucial information is kdp the competitive interaction
function. The form of this competition function danines the equilibrium distribution of
entities: clustered, homogenously distributed andith exclusion zones.

e Master equation description of noisy dynamics (Bamest al. 2009). We study the
Deffuant et al. model for continuous--opinion dynesnunder the influence of noise. In
the original version of this model, individuals rh&e random pairwise encounters after
which they compromise or not depending of a comioge parameter. Free will is
introduced in the form of noisy perturbations: wnduals are given the opportunity to
change their opinion, with a given probability,acdandomly selected opinion inside the
whole opinion space. We derive the master equatfothis process. One of the main
effects of noise is to induce an order-disordenditgon. In the disordered state the
opinion distribution tends to be uniform, while fie ordered state a set of well defined
opinion clusters are formed, although with somenigp spread inside them. Using a
linear stability analysis we can derive approximeteditions for the transition between
opinion clusters and the disordered state. Theenasfuation analysis is compared with
direct Monte-Carlo simulations. We find that thestes equation and the Monte-Carlo
simulations do not always agree due to finite-gmkiced fluctuations that we analyze in
some detail.

Secondly, Cemagref improved the software tool Sipiérer. This tool aims at facilitating
programming and executing experimental designsimulations. The software is particularly
relevant when testing a complex model to identify rielevant patterns of behaviour when
parameters of initial conditions are modified. Tdeveloped version of the model (which is also
financed by another project), includes a clienveeimformation system for exchanging methods
and results, but also for ensuring the traceabdftyhe experiments. The main R packages for
experimental designs, and data treatments areablaifrom the software, together with an
evolving library system. Moreover, the software ydes facilities to use cluster and grid
computing. In this development phase, we improved:

- the user interface for editing the experimentalgles
- the integration of the information system,
- the facilities for launching experiments on clustend computer grids.

The development phase of the project is well undgrwith application of these methods to
different case studies:

» Language competition: We applied the techniquageoivation of macroscopic equations for
the IBM of language competition as mentioned in WP1
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e Bacteria dynamics: In this development phase weliegppthe moment approximation
approach to get synthetic representations of tldiadplynamics using correlation function.
Moreover, we used SimExplorer to explore the IBM émrelate the patterns to the values of
the parameters.

e Savanna case study: In the refinement work to edlla¢ abstract model from the Jeltsch
savanna model, it appeared finally that the seaondhent terms of the equations modify
significantly the dynamics. Moreover, we used Siplgrer to find different patterns in the
Jeltsch model, patterns used then to simplify §readhics.

Vazquez, Federico; Lopez, Cristobal, Systems with ymmetric absorbing states: relating the
microscopic dynamics with the macroscopic behaviPhysical Review E, 78, 061127
(1-5) (2008)

Hernandez-Garcia, Emilio; Lopez, Cristobal; PigbloSimone; Andersen, Ken H. Species
competition: coexistence, exclusion and clusteriRgilosophical Transactions of the
Royal Society A, 367, 3183-3195 (2009)

Pigolotti, Simone; Lopez, Cristobal; Hernandez-GarEmilio; Andersen, Ken H. How Gaussian
competition leads to lumpy or uniform species dsiions. Theoretical Ecology, in
press, (2010)

M. Pineda, R. Toral and E. Hernandez-Gaid@sy continuous-opinion dynamicsJournal of
Statistical Mechanics: Theory and Experiment, PQ8QD-18) (2009)

Deviations from the workprogramme
None.

Deliverables List

Del. Deliverable name WP Date due Actual/ Lead
no. no. Forecast contract.
date
D2.1 Software prototype of SimExplorer, including | 2 31/01/2010 31/01/2010| Cemagré¢f

facilities for model simulation experimental
designs, and pattern detection

D2.2 Report on methods and tools to detect anaheefi| 2 31/01/2010 | 31/01/2010| IFISC
pattern dynamics

Milestones List

Milest. Milestone name WP Date due Actual/ Lead
no. no. Forecast contract.
date
M2.1 Pilot set of methods 2 01/08/2007 30/06/2007 FISC
M2.1 SimExplorer pilot version 2 01/08/20071 01/a88 | Cemagref
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Workpackage 3: Resilience and Viability

Objectives

In the development phase, the objectives were:

1. To specify and implement an improved version of tiethods and tools, building on the
results of the pilot tests on the case studies,

2. Improve progressively the methods and tools, takimg account their performance on the
refined models of the case studies.

Progress toward objectives
The development phase reached its objectives.

Definition of resilience

The improved definition of the resilience proposedhe pilot phase has been presented in the
actions of dissemination of the project. The feadkbfrom these presentations helped us to
improve again the formulation of the definition. Mover, we used an example of savanna
model from the literature on which the more staddaathematical definition of resilience was
applied in order to show the main differences vathr view. We believe that this clarified the
presentation, and we adopted it in the correspgngaper of the book.

KAVIAR

Cemagref issued a new version of the softwareftmatomputing viability kernels and resilience
indices. The software also computes viable orieggilaction policies. The main improvement of
the software developed during the period are:

- We improved the procedure to include a new modseltime software, it is now easier.

- We included several possibilities for computing thgimal action at each time steps
(conjugate gradient, Newton method, exhaustivechgar

- We included a new method for computing the pararsaigthe SVM, in order to avoid
possible trouble due to the geometry of the problem

Moreover, we already began the development phadevarked on some improvements of the
method.

Robustness of control

We investigated some methods to define the robsstokthe viable control. The main idea is to
keep the system far from the boundaries of theiltiatkernel. This led us to develop efficient

methods for computing the distance from any pointhe kernel to this boundary. Then, we
developed methods for choosing the actions thaimis& this distance. This work is the subject
of a paper of the book.

Deviations from the workprogramme
None.
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Deliverables List

Del. Deliverable name WP Date due Actual/ Lead
no. no. Forecast contract.
date
D3.1 Final version of the prototype software tam f 31/01/2010 31/01/2010| Cemagré¢f
computing pattern resilient action policies on
complex systems
D3.2 Report on the methods for computing pattern 31/01/2010 | 31/01/2010f CNRS
resilient action policies
Milestones List
Milest. Milestone name WP Date due Actual/ Lead
no. no. Forecast contract.
date
M3.1 Pilot version of the prototype software for 01/08/2007 | 31/01/2008| Cemagref
computing pattern resilient action policies
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Section 3 — Consortium management

Consortium management tasks and achievements

The main body dealing with the project managemethé management committee which meets
at each plenary project meeting. During the repgrperiod, the management committee held
two meetings. No particular consortium managemaeauttlpm occurred during the period.

Contractors

We had no major change of contractor respons#sliti he contributions of contractors globally
correspond to their commitments.

Project timetable and status
The consortium held two plenary meetings, two nmgstiinvolving 2 contractors for more
specific collaborations, and two meetings for disisation purposes (workshop and course).

The time table is globally respected, except foe case studies where we did not manage to
complete de development phase, for different rea¢see deviations from the work programme).

Nevertheless, the major main objectives of thequtagre achieved:

- We have developed two functional prototypes ofvgaife tools: one for exploring models
and detecting dynamical patterns, the other forpdmg viability kernels and resilience
indices. These software prototypes are downloadadne the internet.

- We have tested these methods on 5 case studidsidehe production of published new
knowledge in 4 of them.

- We developed new methods for computing viabilitg aesilience indices, and applied
methods of physics (particularly moment approximatito assess pattern dynamics,
leading also to specific publications.

- We carried out dissemination actions towards cffieaudience:
o satellite workshop of the European Conference amiilex Systems,
o tutorial workshop organised for PhD students asdaechers,

o Hand-book based on the work of the project, to bbelished soon by Springer
Verlag.
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Project barchart and status.

Acronym: PATRES
Contract n°: 043268

02/07-07/07

08/07-01/0

3

02/08-07/(

8 08/08-01

09 /09D7/09

08/09-01/10

WP1: Case studies

Bacteria test pilot tools

Bacteria pilot dynamics

Bacteria refinement

Bacteria test refined tools

Savanna pilot dynamics

Savanna test pilot tools

Savanna refinement

Savanna test refined tools

Languages pilot dynamics

Languages test pilot tools

Languages refinement

Languages test refined tools

Web 2.0 pilot dynamics

Web 2.0 test pilot tools

Web 2.0 refinement

Web 2.0 test refined tools

Social pilot dynamics

Social test pilot tools

Social refinement

Social test refined tools

WP2: Pattern dynamics

KL & Other pilot methods

KL & Other developt

KL & Other refinement

SimExplorer pilot

SimExplorer developt

SimExplorer refinement

WP3: Resilience

Resilience pilot methods

Resilience develpt

Resilience refinement

KAVIAR pilot

KAVIAR developt

KAVIAR refinement

WP4: Dissemination

Web site

Book

User meetings
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Section 4 — Other issues
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Annex — Plan for using and disseminating the knowtge

Exploitable knowledge and its Use

No economically exploitable knowledge was identifeg this stage.

Dissemination of knowledge

The following overview table lists all the actioasdissemination from the projects. It includes
mainly scientific conferences, seminar and pubibcest

During the project, we carried out the followingsmination of knowledge actions:

« We presented the project during a workshop in tlkeofean Conference on Complex
Systems in Warwick. It attracted some of the pgudicts of the conference, and we invited
American partners in a panel.

* We organised a more detailed tutorial on the ptajedladeira, which attracted 11 students.
The course alternated theoretical presentations practical exercises using the software
tools developed in the project.

Moreover, the main actions for dissemination of\klealge are:

* The project website has been running since the efathe project and is gradually
expanding to cover the results of our work. It utgs the main publications and the links
to the software sites.

* The websites with the software tools: SimExplored &KAVIAR, from where the
software and documentation are downloadable.

* The book, to be published in Springer, presentsrtathods and the results of the project
on the case studies (it one of the deliverables).
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Planned/ac ¢ Size of Partner
tual Type Name ;J):jpi)eenoce Countries | audien | responsible
Dates addressed ce finvolved
10.09.2008| conference| ACM WikiSym 2008 academic Int’l 100- UniS
(Porto, Portugal) 200
26.09.2008| seminar Dagstuhl Seminar “Sociatademic Int'l 50-70 Unis
Web Communities”
(Dagstuhl, Germany)
01.10.2008| seminar London Wiki corporate UK 50-70 | UniS
Wednesdays, British /1T
Computer Society
24.02.2009| seminar Nature Network London  academic UK 30-50 | UniS
/T
12.06.2009| seminar Centre for Human academic UK 15-20 UniS
Computer Interaction
Design, City University,
London
06.10.2009| workshop Mobile A2K, Rockefelleracademic Int’l 50-70 uniS
Foundation (Bellagio, / NGO
Italy)
28.01.2010| workshop QualityCommons, academic Int’l 50-60 uniS
Sorbonne University
(Paris)

August 18 | presentatio Discussion Panel. | Research| Internationg UlIB-

— 23,2008 | nin Workshop on Challenges IFISC/Maxi
scientific and Visions in the Social San Miguel
conference Sciences.

Zurich (Suitwerland)
August 18 | presentatio Group Formation. Research| Internationg UIB-
_23 2008 | " in Workshop Challenges IFISC/Maxi
' scientific and Visions in the Socia| San Miguel
conference Sciences.
Zurich (Suitwerland)

December | presentatio Broad lifetime Research| Internationg uUiIB-

10-12, nin distributions for ordering IFISC/Xavier

2008 scientific dynamics in complex Castello
conference networks.

BCNetWORKSHOP,
Barcelona (Spain)
December | presentatio From microscopic to | Research| Internationg uUiB-
1-5 2008 " in macroscopic dynamics in IFISC/Federico
' scientific systems with two Véazquez
conference| symmetric absorbing

states.
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Planned/ac T ¢ Size of Partner
ype o . ; i
tual Type Name aUdience| Countries | audien r(/ei?lr\)/(())Rselzle
Dates addressed ce
MEDYFINOLOS, Punta
del Este (Uruguay)

October 21, presentatio| The continuum PATRES Research| Internationg UIB-

2009 nin tutorial Workshop of IFISC/Crist6ba
scientific agent-based models (part | Lopez
conference| 1). PATRES tutorial,

Madeira (Portugal)

October 21, presentatio| The continuum PATRES Research| Internationg uUiB-

2009 nin tutorial Workshop of IFISC/Federico
scientific agent-based models (part Véazquez
conference 1).PATRES tutorial,

Madeira (Portugal)

November | presentatio| Dynamics of language | Research| Internationg UIB-

23 -27, nin competition.150 years IFISC/Maxi

2009 scientific after Darwin, Palma de San Miguel
conference Mallorca (Spain)

August 24, | presentatio| Dynamics of language | Research| Internationd UIB-

2009 nin competition: bilingualism IFISC/Xavier
scientific and social structure Castelld
conference effects.

Economic sociology
working group, MIT
(USA)

September | presentatio| Local effects of global | Research| Internationg uUiB-
nin languages: evidence from IFISC/Lucia

9-12, L - 1
scientific language modelling. Loureiro

2009 conference| SLE, Lisbon (Portugal)
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Planned/ac Size of Partner
tual Type Name ;J):jpi):nocfe Countries | audien | responsible
Dates addressed ce finvolved
September | presentatio| The savanna problem | Research| Internationg uUIB-
10-12, nin from a statistical physics IFISC/Federico
2009 scientific point of view. Véazquez
conference FISES2009, Huelva
(Spain)
September | presentatio| Viability and resilience in Research| Internationg UiB-
21 - 25, nin the dynamics of language IFISC/Xavier
2009 scientific competition. Castelld
conference | ECCS '09, Warwick (UK
September | presentatio The macroscopic Research| Internationg UiB-
21 - 25, nin description of agent- IFISC/Federico
2009 scientific based model€CCS '09, Vazquez
conference Warwick (UK)
May 27 — | presentatio | Model of group formation Research| Internationg uUiB-
nin for Flickr online IFISC/Przemys
30, 2009 . - s
scientific community. law Grabowicz
conference| COST action MP0801,
Rome (ltaly)
September | presentatio From microscopic to | Research| Internationg UiB-
10— 12 nin macroscopic dynamics in IFISC/Federico
’ scientific systems with two Véazquez
2009 conference symmetric absorbing
statesFISES2009,
Huelva (Spain)
September | presentatio| Savanna-Fire Model: | Research| Internationg uUiB-
nin Combined effects of tree- IFISC/Flora S.
10-12, s -
scientific tree establishment Bacelar
2009 conference| competition and spatially
explicit fire on the spatia
pattern of trees in
savannas.
FISES2009, Huelva
(Spain)
November | presentatio Mesoscale structure | Research| Internationd uUiB-
nin effects in language IFISC/Xavier
23, 2009 s = . X
scientific competition: topological Castell6
conference| traps and broad lifetime|
distributions.
150 Years After Darwin,
Palma de Mallorca
(Spain)
November | presentatio Bilingualism, language | Research| Internationg uUiB-
nin death and language birth IFISC/Lucia
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Planned/ac T ¢ Size of Partner
tual ype o : - responsible
Type Name audience| Countries | audien /inr\)/olved
Dates addressed ce
23, 2009 scientific in language contact Loureiro
conference situations150 Years
After Darwin, Palma de
Mallorca (Spain)
17/11/08 Seminar University of Potsdamp  Research  m@ey 30 UFZ
23/03/09 Campus CEMAGREF Research France 80 UFZ
Talk
24/04/09 Workshop | Editorial Board meeting| Research Europe 50 UFZ
Talk of GAIA
24/09/09 Conference European Conference onResearch| Internationgl 120 UFzZ
Talk Complex Systems
24/09/09 Conference European Conference onResearch| Internationgl 120 UFzZ
Talk Complex Systems
21/10/09 Tutorial PATRES Tutorial Research| International 30 UFZ
Workshop Workshop
21/10/09 Tutorial PATRES Tutorial Research| International 30 UFZ
Workshop Workshop
22/10/2008| Workshop Mathematical modelingResearch France 30 Cemagref
for microbial ecology.
INRA, La Grande-Motte
6/07/2009 | Workshop Introductory lectures arResearch Europe 50 Cemagref
Aspects of Complexity
8/10/2009 | Workshop IXXI seminar Research France 30 | Cemagref
23/08/2009| Conference ICCGI 2009 Research  Intemmaltii 200 Cemagref
24/09/09 Conference European Conference onResearch| Internationgl 120 Cemagref
Talk Complex Systems
21/10/09 Tutorial PATRES Tutorial Research| International 30 Cemagref
Workshop Workshop

Publishable results

The consortium has no economically exploitableltasipublish.
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