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Preface

This book of invited, edited chapters arose from the six month programme Complex
Networks across the Natural and Technological Sciences, held in 2009 at the
Institute for Advanced Studies, Glasgow.

The motivation for the program was the emergence of a new interdisciplinary
activity, sometimes called Network Science, that focuses on the patterns of interac-
tions that arise between individual components of natural and engineered systems.
The programme had several key objectives:

e To identify commonality across very different areas of application;

e To advance one area by injecting ideas and techniques from another;

e To allow practitioners (those who collect and use data) to pose challenges to the-
oreticians (those who develop concepts and derive analytical and computational
tools);

e To allow theoreticians to bring practitioners up to speed on the state of the art.

The programme included three one-week workshops, featuring invited presenta-
tions by internationally-renowned researchers.

Workshop 1: Static Networks, organised by Ernesto Estrada and Des Higham, fo-
cused on the classic network science of fixed connectivity structures: empirical
studies, mathematical models and computational algorithms.

Workshop 2: Dynamic Properties of Complex Networks, organised by Maria Fox,
looked at (a) the study of time-dependent processes that take place over networks
and modern topics such as synchronisation, and message passing algorithms, and
(b) the study of time-evolving networks such as the World Wide Web and shifts in
topological properties (connectivity, spectrum, percolation).

Workshop 3:  Applications of Complex Networks, organised by Gian-Luca Oppo,
emphasised the physical and engineering sciences, and looked ahead to new devel-
opments in the field.

In addition to these three international workshops, the six month programme
featured tutorials, public lectures and an outreach event for children at the Glasgow
Science Centre.
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Having organised the programme and witnessed the remarkably wide applica-
bility of the research themes, we feel that the time is ripe for an interdisciplinary,
cross-cutting view of the state-of-the-art in network science. We therefore invited
a cross-section of the participants to contribute to this book, encouraging them to
review recent developments in a specific area of relevance to complex networks, dis-
cuss challenging open problems and, where possible, indicate how the field is likely
to develop over the next few years. We were delighted with the uniformly enthusi-
astic response from these authors, and we were equally pleased that the publisher
Springer shared our vision. These chapters, which have been brought together with
a unified index, appear in an order that reflects the sequence of topics considered in
the three workshops.

It is our hope that this resulting book will appeal to a wide range of scientists and
stimulate new lines of research.
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Strathclyde, Glasgow Ernesto Estrada
Maria Fox

Desmond J. Higham

Gian-Luca Oppo



Contents

1  Complex Networks: An Invitation . . . . . . ... ... ...... .. 1
Ernesto Estrada, Maria Fox, Desmond J. Higham, and Gian-Luca Oppo

2 Resistance Distance, Information Centrality, Node Vulnerability
and Vibrations in Complex Networks . . . . . . ... .. ... ... .. 13
Ernesto Estrada and Naomichi Hatano

3 From Topology to Phenotype in Protein—Protein Interaction Networks 31
NataSa Przulj

4  Networks and Models with Heterogeneous Population Structure
in Epidemiology . . . . . . ... ... .. ... L 51
R.R. Kao

5 NESSIE: Network Example Source Supporting Innovative
Experimentation . . ... ... ... ..., ............. 85
Alan Taylor and Desmond J. Higham

6  Networks in Urban Design. Six Years of Research in Multiple
Centrality Assessment . . . . . . . .. ... ... ... 107
Sergio Porta, Vito Latora, and Emanuele Strano

7  The Structure of Financial Networks . . . . . . ... ... ...... 131
Stefano Battiston, James B. Glattfelder, Diego Garlaschelli, Fabrizio
Lillo, and Guido Caldarelli

8 A Hierarchy of Networks Spanning from Individual Organisms
to Ecological Landscapes . . . . . . .. ... .............. 165
Ferenc Jordan, Gabriella Baranyi, and Federica Ciocchetta

vii



viii

10

11

Contents

Revealing Structure of Complex Biological Systems Using Bayesian
Networks . . . . . . . . . . 185
V. Anne Smith

Dynamics and Statistics of Extreme Events . . . . . . ... ... .. 205
Holger Kantz
Dynamics of Networks of Leaky-Integrate-and-Fire Neurons . . . . 217

Antonio Politi and Stefano Luccioli



Contributors

Gabriella Baranyi Institute of Environmental Studies, E6tvos University,
Budapest, Hungary.

Gabriella Baranyi is an environmental scientist with research interests in
conservation biology and habitat planning, aided by habitat network analysis.

Stefano Battiston Systemgestaltung, ETH-Zentrum, Zurich, Switzerland,
sbattiston @ethz.ch.

Stefano Battiston has a background in physics and neuroscience and has research
interests in the modelling and empirical study of economic and social networks.

Guido Caldarelli Centre SMC, and ISC CNR, Dip. Fisica, University “Sapienza”,
Piazzale Aldo Moro 5, Rome, Italy, Guido.Caldarelli@romal.infn.it.

Guido Caldarelli has interests in fractal growth, self-organised criticality and the
analysis of scale-free networks.

Federica Ciocchetta Centre for Computational and Systems Biology, The
Microsoft Research—University of Trento, Povo-Trento, Italy, ciocchetta@cosbi.eu.
Federica Ciocchetta has a background in biomathematics and
information/communication technology, and has research interests in modelling
and analysis of biological systems, process calculi and state-space reduction
techniques.

Ernesto Estrada Department of Mathematics and Statistics, University of
Strathclyde, Glasgow, UK; Department of Physics, University of Strathclyde,
Glasgow, UK, ernesto.estrada@strath.ac.uk.

Ernesto Estrada has research interests in spectral graph theory, complex networks
and their applications in chemistry, biology and many other areas in the physical,
social and technological sciences.

Maria Fox Department of Computer and Information Sciences, University of
Strathclyde, Glasgow, UK, maria.fox @cis.strath.ac.uk.

Maria Fox has research interests in automated planning, scheduling and constraint
satisfaction and their application in solving combinatorial search and optimisation
problems.

ix



X Contributors

Diego Garlaschelli Said Business School, University of Oxford, Oxford, UK.
Diego Garlaschelli has research interests in complex networks and statistical
mechanics, with applications to biological and socio-economic systems.

James B. Glattfelder Systemgestaltung, ETH-Zentrum, Zurich, Switzerland,
jelattfelder @ethz.ch.

James Glattfelder develops ideas from complexity science and agent-based
modelling to study large databases of international companies and ownership
networks.

Naomichi Hatano Institute of Industrial Science, University of Tokyo, Tokyo
153-8505, Japan, hatano @iis.u-tokyo.ac.jp.

Naomichi Hatano develops and analyses models from the perspective of statistical
and mathematical physics, to capture the essence of complicated physical
phenomena.

Desmond J. Higham Department of Mathematics and Statistics, University of
Strathclyde, Glasgow, UK, d.j.higham @strath.ac.uk.

Des Higham is an applied/computational mathematician with interests in matrix
computations, stochastic modelling and simulation, and applications in biology and
neuroscience.

Ferenc Jordan Centre for Computational and Systems Biology, The Microsoft

Research-University of Trento, Povo-Trento, Italy, jordan @cosbi.eu.

Ferenc Jordén is a researcher at CoSBi with MSc in biology and PhD in genetics
who has research interests that span across all organisational levels of biological
networks, ranging from molecular to landscape graphs.

Holger Kantz Max Planck Institute for the Physics of Complex Systems,
Dresden, Germany, kantz@pks.mpg.de.

Holger Kantz has research interests that are centred around understanding,
modelling, and predicting the complex temporal evolution of real world systems.

Rowland R. Kao Faculty of Veterinary Medicine, University of Glasgow,
Glasgow, UK, r.kao@vet.gla.ac.uk.

Rowland Kao has research interests that include modelling and parameter
estimation for the transmission of livestock diseases using network analysis,
differential equations, statistics and computer simulations, principally funded
through a Wellcome Trust Senior Research Fellowship.

Vito Latora Dipartimento di Fisica ed Astronomia, Universitd di Catania and
INFN Sezione di Catania, Catania, Italy, latora@ct.infn.it.

Vito Latora uses his background in theoretical physics and nonlinear dynamics to
look into biological problems, to model social systems, and to find new solutions
for the design of technological networks.

Fabrizio Lillo Dipartimento di Fisica e Tecnologie Relative, Universita di
Palermo, Palermo, Italy, lillo@unipa.it; Santa Fe Institute, Santa Fe, USA.
Fabrizio Lillo has research interests that focus on the application of methods and
tools of statistical physics to economic, financial, and biological systems.



Contributors xi

Stefano Luccioli Consiglio Nazionale delle Ricerche, Istituto dei Sistemi
Complessi, 50019 Sesto Fiorentino, Italy; Centro Studi Dinamiche Complesse,
Sesto Fiorentino, Italy.

Stefano Luccioli has a background in nonlinear dynamics and statistical mechanics
with interests in modelling and simulating biological systems (proteins and neural
networks).

Gian-Luca Oppo Department of Physics, University of Strathclyde, Glasgow,
UK, gianluca@phys.strath.ac.uk.

Gian-Luca Oppo, who is director of the Institute of Complex Systems at
Strathclyde, has research interests that include complexity and spatial structures in
nonlinear optics, and nonlinear dynamics of laser devices

Antonio Politi Consiglio Nazionale delle Ricerche, Istituto dei Sistemi
Complessi, 50019 Sesto Fiorentino, Italy; Centro Studi Dinamiche Complesse,
Sesto Fiorentino, Italy, antonio.politi @isc.cnr.it.

Antonio Politi is a physicist who works on the dynamics of neural networks, heat
conductivity in low-dimensional systems and chaotic behaviour in systems with
many degrees of freedom.

Sergio Porta Urban Design Studies Unit, Department of Architecture, University
of Strathclyde, Glasgow, UK, sergio.porta@strath.ac.uk.

Sergio Porta has research interests that span from urban morphology, adaptive
space and spatial analysis to public space design, urban design and traffic
management.

Natasa Przulj Department of Computing, Imperial College London, London, UK,
natasha@imperial.ac.uk.

NataSa Przulj is a computer scientist with research interests in applications of
graph theory, mathematical modelling, and computational techniques to solving
large-scale problems in computational and systems biology, especially planar cell
polarity, proteomics, cancer informatics, and chemo-informatics.

V. Anne Smith School of Biology, University of St Andrews, St Andrews, Fife
KY16 9TH, UK, anne.smith@st-andrews.ac.uk.

V. Anne Smith uses computational methods to analyse complex biological
networks, and evaluates the computational methods with both computer simulation
and biological intervention.

Emanuele Strano Urban Design Studies Unit, Department of Architecture,
University of Strathclyde, Glasgow, UK, emanuele.strano @ gmail.com.
Emanuele Strano has research interests that include urban studies, informal
settlements, land titling, urban morphology, complex system theory applied to
urban studies, urban sociology.

Alan Taylor Department of Mathematics and Statistics, University of Strathclyde,
Glasgow, UK, a.taylor@strath.ac.uk.

Alan Taylor has a background in mathematics and computer science, and his
research interests lie in computational algorithms for network science.



	Preface
	Contents
	Contributors


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


