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Introduction 
Sparse networks describing complex interactions occur across a variety of scientific disciplines and the study of such 
networks is computationally challenging. A number of measures have been proposed to capture properties of networks 
which may be of potential interest, for example the degree distribution, the maximal pathlength and the clustering 
coefficient. Recently Estrada and Rodríguez-Velázquez proposed a measure of network bipartivity [1], which indicates 
how readily a network may be split up into several subgroups with edges connecting vertices from different subgroups. 
An interesting problem in undirected networks is that of classifying vertices into “lock” and “key” groups which 
conform to this notion of bipartite connectivity [2,4]. We can think of vertices being connected as a result of some 
shared “physical” characteristic; if a particular vertex has a “red key”, it will be connected to all vertices which have the 
corresponding “red lock”. The aim is to reconstruct the distribution of locks and keys from the network's adjacency 
matrix, effectively discovering bipartite subgraphs. These substructures are relevant for protein-protein interaction 
networks where links can be explained by complementary binding domains. Our aim here is to extend this idea to 
directed networks; if a network is known to have directed bipartite subgraphs, can we find them quickly and cheaply? 
Our target application is directed gene-gene networks, where links are inferred through microarray expression level 
correlation across samples. 
 
Results 
Using some simple modelling assumptions we derive an algorithm based on the singular value decomposition (SVD) to 
identify directed bipartite subgraphs and then outline the implementation of such an algorithm in MATLAB. We first 
consider synthetic test cases where the underlying bipartite structure is known and show that we can recover these 
groups. To generate test cases we  make use of CONTEST [3], a controllable test matrix toolbox for MATLAB which 
enables the creation of “lock and key” networks. We illustrate with a simple example: by assigning two types of locks 
and keys to a group of vertices and then generating the resulting unsymmetric adjacency matrix, we show that the SVD 
can be used to recover exactly the original distribution of locks and keys. We then consider the effect of complicating 
the network by introducing “noise” (edges that conflict with the idea of completely bipartite groups) and by allowing 
each vertex to host an arbitrary number of locks and keys. We find that the algorithm is tolerant to significant noise 
levels. This property is typical for spectral algorithms [2] and can be attributed to variational properties of the SVD. 
Finally we apply the new algorithm to undirected networks generated from cancer microarray expression data. In the 
figure below we illustrate one such example from a biological data set. The original adjacency matrix (pictured top left) 
has been reordered according to the sorted indices of the second left and right singular vectors, u and v. Inspection of 
the reordered adjacency matrix suggests two possible clusters along the leading diagonal. Limiting our search to 
components of the singular vectors above given threshold values results in the submatrix shown on the right which 
clearly shows a directed relationship from nodes 1-4 to nodes 5-12. Investigation of the genes involved shows that this 
subgraph has biological significance. Varying the cut-off values on the left and right singular vectors results in different 
submatrices, as does investigation of further singular vector pairs, allowing further biological insights to be extracted. 
 



NetSci’08 - International Workshop and Conference on Network Science and Its Applications 
23-27 June 2008, Norwich Bioscience Institutes, UK 

 

 

 

 
Discussion 
We consider potential refinements of the algorithm and discuss potential applications in which discovering bipartite 
subgraphs would be beneficial. 
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Introduction  
Windus and Jensen [J. Phys. A: Math. Theor. 40  2287–2297] introduced a population model with 
diffusion and birth/death. Each node in a network is either occupied by a single individual or is 
empty. A node is chosen at random. If the node is occupied, the individual dies with probability pd, 
leaving the node empty. If the individual does not die, a nearest neighbor node is randomly chosen. 
If the neighboring node is empty the particle moves there; otherwise, the individual reproduces with 
probability pb producing a new individual on another randomly selected neighboring node, 
conditional on that node being empty. A time step is defined as the number of network nodes N. 
We study this simple reaction-diffusion population model on the scale-free (SF) networks to 
investigate the effect of their complex topological features on this dynamic process. We use the 
mean-field (MF) theory and focus on the three properties on the stationary state: steady population 
density, critical population density and critical death rate. The results are confirmed by computer 
simulations. 
 
Results 
In the fully random diffusion case, network topology can not change the value of the critical death 
rate. But more heterogeneous the network has, the smaller steady population density and critical 
population density it has.  

 
With the modified diffusion strategy in which the above population model is modified in the 
following: If the randomly chosen particle does not die, a nearest neighbor node j is randomly 
chosen with a probability proportional to kj

� , where kj is node j´s degree. If the neighboring node j 
is empty the particle moves there; otherwise, the particle reproduces with probability pb producing a 
new particle on another neighboring node l which is chosen by a probability proportional to kl

� , 
conditional on that node l being empty. Under some value of ��� , we can obtain larger critical death 
rate and steady population density, at the meanwhile, lower critical population density, which is 
good for the species survival.  
 
Discussion 
The network topology has strong effect on the population dynamics, furthermore the neighbor 
node´s degree can be employed as local information for diffusion, the new modified population 
model has nice property. 
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Introduction 
Newman successfully depends on assortativity to distinguish social networks from nonsocial ones but this method just 
rests on the static topology of a network [1]. We are very interested in whether there are other approaches to achieve the 
same goal, especially from those dynamic characteristics. We focus on tracking community evolution as a fundamental 
tool to explore dynamic characteristics of various networks. In our opinion, there are distinctions between community 
evolution of social networks where a community reflects a group of persons with close connection and that of nonsocial 
networks where a community is just a cluster of objects. 
 
The contributions of this paper are as follows:  (1) we firstly propose a novel algorithm CommTracker to track 
community evolution effectively. (2) On its basis, we perform two experiments that are representative in [2]: one is the 
correlation between community age and size; the other is between evolution trace span and member stability, each on 
11 datasets which include 6 social networks: 3 co-authorship networks in cond-mat, math and nonlinear fields, a call 
network, an email networks and a movie actor network as well as 5 nonsocial ones involving 3 software networks 
(tomcat 4, tomcat 5, ant), an Internet network, a vocabulary network. (3) Through the results from 11 datasets, we find 
there are apparent evolution distinctions between social networks and nonsocial ones and further propose two 
coefficients: GROWTH and METABOLISM, by which we are able to differentiate social networks and nonsocial ones. 
(4) Moreover, it is by dynamic characteristics that we can validate those existing social networks models. We propose a 
more reasonable social network model by revising the one in [3]. 
 
The algorithm of tracking community evolution 

The algorithm CommTracker is as follows: two communities tC , 1tC +  locate in two consecutive snapshots t  and 

1t + , and if at least one core node of tC  appears in 1tC +  and at least one core node of 1tC +  exists in one ancestor of 
tC , we can establish evolving relationship between tC  and 1tC + . 

 
Figure.1 Illustration of community evolution (red square points are core nodes)� In our experiments, we discover 
nearly 80% nodes appear in only one or two snapshot and that nodes with higher degree will appear more times. 

Experiment Results 
For Palla has performed two experiments only on co-authorship and call networks [2], Fig.[2] and Fig.[3] show their 
results in 12 datasets . We can see that in social networks, communities of larger size lead to longer life and if an 
evolution trace span is longer, its member stability is lower. Two phenomena are basically consistent with Palla’s 
conclusions. In contrast, as to random or nonsocial networks, their corresponding behaviors are either converse or not 
apparent.  
 
Discussion 
We calculate the correlation coefficients between community size and age (GROWTH) as well as between evolution 
trace span and member stability (METABOLISM) (See Table[1]). Apparently, in the 1st experiment, social networks’ 
values are positive while those of nonsocial ones are nearly all negative. In the 2nd experiment, the values of social 
networks are negative whereas those of nonsocial ones are all positive. Two experiments reveal that we can differentiate 
social networks from nonsocial ones according to GROWTH and METABOLISM. We revise a model in [3] by adding 
and removing nodes so that it can display two features that a social network should own. 
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Figure2. The correlation between community size (X axis) and community age (Y axis) 

 
Figure3. The correlation between evolution trace span (X axis) and member stability (Y axis) 

 
 1 2 3 4 5 6 7 8 9 10 11 12 
GROWTH 0.67 0.45 0.76 0.2 0.39 0.31 0.29 -0.07 -0.02 -0.09 -0.23 -0.01 
METABOLISM -0.76 -0.72 -0.62 -0.76 -0.67 -0.37 0.25 0.25 0.23 0.47 0.51 0.16 

Table 1. correlation coefficients of two experiments 
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[3] E. M. Jin, M. Girvan, M.E.J. Newman(2001). The structure of growing social networks.  Physical Review Letters, 
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Introduction  
The complex network structure has been found in many realistic systems[1].  Modularity of 
network (cluster), which has dense intra-connection inside and sparse interconnection between 
clusters, is used to explain the system function [2]. However, there usually are some overlapping 
structures between clusters which could be hardly partitioned to any single cluster. These 
overlapping clusters also play an important role in the dynamics on the complex modularity 
network [3]. In this paper, we mainly focus on synchronization on the overlapping structure.  With 
Kuramoto model, we implement different natural frequency to different cluster to check how the 
overlapping cluster synchronizes with these clusters. It is found that with different natural 
frequency, the synchronization pattern of overlapping cluster could be significantly different.  The 
result could shed some light on the understanding of how different biological functional motifs 
communicate. 
 
Results 
In this study, the Kuramoto model[4] is invoked to  study the  synchronization.  The node could 
only be directly influenced by the other connected nodes.  The network is composed of two giant 
clusters(ER) with different natural frequency distribution and an overlapping cluster.  The 
connection between two giant cluster and overlapping cluster is symmetric.  We will study the 
synchronization frequency of each cluster.  
 
When coupling is weak, with different mean natural frequency, synchronization pattern of 
overlapping cluster would significantly. If the mean natural frequency equals to the mean frequency 
of  the other two cluster, the  real frequency oscillates symmetrically between the two clusters.  
However, when the natural frequency is closer to that of cluster A, the real frequency is more 
attracted by cluster A. 
 
The Overlapping cluster could be regarded as coupled by mean frequency of the other two cluster.  
If the coupling is strong enough, the effect would be more significant.  So long as the cluster(node) 
is overlapping structure,  it would be frequency locked by mean field frequency.  The closer natural 
frequency is from the mean field frequency, the more locking time is.  
 
Discussion 
We studied the overlapping synchronization on the overlapping network structure.  It is shown that 
in weak coupling the mean frequency influence the synchronization pattern of overlapping cluster, 
while in strong coupling the influence is minimized and the frequency of overlapping cluster is 
always locked at the mean frequency of the two giant clusters. This finding could help to 
characterize the overlapping structure of complex network, since this kind of structure is ubiquitous 
and important in the corresponding real complex systems.   
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Introduction 
The study of the behaviour of complex networks  under damage is an important direction in the 
highly multidisciplinary area of network science. In this respect, the notion of k-core percolation has 
been assuming growing importance. An algorithm to find the k-core consists in removing 
recursively all the nodes having degree less than k. The remaining part of the network (if it exists) is 
the k-core. This representation stresses the structural properties related to the connectivity of the 
network. k-Core percolation has been recently applied to the study of network resilience under 
random damage (Dorogovtsev et al, 2006). 

Here we extend the work by Dorogovtsev et al to binary mixtures. We consider networks composed 
of two different types of nodes, defined by the parameters ka and kb. Each node has a given internal 
rule which prescribes the maximum number of edges that the node must be connected to in order to 
be extracted. The rule for bootstrap removal is: if a node of type a has less than ka edges, then it is 
removed; a similar rule holds for type b. 

 
Results 
Phase diagrams for different mixtures have been calculated both analytically and computationally 
for random networks, finding a rich variety of critical behaviours under random damage. Our work 
shows that universality classes already observed in the Bethe lattice (Branco, 1993) are also present 
in Erd� s-Rényi random networks. Moreover, we are able to categorize a number of critical 
phenomena (critical point, tricritical point, critical end point) that have never been previously 
observed in this field. This broadens our understanding of universality and constitutes the first step 
to a systematic approach to this area. 
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Introduction  
Modern water distribution networks are usually characterized by large numbers of components 
(reservoirs, pipes, pumps, valves), often of varying capacities and ages, built up over a period of 
time. The efficient operation of these networks to ensure consistent delivery of supply to the 
customer at the lowest cost requires a good understanding of the hydraulic performance as well as 
the interconnectivity between different areas of the network.  However, historically, the analysis of 
a water distribution network refers only to a hydraulic analysis involving the use of established 
equations such as the Darcy-Weisbach, and Colebrook-White equations. While a full hydraulic 
analysis is useful, it tends to require significant computing resources, especially for larger networks. 
Furthermore, it is usually best applied at the design phase when seeking a new efficient solution; 
however it has limited applications for understanding the optimum configuration for existing 
networks. 
 
The goal of this project is to focus on understanding the interconnectivity relationships in the water 
distribution network and the implications for network robustness and delivering a consistent and 
reliable supply to the consumer.  This goal will be achieved by first visualising the water 
distribution network using appropriately customized software, and subsequently by analysing the 
network in terms of network characteristics such as clustering coefficient, node degree distribution 
and path-length distribution. These characteristics will be correlated with historical network 
performance data to arrive at a description of the resilience of areas of the network to failure. This 
resiliency index will serve as a practical guide for comparing the performance of different areas of 
the network and thereby uncover network features which improve resiliency.  Ultimately, the 
resiliency index will be instructive in helping to guide capital investment as well as operational and 
emergency management decisions. 
 
Discussion 
The project is still in the early phases of development and there are no formal results to report on.  
However, a list of software requirements has been formulated and an open source software 
platform, Cytoscape, has been chosen as the foundation software for the development of VASTNet.  
Although developed specifically for the biological community to visualize molecular interaction 
networks, it offers a number of useful features, which can be applied to general networks, and 
which will speed the development process. JUNG, which is another open source graphing library, 
will be used to provide much of the network analysis functions. Early stage visualisation results are 
presented to show how the layout algorithms and ability to map visual features to network data can 
be applied to a sub-section of a water distribution network.  
 
Acknowledgement 
We acknowledge the funding provided by the UK Government under the Knowledge Transfer 
Partnership (KTP) programme. 



NetSci’08 - International Workshop and Conference on Network Science and Its Applications 
23-27 June 2008, Norwich Bioscience Institutes, UK 

 
URLNET: A GENERALIZED PYTHON CLASS LIBRARY FOR BUIL DING 

NETWORKS VIA WEB PAGE OUTLINK TRAVERSAL AND WEB 
SERVICE APIS 

 
Dale A. Hunscher, MSI 

Michigan Institute for Clinical and Health Research, Ann Arbor, Michigan, USA 
 
Social networks of all kinds are found on the World Wide Web. Facebook, MySpace, LinkedIn, 
Friendster, Orkut, CiteULike, Bibsonomy—all these and many more have become ubiquitous in 
global culture. In many cases, these sites provide Web Service application programming interfaces 
(APIs) that can be used to traverse relationships of affinity and attribution, affording insights into 
diverse social phenomena. In the absence of explicit APIs, the relations implied by the outlinks of 
Web pages often yield new knowledge when viewed through the lens of network theory. For 
example, a study of conversations within and between U.S. liberal and conservative political 
blogger communities deepened our understanding of the structure and dynamics of these 
communities. 
 
Generation of the raw data for Web-centric social network analysis has historically been done in 
isolation, through the use of ad hoc scripts and programs written by researchers with deep domain 
knowledge but little grounding in software engineering. 
This introduces risks affecting both the sensitivity and specificity of subsequent analyses. 
Sensitivity may be affected, e.g., by overlooking implicit linkages through the URL’s parameter list 
(e.g., http://foo.org?linkurl=http%3A%2F%2Fspam%2F). 
Specificity can be diminished by outlinks irrelevant to the research, such as links to download the 
Acrobat Reader or to the Web host’s site map. The isolated approach to the creation of Web data 
collection programs runs counter to software engineering best practices, which favor re-use and 
refinement of existing algorithms and code. UrlNet is an object-oriented Python class library aimed 
at providing powerful and deterministic methods to address the multiplicity of pitfalls on the road to 
uniformly high-quality network data. Originally created for the analysis of the findability of 
relevant information via search engine result set outlinks, the library has also been used to study 
blogger conversations using the Technorati API. Another recent use has been to study co-author and 
concept clusters in the U.S. National Library of Medicine’s PubMed repository via the Entrez 
PubMed eUtils APIs. UrlNet is easily extensible to handle any kind of Web API. Output formats 
currently include Pajek and GUESS, but others can easily be added. 
 
The initial alpha release of UrlNet was developed by a software engineer with over two decades of 
commercial product and enterprise systems development experience. It is an Open Source project, 
actively seeking end users and co-developers. 
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Introduction 

With applications in a wide range of fields such as epidemiology, neuroscience and information 
security, research into spreading in networks has been of great interest. Recent work studied how 
diseases spread globally through the airline network and how computer viruses spread through the 
Internet. However, until now, most studies have mostly focused on finding the critical nodes, most 
often network hubs, for spreading.  

In this work we show that, using different measures for critical edge detection, it is possible to 
determine a critical edges whose removal significantly limits or slows down the spreading process. 
This approach has a clear advantage in that a much smaller fraction of the network needs to be 
made inactive compared to traditional node inactivation. For example, considering the airline 
network, only a smaller set of flights would need to be cancelled instead of a whole airport. 

Methods 
Due to the various networks considered and our interest in epileptic seizure spreading, the ‘SI’ 
epidemic spreading model was used in this study. As predictors for critical edges we have 
considered the standard edge betweenness centrality and different combinations of node measures 
for the nodes that each edge links together (see Kaiser & Hilgetag, Biological Cybernetics, 2004) 
for the prediction of structural network damage); such measures were Jaccard similarity coefficient 
(also called matching index), eigenvector centrality, absolute difference and product of node 
degrees. The spreading simulation software, developed in Java, currently supports several different 
network file formats including MATLAB and the Network Workbench. 

Results 

The effectiveness of each prediction measure in finding critical edges in the spreading process is 
demonstrated by simulations ran on the complete and the top 500 world-wide air traffic network, 
the US airline network, the Internet at autonomous system level, the rhesus monkey cortical area as 
well as regional networks, and the cat cortical area network. A comparison between the 
computational runtime of detecting critical edges with each measure against its effectiveness in 
slowing down spreading is also shown. 
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Introduction 
Realistic models of networks have to take into account that removal of nodes often occurs during their growth. In fact, 
tolerance of scale-free networks to random errors and intentional attacks have been considered and discussed in the 
scientific literature from the very beginning (Albert et al. (2000), Cohen et al. (2000), Dorogovtsev &Mendes (2001)). 
However, even in the simplest case of uniformly random deletion of nodes, few analytical results are known (Bollobás & 
Riordan (2003), Chung & Lu (2004), Cooper et al. (2004), Sarshar & Roychowdhury (2004) and (2005), Qin et al. 
(2007), Saldaña (2007)). For instance, there exists the belief that this non-selective deletion of nodes is not enough to 
change the scale-free character of the degree distribution of a growing network under a linear preferential attachment 
(Dorogovtsev & Mendes (2001), Sarshar & Roychowdhury (2004)). There are two possible reasons for such a belief. 
First, several works have considered the particular case of a homogenous linear preferential attachment for which this 
belief becomes true (Sarshar & Roychowdhury (2004), Moore et al. (2006), Qin et al. (2007), Saldaña (2007)). 
Second, the use of an expression for the rate of change of a node degree which lacks the deletion term, in one of the few 
papers that considers a general linear preferential attachment (Dorogovtsev & Mendes (2001)). On the other hand, up to 
our knowledge, no results exist about the effect of random deletion of nodes on other features of the 
network topology such as the degree correlation. We study the degree distribution and the two-node degree correlations 
in growing networks generated via a general linear preferential attachment of new nodes together with a uniformly 
random deletion of nodes. This study has recently been published (Garcia-Domigo et al. (2008)). 
 
Results 
By using a continuum approach we show that, under some suitable combinations of parameters (deletion rate and node 
attractiveness) the degree distribution not only loses its scale-free character but it can even be supported on a small range 
of degrees. Moreover, we obtain new results on two-vertex degree correlations showing that, for degree distributions 
with finite variance, such correlations can change under a nonselective removal of nodes. All the results are obtained 
analytically and further corroborated by simulations. 
 
Discussion 
In growing networks with preferential attachment of nodes, a wealth of configurations arises from the simple assumption 
of a nonselective deletion of nodes. The tuning parameters to generate them are the additional node attractiveness and the 
deletion rate. Negative values of the node attractiveness enhance the scale-free character of the network, in the sense that 
no deletion rate is able to destroy this character. However, high enough values of the deletion rate give rise to degree 
distributions with finite variance. In the limiting case when the node attractiveness is zero the degree distribution also 
approximates to a power law but with a degree exponent bigger than 3 and, so, rendering networks with finite degree 
variance (Sarshar & Roychowdhury (2004), Moore et al. (2006)). By contrast, positive values of the node attractiveness 
weaken the effects of preferential attachment, and progressively leads to exponential networks. Finally, when the node 
attractiveness and/or the deletion rate are high enough, truncated exponential degree distributions with compact support 
arise. Another interesting result arising from the model analysis is the possibility of a change in the degree correlations 
under a nonselective removal of nodes. 
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Introduction  
 
In our previous works we examined the internode distances l ij in complex networks as a function of 
the product of nodes' degrees ki kj. In many commonly known models as Erdos-Renyi graphs or 
Barabasi-Albert evolving networks as well as in real-world examples (Internet autonomous 
systems, public transport, biological and co-authorship networks) that relation takes the form of a 
logarithmic law l ij=a-b log(kikj). 
 
In the current work we extend our previous results, providing evidence that the described relation 
can be a case of a more general law in which unweighted distances are substituted with weighted 
ones (dij) and degrees with nodes' strengths si sj.(strength is defined as sum of all weights on node’s 
links) 
 
Results 
 
We perform simulations (calculating weighted distances using Dijkstra algorithm) for several 
weight distributions on Erdos-Renyi and Barabasi-Albert networks. We also include real-world 
examples of Warsaw public transport system (weight connected to number of buses and trams 
running through the link) and fungal network (weight connected to length of the link divided by its 
area). 
 
Discussion 
 
The shape and character of the relation dij=a-b log(sisj) is strongly connected to the width of the 
weight distribution. However, depending on the definition of the weight one can observe either a 
logarithmic or power-law behavior. 
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Abstract 
If we consider a source vertex and a termination vertex, there may be several alternative paths 
between them. When one path fails, the two vertices can still communicate through other alternative 
paths. It is intuitive that the more alternative paths, the more robust the connectedness between the 
two vertices. This observation leads us to consider the redundancy of alternative paths as the root of 
the robustness of networks, which ensures that the connection between vertices still remains 
possible in spite of damage to the network.  
 
In this paper, we define the redundancy of alternative paths as the weighted number of closed walks 
of all lengths 
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=
= = � . We propose to call it natural connectivity or natural eigenvalue. The 

natural connectivity has a clear physical meaning and can be derived mathematically from the graph 
spectrum as an average eigenvalue. Rich information about the topology and dynamical processes 
can be extracted from the spectral analysis of the networks. The natural connectivity sets up a 
bridge between graph spectra and the robustness of complex networks. We show that the natural 
connectivity increases strictly monotonically with the addition of edges. We test the natural 
connectivity and compare it with other robustness measures within a scenario of edge elimination. 
We demonstrate that the natural connectivity has an acute discrimination which agrees with our 
intuition. 
 
We derive the natural connectivity of regular ring lattices and random graphs. We show that the 
natural connectivity of regular ring lattices is independent of network size and the natural 
connectivity of random graphs increases with edge density linearly given graph size. We compare 
the natural connectivity of random graphs with regular ring lattices and random regular graphs with 
the same number of vertices and edges. We show that regular ring lattices and random graphs are 
robustness than random regular graphs, but the relationship between random graphs and regular 
lattices depends on the edge density and graph size. We observe the critical edge density as a 
function of graph size, and the critical graph size as a function of edge density. We explore the 
critical behavior by random rewirings and random degree-preserve rewirings from regular ring 
lattices. We show that randomness increases the robustness of dense regular ring lattice, but 
decreases the robustness of sparse regular ring lattice. Our results will be of great theoretical and 
practical significance to the network robustness design and optimization.
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Introduction 

In this research, we apply new visualization method, which we call “Footprints of Chaos”, to 
coupled chaotic systems. In the method, the trajectory of nonlinear dynamics can be understood as a 
visual pattern on two-dimensional plane, converting the value of function, like a logistic equation 
(R. May, Nature, 1976), into an angle. This method has an ability to express various patterns 
depending on the control parameter. Therefore it is useful to understand the shape of attractor 
because the generated figures show the different patterns according to the type of attractor, such as 
fixed, period, and chaotic area. We should emphasize that this method has an advantage to visualize 
the unstable periodicity in the region of the chaotic area, in which we can observe the mixture of 
periodic patterns and chaotic complexity. 
In this presentation, we propose the method to observe the both of a network structure and internal 

dynamics of each elements at the same time, and show some patterns on two types of network; the 
coupled map lattice (CML) and globally coupled map (GCM).  
 

Results 
Our method is useful to observe the both of a network structure and internal dynamics of each 

nodes in the coupled map lattice (CML) and the globally coupled map (GCM). These two models, 
which are proposed by K. Kaneko (1993), are simplest examples of networks of chaotic elements. 
In the case of CML, every node is neighbors of one another and the chaotic elements interact with 
both neighbors function. On the other hand, GCM is completely connected network and every node 
has an interaction to all. On these networks, an order is emerged and evolved in time with mutual 
influences. In the simulation of dynamics on network, it is usually difficult to observe the both of a 
network structure and internal dynamics of each element at the same time. However, the proposing 
method enables us to observe the both at the same time. 
As a result of applying the methods to CML and GCM, we can understand the generated patterns 

have different feature from that of one and only one chaotic function. For example, nonsymmetrical 
patterns are generated in the network, despite only symmetrical patterns are generated when 
visualizing the one and only one function. Moreover we can observe that the dynamics on the 
networks is influenced by the type of network.  
Although our experiment is done on the static network, we think that the proposed method is 

powerful in the case that the structure of network is dynamically changing over time. Today, the 
dynamics of network come to attention in network science, therefore the method is useful to 
visualize and understand the both of dynamics on / of network. 
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Introduction  
Many real-world networks are reported to be characterized by the scale-freeness in structure. For social systems, 
organization mechanism of social networks is one of major research interests; therefore a number of models that are 
intended to realize the scale-freeness and other structural properties are considered by modeling the evolving process of 
the networks. While such models have succeeded in reproducing the scale-freeness in the structure, in many cases 
degree distributions of very low and very high degree nodes are often ignored and simply concluded as ‘cut-off’. 
Nevertheless, some real social networks, especially ones formed in the WWW, exhibit different distributions according 
as regions of degrees, so it may be too rough to represent with a single power-law exponent (Holme, et al., 2004, Ahn, 
et al., 2007). In such networks, we consider that there may be a unique organization principle that brings such 
characteristic degree distributions dependent on regions of degrees. In the present paper, we consider an evolving 
process of social networks to realize such the degree distributions, extending the idea of ‘connecting nearest-neighbor’ 
(CNN), originally proposed by Vázquez (2003), analyzed later by Juher, et al. (2006). 
 
Proposed Model and Analytical and Numerical Results 
In this paper we deal with an unweighted, undirected network. We construct the network model by proposing its 
evolving process; starting with a single node with no edges, a network evolves with iteration of the following two 
stochastic processes. (a) With probability 1–q, a new node is born with an edge to randomly selected node. (b) With 
probability q, an edge is created between a randomly selected pair of disconnected nodes whose graph distance is 2.  
The second process implies that every pair of neighbors-of-a-neighbor has a ‘potential edge’ that may be converted to a 
real edge. In the original CNN mechanism, the potential edge is created only when a new node has created and only 
between the new node and the neighbors of the node that the new node has linked with. Here, we bring a slight 
extension to this idea that potential edges are created at every time a real edge is created, connecting pairs of nodes that 
have at least one neighborhood in common.  
The degree distribution of the proposed model can be estimated analytically. Let ki(t) be the degree of node i at tth 
iteration. Evolution of ki(t) along with t is constructed as follows using mean-field approximation. 
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where N(t) �  (1-q)t is the total number of nodes at t, and <k> is the average degree of nodes. Each term of the right-
hand-side corresponds to the process (a) and (b), respectively. When ki(t)~1/q, or  ki(t)~(1-q)t, which corresponds to low 
and high degrees, the first term is dominant therefore Eqn. (1) can be approximated as � ki(t)/� t �  1/t, hence ki(t) �  
log(t/ti). In such cases, cumulative degree distribution is P[ki(t)<k] �  P[ti>e-k+1t] = P[ti� e-k+1t] = 1 � e-k+1, utilizing the 
assumption that nodes are added at equal time intervals. Thus the degree distribution is estimated as p(k) = 
� P[ki(t)<k]/� k �  e-k, the distribution become exponential. For 1/q<<ki(t)<<N, the first term can be neglected hence Eqn. 
(1) is reduced as � ki(t)/� t �  q*ki(t)/t

2, where q* is a quantity that is dependent on q. In this case, we have ki(t) �  (t/ti)
q*, 

and P[ki(t)<k] �  P[ti >t/k1/q*] = 1 � k-1/q*.We can obtain a power-law degree distribution as p(k) �  k-(1+ q*)/q*. 
This estimation implies that the degree distribution is composed of three regions; low (k~1/q) and high (k~N) degree 
regions in which exponential degree distribution emerges, and middle (1/q<<k<<N) degree range with a power-law 
degree distribution. The low degree region extends as q� 0. When q=0 it becomes equivalent with random attachment 
growing (Albert, 1999), hence p(k) follows an exponential distribution for the whole range of k. If the system size N 
increases with a fixed q, the upper threshold of the middle degree region becomes larger, while the lower threshold 
remain fixed due to the fixed q. 
We validated the estimation above by numerical simulation. Figure 1 shows the degree distributions for different q and 
N. The numerical studies qualitatively support the theoretical analysis. Practically, we found the power-law exponent is 
about 1.1 for q=0.8, and becomes larger for smaller q. The threshold between the low and the middle degree region is 
about k = 6 to 10. 
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Fig.1. Degree distribution p(k) of networks of the proposed model with (A) different values of q (N = 30000) and (B) 
different system sizes (q = 0.8). 
 
Concluding Remarks 
We proposed and analyzed an evolving network model that reproduces a mixed degree distribution. The characteristic 
degree distribution is due to a simple extension to the connecting nearest-neighbor model, which we consider is related 
to an intrinsic evolving mechanism in particular types of social networks. 
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Introduction  
In recent years, people have found that both of the physical systems in nature and the engineered artifacts in human 
society have essentially the community structure in common. Although the investigation of the community structure has 
motivated many successful algorithms[4], most of them only find separated communities. However, for the vast majority 
of real-world networks, few communities really disjoint with each other. For example, in social networks, each of us 
may participate in many social cycles according to our hobbies; in word association network, a single word may be 
involved in various clusters of words with different meanings. Contrary to earlier methods, we propose a new algorithm 
COCD (Clique-based Overlapping Community Detection) which requires no user-input parameters or any other 
thresholds to efficiently mine the overlapping communities in large-scale networks. Instead of dividing a network into 
its most loosely connected parts, COCD identifies the communities based on the most densely connected parts, namely, 
the cliques. We treat each group of highly overlapping maximal cliques as the clustering cores. Surrounding each core, 
we build up the communities in a gradually expanding way according to certain metrics until each vertex in the network 
belongs to at least one community.  
 
Results 
We first compare COCD with the existing algorithms[1][2][3]  on the networks whose community structures are already 
known in Table 1. The execution time of COCD includes both of the clique finding time and the community detection 
time. We introduce Recall and Precision to measure how well each algorithm can perform. Recall: the fraction of 
vertex pairs belonging to the same community that are also in the same cluster; Precision: the fraction of vertex pairs in 

the same cluster that also belong to the same community. We also use ( | ( ) |) / | ( ) |ioverlap V C V G= � , and the 

average vertex degree (2 | ( ) |) / | ( ) |i ivad E C V C= � � , iC is the discovered community with its vertex 

set ( )iV C and edge set ( )iE C to assess the community structures on the networks whose structures are difficult to 

understand in Table 2.   
Table 1. Results on networks with known community structures 

Graph Algorithm Overlap Vad Precision Recall Time(s) Community 
COCD 1.05 4.00 1.0 0.95 0.001 2 

CONGA[1] 1.03 4.45 0.80 0.55 0.402 2 
P&W[3] 1.73 3.02 0.44 0.73 0.063 4 

Karate 
Club 

CFinder(k=3) 1.00 3.94 0.62 0.53 0.051 3 
COCD 1.06 4.06 0.99 0.84 0.001 4 

CONGA 1.03 4.91 0.58 0.29 0.011 2 
P&W 1.50 3.52 0.49 0.65 0.010 15 

CFinder(k=3)[2] 0.85 4.62 0.46 0.58 0.010 4 

Dolphin 
Social 

Network 
CFinder(k=5) 0.18 4.36 0.05 1.00 0.003 2 

COCD 1.04 7.23 0.91 0.82 0.014 12 
CONGA 1.75 5.87 0.93 0.32 7.80 15 

P&W 3.11 3.66 0.72 0.52 0.02 63 
CFinder(k=3) 2.13 7.83 1.00 0.11 0.8 4 

College 
Football 

CFinder(k=5) 0.97 6.28 0.68 0.95 0.7 15 

Table 2. Results on networks with unknown community structures 

Graph |V(G)| |E(G)| Overlap Vad Time(s) Community 
Blog 3,982 6,803 1.11 2.94 0.56 196 

Cell Phone 385,407 488,808 1.67 2.05 6.78 6027 
Coauthor 39,577 175,693 1.20 5.07 2127 3629 

PowerGrid 4,941 6,594 1.18 2.23 0.25 230 
Word 10,225 80,330 1.43 4.01 65 790 

Ant 1.7 Package 1,319 4,784 1.07 6.72 10 22 
Tomcat 5.5.9 Package 1,352 6,020 1.28 7.33 9 43 

Internet 786 18,922 1.45 3.92 850 69 
Protein 1,846 4,406 1.11 2.21 0.09 55 
Citation 34,546 421,534 1.44 15.43 5819 1048 
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Fig 1. Communities in cellphone network and word-association network 

Discussion 
We evaluate the homogeneity of COCD’s discovered communities on the cell-phone network by using the additional 
information: zip-code and users' age. In Fig.1(a), the blue star symbols correspond to the average size of the largest 
subset of members with the same zip-code, in the discovered cell-phone call communities divided by the same quantity 
found in random sets. We can see that the ratio is significantly larger than 1 for both the zip-code and age, indicating 
that the communities discovered by COCD tend to contain individuals living in the same area and having a comparable 
age. Fig.1(b) shows parts of the communities in the vicinity of the word BRIGHT. It is easy to see that each community 
corresponds to one specific meaning of BRIGHT. However, if we use the non-overlapping algorithm[4], BRIGHT can 
only be associated with one of these three communities, which could result in some loss of information. 
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Introduction 
Networks have become the new paradigm for describing complex systems owing to their ubiquity in nature and society. 
One of the properties of such networks that have been widely reported is the “small world” phenomenon, i.e., the 
coexistence of strong clustering among nodes (characteristic of regular graphs) with low average path length (typically 
exhibited by random graphs). Such behavior has been seen in networks ranging from those occurring in the brain, social 
relations, communication and transportation all the way to cellular metabolism. The most popular model by Watts and 
Strogatz (WS) (1998) and almost all other models proposed to describe this phenomenon use a regular graph or lattice 
substrate on which long range links are added. 
More recently, further detailed investigations of the structural properties of many complex networks have revealed the 
widespread occurrence of modular configuration. A network is considered to be modular if it can be decomposed into 
sub-networks or modules, with nodes belonging to the same module having significantly more connections between 
them than nodes belonging to different modules (Girvan, 2002). 
 
Results 
We show that rather than being independent properties, modular structure in networks can result in small-world 
behavior (Pan, 2008). We demonstrate this by introducing a simple model of  modular networks, whose definition does 
not require the assumption of regular lattice substrate. The network model consists of m modules, each containing the 
same number of nodes randomly connected to each other. The connection probability between nodes belonging to the 
same module is r i, and for those belonging to different modules is r 0 Thus, the parameters defining the model is the 
ratio of inter- to intra-modular connectivity r 0/ r i = r Î  [0, 1]. For r ®  0, the network gets fragmented into isolated 
clusters, while as r ! 1, the network approaches a homogeneous random etwork. The small-world property is associated 
with high values of both network efficiency E and clustering C, which is indeed what is observed in this model for an 
intermediate range of r, exactly as in the WS model [Fig. 1 (i)]. 
We have also demonstrated a fundamental connection between the topological structure and dynamical behavior on 
such networks, namely, the existence of a characteristic distinction between two time scales, one corresponding to inter-
modular and the other corresponding to intra-modular processes. This is in sharp contrast to earlier models of SW 
networks, which show a continuous range of time scales in their dynamics. In particular, we have looked at the 
synchronization behaviour among oscillators coupled according to different network topologies, and found the modular 
configuration to be more effective for coordinating activity over local clusters rather than globally. 
Such a property will be desirable, e.g., for information processing in the brain, which requires synchrony between local 
areas processing specific stimuli but where global or very large-scale synchrony is considered pathological as seen 
during epilepsy. Similar results apply to diffusion processes occurring over the network, which is relevant for 
information propagation in social communities and the internet. 
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To see why networks evolve towards modular organization we note that they are subject to multiple structural and 
functional constraints, e.g., minimizing the average path length and the total number of links, while maximizing 
robustness against perturbations in node activity. We show that the optimal networks satisfying these three constraints 
are characterized by the existence of multiple sub-networks (modules) sparsely connected to each other (Pan, 2007). In 
addition, these modules have distinct hubs resulting in an overall heterogeneous degree distribution, as seen in many 
real networks. 
 
Discussion 
We present an alternative model for small-world network, quite distinct from the models related to the WS construction 
scheme. Although using static measures such as clustering coefficient and efficiency, these modular networks are 
indistinguishable from WS networks, we observe that these two types of small-world graph models have very different 
dynamical signatures. By observing such dynamical signatures for real-world networks, which have been reported to be 
small-world, it is possible to show that at least some of them are better represented as modular networks than by WS or 
related models. This distinction may be crucial for designing intelligent intervention strategies for controlling the 
function of complex systems, e.g., in the context of preventing an epidemic from spreading. 
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We study the diffusion phenomena on the negatively curved surface made up of congruent 
heptagons. The heptagonal lattice has a short characteristic path length, similarly to other complex 
networks, whereas the local connection structure and the degree distribution are identical to those of 
regular lattices. Unlike the usual two-dimensional plane, this structure makes the boundary increase 
exponentially with the distance from the center, and hence the displacement of a classical random 
walker increases linearly in time. The diffusion of a quantum particle put on the heptagonal lattice 
is also studied in the framework of the tight-binding model Hamiltonian, and we again find the 
linear diffusion like the classical random walk. Comparison with diffusion on complex networks is 
also made.  
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Introduction  
Many networked systems are very large, containing thousands or even millions of nodes, and their structures are 
extremely complex. So far a large number of statistical properties and metrics have been introduced to describe and 
quantify various aspects of a network’s topology. 
 
The most examined topological property is the distribution probability of a node’s degree, i.e. the number of links a 
node has. For example random networks have an exponential degree distribution and scale-free networks have a power-
law degree distribution.  However it is now clear that the degree distribution alone cannot provide a good description of 
a network’s topology, because networks with identical degree distribution can be completely different in other 
properties.  
 
Here we present our recent work on referring the relationships and constraints between three topological properties: the 
degree distribution P(k), the rich-club connectivity f (k) (Zhou et al., 2004), and the degree-degree correlation, which 
can be summarized by the assortative coefficient a (Newman, 2003). 
 
Results 
We use two link-rewiring algorithms to produce surrogates of a network where (1) each node’s degree is preserved, i.e. 
the degree distribution P(k) is preserved; or (2) both the degree distribution P(k) and the rich-club connectivity f (k) are 
preserved. Three networks from different research domains are examined (Zhou et al., 2007): the Internet at the 
autonomous systems level, the protein interaction network, and the scientific collaboration network.   
 
Fig. 1 shows that surrogate networks produced by rewiring the Internet while preserving the degree distribution always 
have a negative value of the assortative coefficient. This suggests that the Internet is inherently disassortative mixing. 
The value of the assortative coefficient is further restricted into a smaller negative range when the link-rewiring process 
preserves the rich-club connectivity as well. This is in contrast to the protein interaction and the scientific collaboration 
networks where their constraint on the assortative coefficient is relatively loose. 
 
Fig. 2 shows that the rich-club connectivity can change dramatically during the link-rewiring process that preserves the 
degree distribution. For all the three networks, when links are rewired in the maximal assortative way, there is a notable 
increase of f  (k) and a fully connected rich-club clique appears; whereas when links are rewired in the maximal 
disassortative way, there is a complete collapse of the rich-club connectivity. It is clear that the rich-club connectivity 
increases when a network becomes more disassortative and it decreases when the network becomes more assortative. 
But the rich-club connectivity and the degree-degree correlation are not trivially related. For example the rich-club 
connectivity of the disassortative Internet is larger than that of the scientific collaboration network, which is assortative.  
  

  
Fig.1. Value range of the assortative coefficient.  
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Fig.2. Change of rich-club connectivity f (k) by link-rewiring which preserves the degree distribution P(k).  
 
Discussion 
Our work suggests that structural constraints between topological properties can provide fundamental knowledge of a 
network’s inherent nature. Such knowledge is the key to characterise, classify and model network topologies.  
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Introduction  
Searching information in complex networks, such as peer-to-peer (P2P) networks and the world-
wide web (www), using random walkers is an interesting and important application in diverse areas 
including physics, computer science, and neuroscience. The efficiency of the information search is 
determined by two factors: (1) amount of traffic at time t defined by the total number of packets 
existing on the network at t and (2) searching time which corresponds to the average life time of 
query packets. In general, these two factors are competing to each other, i.e., reducing the traffic 
congestion causes long waiting time to find a given information. Therefore, it is very important and 
difficult to design a less traffic congesting model with short searching time. We consider the pure 
P2P networks as an example of information search by taking notice of the fact that the most of 
traffic generated by P2P applications consists of the query packets to find out the node which has 
the requested file out of the P2P jungle. In this study, we suggest a new model using the anomalous 
behavior of the diffusive capture process (DCP) and biased random walk (BRW) on complex 
networks for efficient information search. 
 
Results 
The popular algorithms used in many P2P networks are the flooding-based query-packet forwarding 
(FB) algorithm which causes significant traffic congestion and the n-random walker (n-RW) model 
causing long waiting time. We show that our model has two main benefits compared to the other 
algorithms: (1) drastically decrease the traffic congestion compared to FB algorithm and (2) more 
implementable scalability in average searching time than n-RW model. Using these two benefits, 
we expect that our algorithm can provide more optimized algorithm compared to FB or n-RW for 
searching information. 
 
Discussion 
Some information transfer networks, such as neural networks, have huge hub like the Gnutella 
network. In these networks, we expect that the networks have self-organized their structure to 
improve the efficiency for finding information such as reducing the traffic or the searching time. By 
combining our results, we expect that the non-mean-field type behavior of DCP can give a clue to 
the emergence of scale-free structure or formation of hubs in information transfer networks 
observed in nature.  
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This presentation introduces a software package which gives handy tools into the hands of 
researchers doing network science. The authors strongly believe that the tools scientists use are 
important because they can increase productivity by several factors and thereby enhance scientific 
progress. 
 
The igraph library was developed because of the lack of network analysis software which (1) can 
handle large graphs efficiently, (2) can be embedded into a higher level program or programming 
language (like Python, Perl or GNU R) and (3) can be used both interactively and non-interactively. 
Some key features of igraph are: graph generation (regular structures, Barabási-Albert model, 
Erd� s-Rényi random networks, forest �re model, growing random graphs and many other), 
centrality measures (closeness, betweenness, eigenvector centrality, PageRank), shortest paths, 
connected components, motif counting, random rewiring, vertex and edge attributes, maximum �ow 
and minimum cut calculations, vertex connectivity, cliques and independent vertex sets, graph 
layouts (random, circular, Fruchterman-Reingold, Kamada-Kawai, LGL, grid-based Fruchterman-
Reingold, Reingold-Tilford layout for trees), community detection (greedy modularity optimisation, 
walktrap and spinglass community detection). igraph can also import and export graphs from edge 
lists, Pajek, GraphML, LGL, NCOL and GML formats.  
 
Embedding igraph into Python or GNU R creates a very productive research environment, well 
suited for rapid development. All the expressing power of GNU R (or other higher level language) 
is readily available in a convenient integrated environment for generating, manipulating and 
measuring graphs, and evaluating these measurements. igraph supports GNU R, Python and Ruby 
at present, but other interfaces can be added without too much effort. 
 
In this presentation, we will show the key features of the igraph software package and various 
demonstration tasks involving generating, analysing and visualising large graphs. 
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In recent years, there has been a growing availability of network datasets where the ties are not just present or absent, 
but are differentiated according to their weight (Barrat et al, 2004; Granovetter, 1973). Yet, most social network 
measures proposed in the literature do not take tie weights into consideration and are applicable only to the restricted 
domain of unweighted networks. As a result, much of the information contained in the data is inevitably lost, and the 
complexity of the network topology cannot be described and formalised in its full extent.  
 
This paper represents an attempt to overcome this shortcoming by focusing on a widely used network measure: the 
global clustering coefficient. We choose to generalise the global, and not the local clustering coefficient, as the former 
can be regarded as the undirected version of transitivity, which makes it a more suitable candidate than the latter for 
capturing clustering in directed networks (Wasserman and Faust, 1994).  
 
We generalise the global clustering coefficient to take tie weights into consideration:  
 
 
 
where 	  represents a triplet, 	 
  a closed triplet, and �  is the value assigned to the triplet. 
It is crucial to use an appropriate method for defining the value of a triplet as this affects 
the value of the coefficient. In particular, the method should reflect the research question as well as the way in which 
the weights of the ties are defined. As shown in Table 1, the value of a triplet varies depending on the chosen method. 
 
 
 
 
 
 
 
 
 
 
 
Table 1. Methods for calculating triplet 
values. 
 
The generalised clustering coefficient produces the same result as the binary clustering coefficient if applied to a binary 
network. This is because all triplets have the same value, irrespective of the method used to calculate triplet values. 
Moreover, the generalised coefficient has the same properties as the binary coefficient. It ranges between zero and one. 
In a fully connected network, it takes the value of one. In a classical random network, it is equal to the probability of a 
tie. Moreover, on a network in which weights are randomly reshuffled, the generalised coefficient takes the value of the 
binary one.  
 
To evaluate benefits and applicability of our analysis, we undertake a comparative assessment of the standard and 
generalised clustering coefficients by applying them to a number of network datasets. Table 2 shows that the 
generalised clustering coefficient is higher than the binary coefficient, except for the case of C.elegans' neural network 
(Watts and Strogatz, 1998). This signals that stronger triplets are more likely to be closed than weaker ones. The 
findings therefore provide empirical support in favour of Granovetter’s (1973) claim that stronger ties are more likely to 
be part of transitive triplets.  
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Table 2. Comparison between the generalised and binary clustering coefficients. 
 
We also extend our measure to directed and weighted networks by using the same definition of a triplet as the one used 
for measuring transitivity (Wasserman and Faust, 1994). Our generalisation produces the same results as transitivity if 
applied to a binary directed network.  
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Introduction 
The abundance of reciprocal edges present one of the simplest type of local structural correlation present in directed 
graphs. Although a huge amount of work is done in the direction of understanding different types of correlations in 
complex networks, reciprocity because of its apparent simplicity was more often omitted in the research than not. In this 
talk the unexpected effects of this simple correlation on other correlation measures will be presented.  
The previous work regarding reciprocal links showed that different networks can be well classified according to the 
present number of reciprocal edges (Garlaschelli, 2004). Such classification corroborates the idea that reciprocal edges 
have significant influence on the function of real networks. The specific role of reciprocal edges is further accessed in 
the work on correlations in WWW (Serrano, 2005). In the ensemble of growing Wikipedia networks (Zlati� , 2006) is 
observed the unusual stability of reciprocity measure throughout the Wikipedias written in different languages.  
Reciprocity is just one of many different measures of network correlations present in recent literature. The problem of 
assessing the influence of one type of correlations on other types of correlations is still largely open problem in the 
theoretical network science. Some of the previous works include the influence of degree correlations on clustering 
coefficient (Dorogovtsev, 2004) and on reciprocity(Lopez, 2008).  
 
Results 
The mutual influence between reciprocal links and structural degree correlations in networks will be thoroughly 
discussed. 
The talk will include some of the results presented in the paper (Lopez, 2008) as well as some new results.  The main 
focus of the talk is the interplay between the structural degree correlations and reciprocity.  
Part of the talk will be dedicated to influence of reciprocal edges on the other properties of realistic networks. To 
corroborate these results, a case study on influence of reciprocal edges on the common random network model and 
excellent matching with the measured properties of some real networks, will be mentioned in the end.    
 
This Work is still in progress and some new results are possible to be included. 
 
 
Discussion 
 
Scientists investigating the application of network theory often use different models of random networks to access the 
influence of aimed network properties on the investigated process or realistic complex systems. For the correct 
applications of the network theory it is therefore of absolute importance to address the mutual influence of different 
types of correlations one to each other. Otherwise the measured properties can be just the reminiscence of the other 
undetected/unmeasured correlations present in network. 
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Introduction 
Community structure is an important property of complex networks, which means network can be divided into groups 
and within groups the correlations are density but between groups the correlations edges are sparse. Up to now, most of 
researchers focused on the problem of detecting community structure in complex network. There are lots of methods 
have been developed. Function Q is a measurement showing fitness for different divisions, and becoming objective 
function for some optimization algorithms. However other properties of community structure should also be considered, 
such as robustness, which means a little disturbance can not cause tremendous changes in community structure or not . 
The robustness of community structure is quite significant for the analyzing of real networks, for the real systems are 
usually full of uncertain changes. Both the stabilization of community structure and value of function Q should be the 
measurements for community divisions. Newman has done some research on this subject. He introduced a method 
disturbing network randomly and studied the robustness toward random attacks. We do some research on robustness of 
community structure in this paper. 
 
Results 
To investigate the robustness of community structure, function D which is designed by us is adopted to quantitatively 
measure the difference of different community structures. Comparing with the measurement used by Newman, function 
D is more sensitivity to changes. We propose two kinds of method to disturb the initial network, both of which aim at 
triangles in network. The first one don’t take the total number of actual triangles in the network into account, the second 
one keeps the total number of actual triangles in the network unchanged. First the Zachary's karate club network is 
investigated using two methods we introduced. The results show that disturbing the same number of edges the first 
method could cause lager changes than disturbing network randomly, which means the disturbing towards triangles is 
more efficacious than random attack. The results of the second method show that both the numbers and the distribution 
of actual triangles in the network play important role in forming communities. Moreover the changes of the value 
function Q towards different kinds of methods are studied. The randomly attack and the first method we proposed cause 
rapid decrease of maximum value of function Q, while the second method cause fewer. The same analyses also are done 
in econophysics scientists’ collaboration network. 
 
Discussion 
The methods we proposed to disturb the initial network are aimed at triangles. And we find that both the numbers and 
distribution of triangles are important factors for community structure. There maybe else important factors, other 
disturbing methods are expected. For a given network, how to enhance its community structure robustness is an 
interesting problem. 
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Traffic dynamics on the underlying network structure is important for communication 
infrastructure. For the efficient transfer, there exists a trade-off between fast delivering of packets 
and avoiding of the congestion at a special node. Indeed, the conventional shortest path routing 
based on a static table of hop-counts involves the concentration of packets on a few hubs in a scale-
fee (SF) network such as the Internet. To improve it including on dynamic wireless or ad-hoc 
environment, various routing schemes are developing. In particular, due to the simplicity and the 
powerfulness, we pay attention to stochastic routings by controlling a path with the probabilities 
proportional to Ki�  and (m(i) + 1)-�  to select a forwarding node i in the neighbors of current node 
on the navigated path according to its degree Ki and occupied queue length m(i), respectively, 
under a constant generation rate of packets at each time step. Here, parameters �  < 0 and �  > 0 mean 
the avoidance of hubs and congested nodes. It is usually assumed that each node has a same 
performance for the possible number of forwarding packets at once and the unlimited queue.  
On the other hand, the enhancement of forwarding capability is also reasonable. In the Internet or 
airline transportation networks, an important facility with many connections has high performance; 
more packets are processed as the incoming increases. Such higher performance at more busy nodes 
is effectively applied in a zero-range process (ZRP) to distribute packets and suppress the 
condensation at a few nodes, instead of avoiding a path through hubs. The ZRP is a solvable 
theoretical model for traffic dynamics on persistent packets, in which packets as much as the 
amounts of m(i)� , 0 ���  1, are jumped out form a node i and each packet is stochastically 
forwarded to one of the neighbors with the probability proportional to Kj� . Especially, the phase 
transition between uncondensation and condensation (congestion) at hubs on SF networks has been 
derived at�  = 0 of the uniformly random walk. The similar phase transition has been discussed in a 
mean-field approximation and numerical simulations for a preferential walk to high degree nodes 
with �  > 0. Including with�  < 0, we derive it by another approach and numerically confirm the 
transition over 10000 realizations: 100 trials of � N = 1000 packets on 100 SF networks with N = 
1000 and ‹k›� 4. In more realistic case with the nearest-neighbor search at the last step to a terminal, 
we further investigate the traffic properties. Note that only m(i)� = 0 = 1 packet is forwarded from 
each node and more packets are forwarded as � is increased. As a new result unlike the behaviors of 
independent parallel forwardings and a single packet, the interaction of many packets with trapping 
in queues causes the trade-off between detoured hopping and congested waiting. Neither short 
path but long waiting at hubs (�  = 1) or wandering path but short waiting at a node (�  = -1) is 
not good strategy to reduce the traveling time. Rather surprisingly, the uniformly random 
walk (�  = 0) is better.  
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Introduction  
Complex networks such as the Internet, power transmission lines and telephone systems are 
susceptible to catastrophic failures in which the whole network ceases to function. An avalanche-
like breakdown is the most common cause of a catastrophe. Failure of a single node, that is 
sensitive to overloading, would induce load redistribution among the network. This redistribution of 
load will overload other nodes, triggering an avalanche of failures. As a result, the entire network 
fragments into disconnected sub-networks. We are interested to know if a catastrophic network has 
a distinctive topology and if the cause of the cascading behaviour scales with the size of network. 
To be able to address these questions we need to construct catastrophic networks in a controlled and 
efficient way. 
 

 
Results 
Previous researchers studied the topological properties of a catastrophic network by evolving a 
scale-free network until it fails catastrophically due to overloading. But it is computational 
demanding which restricts the size of networks that it can generate. We have introduced a new 
method to construct a catastrophic network by following the cascade breakdown in reverse. We also 
improve it by developing a more accurate and efficient method to generate catastrophic network. 
The network evolves from a small core network following stages. At stage n, the node fN (the node 

designed to fail as this cascade stage) is connected to the network A obtained at stage n-1 and a new 
network B.  fN would be the bridge between A and B. The load produced by the A and B networks 

is such that the node fN  fails at predetermined load. At the next stage n+1, a new node 1+fN  is 

connected to the network obtained at stage n (A') and a new network B'. The connectivity between 
A', B' and 1+fN  is such that the node 1+fN  will fail at the same load as (or higher than) node fN . 

The cascade failure follows the sequence �11 -+ ®® fff NNN  . One of our results is the 

development of an efficient method to obtain, at any stage, the desired connectivity between A, B 
and fN . We also find out the existence of a scale invariant in a catastrophic network. For a typical 

catastrophic network the degree of fN  scales as bNak +µ  (b>0, and N the network's size) and the 

nodes in B network as cNak +µ  (c<0), where a, b and c are constants. The betweenness 
centralities of the nodes also scale with network size.  
 

 
Discussion 
Given an initial network and target load, our method can grow a network that will fail 
catastrophically. We can also control the number of steps in the cascade. The scale invariants 
discovered can be used to construct very large catastrophic networks and analyse their properties. 
Our method can also be extended to build heterogeneous networks by varying node types and link 
weights. These heterogeneous networks give a better representation of real-world networks, such as 
a communication system.    
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Introduction  
We demonstrate a network constructing approach using the transcriptional factors, metabolic 
reactions and functional cellular roles for the genome of Escherichia coli K12. The network 
includes various types of nodes: genes, sigma factors, transcriptional factors, operons, metabolic 
pathways and functional cellular roles. Global topological measurements were applied to study the 
intracellular activity during the lag time of the organism by extracting the sub-networks of the up- 
and down-regulated genes during the lag time. Translational activity was monitored by cDNA 
microarray hybridizations at different time points during the lag time. 
 
 
Results and discussion 
The network constructed had 5172 nodes: 4618 genes, 833 operons, 159 trasncriptional factors, 10 
sigma factors, 57 metabolic pathways and 94 functional roles. The genes with the highest degrees 
were mainly involved in lipids and amino acids metabolism and in aerobic respiration. Pyrimidine 
pathway and purine metabolism, glycolysis, oxidative phosphorilation and fructose and mannose 
metabolism were the metabolic pathways with the highest number of links. The functional cells 
roles with the highest number of links were regulatory functions, transport and binding proteins for 
carbohydrates, organic alcohols and acids and for amino acids, peptides and amines and DNA 
replication recombination and repair. 
Up-regulated genes during the lag time were linked to energy production, translation and motility. 
Down-regulated genes were involved in carbohydrates and amino acids metabolism, energy 
conversion and cell wall and membrane biogenesis.  
Integrating high-throughput and computational data in networks provides an insight into the global 
intracellular activity during the lag time of E. coli. We showed that such networks can describe the 
transcriptional activity and therefore can be used to study the cellular response to different 
environmental stimuli. 
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Regulatory Gene Networks (RGNs) consist of genes and gene products. Activating a gene results in 
the synthesis of that gene's product. Each gene product influences the activity of its target genes. 
The amount of a gene's product in a cell is known as the expression level of that gene. RGNs are 
dynamical systems, and different cell types can be considered to correspond to different attractors, 
i.e. different stable states of gene expression levels. 
 
RGNs can be divided into two aspects, the network topology, i.e. a directed graph indicating 
regulatory interaction among genes, and the dynamical parameters which quantitatively describe the 
impact of gene products on the activity of their target genes, as well as decay and diffusion rates. 
Gene expression takes place in cells which may be arranged in a spatial structure (e.g. tissues). 
 
We are interested in cases where spatial structure leads to the emergence of additional attractors, 
and whether this mechanism of generating attractors is “used” by biological systems. Given an 
RGN topology, we employ optimisation to find dynamical parameters such that the set of gene 
expression states in a collection of cells with a spatial structure is more clustered than the set of 
gene expression states in a control set of isolated cells. 
 
Networks topologies with a power-law (PL) degree distribution were chosen as a class 
representative of complex biological networks while Erdös-Rényi random graphs (ER) serve as a 
reference class. For each gene, the set of expression levels is scored for bimodality as an indicator 
of clustering. The sum of this score for all genes is determined for cells in a 2D orthogonal lattice 
and for isolated cells, and the difference is used as the objective for optimisation. 
 
Here, we demonstrate results from this approach indicating differences in bimodality scores 
between PL and ER networks. Our framework will allow us to study whether there is a statistically 
significant difference between those two network classes, which might suggests that certain 
network classes incorporate more biologically significant properties. 
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Introduction 
Complex networks studies have become important instruments in the approaches of epidemic models to the description 
of infectious diseases found in nature and society. Complex networks serve the purpose of imitating the influence of 
spatial structure of populations in the epidemic dynamics (Strogatz, 2001). Other important improvement to modern 
epidemic models is the grouping of individuals in metapopulations, which are defined as populations of populations. 
We propose another way to represent the structure of a metapopulation using complex networks, by using nodes to 
represent individuals and links to represent social contacts, taking into account an additional heterogeneity present in 
social relations, namely, that social contacts between individuals from different cities can be different (i.e. random, 
fewer) from contacts between individuals from the same city. 
 
This work show a series of studies on epidemic dynamics on a metapopulation which is constructed with a couple of 
similar Watts-Strogatz complex networks representing two cities, and a set of random links representing social contacts 
among individuals from different cities. A Susceptible-Infectious-Susceptible (SIS)-type disease is introduced in the 
two-cities metapopulation, by setting a fixed fraction of individuals in the I state. An infection rule is also introduced to 
define the way a susceptible individual becomes infectious, and a recovery rule defines the way a infectious individual 
becomes susceptible again, similar to the rules introduced by Pastor-Satorras and Vespignani (2001). 
 
Threshold infection rate 
We start by studying the epidemic dynamics using a mean field theory, in which the two-cities metapopulation concept 
is involved. 

 
where S0(S1) is the density of susceptible individuals at city 0(1), I0(I1) is the density of infectious individuals at city 
0(1), �  is the infection rate, 2K is the mean connectivity of individuals form each city with individuals from the same 
city, and nl is the number of random links connecting individuals from different cities. This mean field theory allows to 
find the threshold infection rate � c, below which the infectious disease cannot survive on a large time scale, and above 
which the disease persists in the two-cities metapopulation (prevalence or endemic state). After solving this model we 
find 

 
A further derivation can be obtained when we introduce an immunization strategy which assigns a fraction of 
individuals the Retired (R) state across the metapopulation. For a given immunization strategy (constant R), the 
corresponding mean field theory yields a threshold infection rate � ci, and for a given disease (constant � ), the mean field 
theory allows us to calculate a threshold fraction of vaccinated populations Rc; below this, the infectious disease is able 
to survive in an endemic state, and above Rc, the disease dies out: 

 
Results and Discussion 
We simulated the epidemic outbreak over a of 10 metapopulation realisations, with two cities of 105 nodes each and 0 to 
40000 random links from one city to another. A set of simulations was performed with a starting density of infectious 
individuals of 0.5 in both cities. We studied the temporal evolution of the disease as well as the large scale behavior, 
which allowed us to study the existence and position of the threshold infection rates. Fig. 1 shows the prevalence 
varying with infection rate �  and the number of random links nl between the cities (cf. Pastor-Satorras and Vespignani, 
2001). Fig. 1 also shows how the threshold infection rate  � c varies with nl, in a decreasing fashion which matches the 
prediction from the mean field theory reproducing the decreasing behaviour that the mean field theory foresees. 
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Fig. 1. Left: Prevalence (density of infectious after a considerable time passes) varies with �  and nl. Right: � c explicitly 
plotted against nl, confirming the predictions of the mean field theory. 
 
It is worth noticing that the mean field theory predicts the need of nl to be of the order of N to notice a variation in � c, 
which has been reproduced in simulations; this constitutes an important modification in the topology of the 
metapopulation, which approximates that of a pure random network. 
 
In a separate set of simulations, we confirmed that � ci depends on nl and R, just as the mean field theory shown above 
predicts. We found that an aggressive immunization strategy (larger R) reduces the chances of a disease to survive. We 
also confirmed the mean-field expression for Rc, which constitutes the minimal immunization strategy that can make 
the disease die out. In a recent paper, Pastor-Satorras and Vespignani (2002), represented immunization in a complex 
network by a decrease of the infection rate � , getting to the same results in � ci and Rc as the results shown here with our 
immunization strategy. 
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Introduction  
Our interest is to unravel dynamics and characteristics of small-scale neural networks; thus, our aim 
is to develop tools to characterize and quantify properties of data from network systems. We use 
recordings of spontaneous activity in the retina to refine our analysis tools, which are also useful 
outside of retinal research (such as in epileptogenesis, cardiac dynamics, etc). In many cases, data 
processing focuses on linear and frequency-based analysis of extracted spikes; these methods are 
good in general for determining changes in firing rate, etc, but do not necessarily detect subtle 
network communication differences. Nonlinear dynamics in conjunction with linear and frequency-
based analysis methods can resolve these issues: applying them to both raw data and spike times 
can reveal more information about underlying changes. Such investigations have previously been 
limited in scope and practicability due to the large-scale nature of some of the more relevant 
calculations as well as availability of data; however, through interaction with the CARMEN 
Consortium, infrastructure for collaborations as well as data storage and analysis is gained, yielding 
better, faster, and more relevant results. 

CARMEN offers a global platform for collaborators to share algorithms, computing power and 
data. Our Work Package within CARMEN aims to undertake a large-scale analysis of spontaneous 
retinal activity during different stages of development. This involves two aspects: first, we are 
collecting existing MEA recordings from various investigators covering a range of developmental 
ages, species and genetic backgrounds. Second, we are developing algorithms to analyse the 
recordings with various techniques automatically. Pooling the data from various sources (varying in 
MEA platforms, lab protocols, species, ages) is one of the advantages of CARMEN enabling us to 
cross-compare results using consistent techniques. 

Results 
Dominant frequency analysis, spatial correlation, burst analysis, network spikes, dynamic Bayesian 
network analysis, entropy measure calculation, correlation network analysis, wave spatiotemporal 
characteristic measures, and inter-spike-interval statistical measures were used to extract 
information from both raw and spike-time data; results were combined and compared. It is 
anticipated that more analysis methods will be implemented and compared with existing results in 
the near future, with the final aim to correlate and compare many result ‘frames’ with each other. 
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Introduction 
Salmonella causes gastroenteritis in humans and is responsible for more human deaths than any 
other food-borne pathogen in the US and UK. Our aim is to help understand the biology of 
Salmonella, thereby enabling effective interventions and therapies to be developed.  
To successfully invade its host Salmonella must respond to a series of hostile environmental 
conditions (e.g. temperature change, gastric acid, low oxygen). Although we possess a ‘parts list’ 
for Salmonella (DNA sequence, genes, proteins) this is only the first step in understanding how the 
switching on and off (transcription) of its ~4600 genes is coordinated under such stresses.  
DNA microarrays make it possible to simultaneously measure the level of transcription for each 
gene when Salmonella cells are exposed to a given stress. We have determined the gene expression 
profiles for 14 infection-relevant stresses and collected them into an environmental compendium 
that we call EnviCom. The richness of this data lends itself well to the study of complex regulatory 
phenomena; of particular interest is that of the stimulation or inhibition (i.e. feedback) of further 
gene expression by transcription factors (TFs), which are themselves proteins produced by 
transcription.  
 
Inferring networks 
The number of theoretically possible regulatory interactions for EnviCom is approximately 19 
million, and so to help identify true regulatory connections we are implementing a recently 
published algorithm, context likelihood of relatedness (CLR; Faith et al, PLoS Biol 2007, 5[1]:e8). 
It uses mutual information (MI) as a metric to detect statistical dependence between pairs of genes 
by determining whether a calculated MI score stands significantly above the background 
distribution of MI scores for all gene pairs that include either of the genes under scrutiny. If it does, 
then the interaction is highlighted as (potentially) being a regulatory one involving a TF and its 
target gene.  
Using a model bacterial system (E. coli) to validate their approach, the CLR authors used 
transcriptional profiles across a set of conditions similar to ours to identify interactions between TFs 
and their target genes, and to make novel regulatory predictions.  
 
Discussion 
The regulatory circuitry of E. coli is the best understood of any bacterium but we are applying the 
CLR network inference algorithm to Salmonella where our understanding is far more limited. 
Hence we are presently adapting the software for our purposes and will present preliminary results 
from our efforts to unravel the infection-relevant transcriptional networks of this major pathogen. 
Our aims in using this networks approach are to: 
�  suggest new regulatory networks 
�  provide testable hypotheses for novel interactions between regulatory networks 
�  assign functions to genes of unknown function (approximately 30% in Salmonella) 
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Introduction  
Depending on the quantity of the input information the visual signal processing in human brain has 
at least three different levels or working-phase, e.g.: 
Level of simple reactions (reflex): The input entropy (information) is 0 bit and there is no 
processing of signals in the cortex. 
Level of quantitative information processing: A quasi-exact identification of signals having small 
entropy. There is signal processing and classification in the cortex. 
Level of associative information processing: It is not possible to process the signals exactly since 
they have large amount of entropy and/or they are disturbed by noise. The simplest way of 
classification needs a different form: the pattern recognition approach for the identification of 
signals. 
 
Results and discussion 
For exact examination of the first two levels of human information processing ability we elaborated 
an information-theory-based model and a new measuring method. The accuracy of information 
processing at optimum working point is independent of T individual characteristic parameter and 
shows an interesting dependence of H(X) input entropy: the accuracy approaches to 100%, when 
H(X) approaches to 0 bit and approaches under 60% when the input entropy is increasing 
(H(X) >> 1 bit). Through the reduction of H(X) input entropy the Ip /H(X) processing ratio and the 
accuracy are increasing and its value approaches 1, while at non-zero entropy these values are less 
than 1 essentially. Therefore a phase-change-like transition occurs below H(X) = 1 bit. Similarly 
through the increasing of H(X) input entropy (H(X)>>1 bit) the Ip /H(X) processing ratio and the 
accuracy approaches to an individual characteristic value, the subject changes the working method 
of information processing. We found that the most essential behavior of our model is widely 
independent of the concrete choice of f(� ) heuristic tactical function and other parameters on the 
analogy of the universality features of the critical-phenomenon in statistical physics. 
Our proposition for measurement protocol of third level is the application of an artificial neural 
network (ANN) for the same classification task working in parallel with the human operator 
investigated, and to quantify the classification process with a suitable and computable parameter of 
the ANN. Such a manner the data computed by the ANN can be considered as a basis for 
comparison of the information processing abilities of the subjects in case of high entropy stimulus 
signals (which needs – to our basic assumptions – human associative information processing). 
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Introduction  
It is already well-known that structure of a network (i.e. node degree distribution, nodes’ degree 
correlations, small-world effect etc.) influences different dynamical processes defined on networks. 
On the other hand, one can also imagine an opposite interaction, in which different dynamical 
processes defined on networks induce changes in the network structure (e.g. rewiring of 
connections). A few models exploiting the idea have already been described in the literature [Gil, 
Zanette, 2006; Holme, Newman, 2006; Vazquez, 2006; Biely, Thurner, 2007]. In general, it has 
been shown that there exists a kind of percolation transition in these models. The models can be 
also perceived as an agent-based social system models, in which each agent, apart from having an 
indicator of its own internal state, does also have a freedom to establish new and break existing 
connections with other agents. 
 
 
Results & Discussion 
In this contribution, we deal with similar problems. We report on structural and critical properties of 
exponential random graphs [Newman, 2006; Fronczak, 2006] with Hamiltonians having both: 
structural and spin-like ingredients. Using the maximum entropy principle we drive quantities 
describing equilibrium  state of the considered networks. We discuss a few phase diagrams, identify 
types of the observed phase transitions, and derive equations for the phase-coexistence. We also 
show that in some cases the network topology inherit uncommon properties: one can observe two 
main clustered states. 
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In an earlier study we found that the epidemic size of an simulated FMD outbreak is dependent on 
the number and type of contacts of the primary farm, from where the epidemy started. The earlier 
results indicated that the stochastic nature of epidemics and the network connected to the primary 
farm, may have influence on the outcome.  
   
Here we studied how the networks between pig farms determine the spread of hypothetical foot-
and-mouth disease in Finland using the Monte Carlo simulation model. The network data contained 
detailed  information on 1) the location of each farm,  2) animal transportations and 3) vehicle 
movements between farms. The disease may also spread through networks, which are defined by 
the farm location: each farm belongs, for example, into a particular region defined by the veterinary 
district (2-mode networks). The infection probability of each farm depends on the types of contacts 
it has and is highest when animals are moved between farms. Altogether 900 000 simulations were 
run and they were started from each of the Finnish pig  farms, i.e. nodes (n=3228) separately to 
define the size of an epidemic outbreak in that structured network. Another comparative simulation 
study (also 900 000 simulations) was done to investigate the outcome of  random networks: here 
the network information was ignored, but the frequency of contacts of every farm were the same.  
  
The size of the epidemics differed between the random and structured networks.  Random networks 
caused on average 18% larger epidemics than the structured networks. The average range of  
the epidemic size of the random network simulations was 2.25 the range of the outcomes from the 
structured network. Variance and maximum value of epidemic size increased even more (2.50-3.23 
times higher) in the random network simulations. Correlation between expected epidemic size on 
farm level between random and structured network simulations was  0.75 (n=3228), indicating that 
contacts of the primary infected farm could explain 56 % of the outcome. Rest of being explained 
by contacts of the other farms in the network and by the stochasticity. The results highlight the 
importance of information on the network structure in applied veterinary epidemiology for 
example in the farm risk classification and in development of predictive models of diseases 
transmissions between farms. 
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Introduction  
Each organism is characterised by a distinct gene interaction network. While experimental data on 
the connections in this network are not so widely available, a lot of knowledge on the genes can be 
easily obtained by combining data from various public databases.  Is it therefore possible to predict 
the interaction of two genes based on different gene properties? A support-vector-machine was 
trained to learn the difference between pairs of interacting genes and pairs of non interacting genes, 
in both genetic and protein-protein interaction networks. The features used in the classification task 
are a combination of experimental data from our lab and information available in databases. This 
approach allows us to identify important gene features and their correlations, unifying all available 
data.  
 
The data 
Various types of interactions were considered:  

�  Genetic interactions (phenotypical enhancement/suppression, synthetic lethality/growth 
defect) 

�  Physical protein-protein interactions 
The data were downloaded from the BIOGRID database for experimentally validated genetic 
interactions for S. pombe and for protein-protein interactions in S. pombe and S. cerevisiae. The 
protein interactions were mapped from S. cerevisiae to S. pombe through orthology.  The following 
data were collected for each gene or pair from the GeneDB database:  

�  Physical parameters (position on chromosome, length of ORF, etc …) 
�  Protein information (mass, isoelectric point, amino acid composition, Nitrogen and Sulphur 

content, etc…) 
�  Sequence information (UTR length, mRNA levels, etc …)    
�  Transcription factor information 
�  Experimental data (correlation of expression under various conditions, Pol II occupancy, etc 

… ) 
�  Inclusion in lists for conservation, functional relationships, GO Slim categories etc… 

 
 
Preliminary results: 
The classification between connected and disconnected pairs for genes that have interactions in the 
documented data has an accuracy >65% for genetic interactions and >85% for protein-protein 
interactions. Some of the important features for the classification are expression correlation, the 
number of introns, relative PolymeraseII occupancy, etc... for the genetic interactions, and 
expression correlation and amino acid content for the protein-protein interactions.  
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Introduction  
We study dynamic phenomena in a large social network of nearly 3x104 individuals who interact in 
the large virtual world of the Massive Multiplayer Online Role Playing Game (MMORPG). On the 
basis of a database received from the on-line game server, we examine the structure of the 
friendship network and human dynamics. To investigate the relation between networks of 
acquaintances in virtual and real worlds, we carried out a survey among the players. We show that 
even though the virtual network did not develop as a growing graph of an underlying network of 
social acquaintances in the real world, it influences it. Furthermore we find very interesting scaling 
laws concerning human dynamics.  
 
 
Results 
Our research shows how long people are interested in a single task and how much time they devote 
to it. Surprisingly exponent values in both cases are close to minus one. On the basis of playing 
time, we calculate the activity of individuals, i.e. the relative time daily devoted to interactions with 
others in the artificial society. It has often been assumed in models of dynamic phenomena in 
complex networks that the intensity of interactions with others is the same for each individual. Our 
research shows that the distribution of activity is not uniform, is highly correlated with the degree of 
the node and that such human activity has a significant influence on dynamic phenomena, e.g. 
epidemic spreading and rumor propagation, in complex networks. It has turned out that an epidemic 
spreads faster and for a large range of values of the control parameters the magnitude of an 
epidemic is greater in the case of a real distribution of activity, as a result of the presence of very 
active super-spreaders (individuals with a high degree and a large value of social activity) in the 
social network. Moreover rumor propagation in a real social network has been investigated 
numerically. We studied two different interactions rules: (1) spreaders become stiflers as a result of 
interactions with other active individuals, and (2) spreaders become stifler if they encounter other 
spreaders or stiflers. For both interaction rules the influence of a real distribution of activity is the 
same. In contrast to epidemic spreading, rumor propagation is slower and for a vast range of values 
of control the final number of individuals affected by the rumor is lower. We have found that taking 
into account a real distribution of social activity speeds up epidemic spreading; however it 
decreases rumor propagation. Our results indicate that the influence of human social activity on 
dynamic phenomena in social networks significantly depends on the types of phenomena and 
interaction rules involved. 
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Introduction 
The cyberspace can be understood as a complex  system of human actions,with one very popular 
kind of this activity  corresponding to the information search in this virtual world.  The set of web 
pages we choose, the browsing art, and the time we spend reading the contents reflects our pastime 
habits and interests in the real world.  
To study this issue we used the data from Polish portals, and considered the behavior of a user on a 
Web page. Our analysis is based on cookie statistics provided by Gemius company. For example 
the biggest Polish portal consists of  515 sub pages which are visited  by 4 millions  cookie users 
during one day. 
 
 
Results 
We  constructed a weighted network of  sub pages  defining  link weights   as the number of users 
moving from one sub page to another. The weights distribution is a power law with characteristic 
exponents 1.45 - 1.65. We observed the traffic at the  portal and we learnt about  habits and patterns 
of behaviour of internauts by the analysis of network properties.  
 
Our data contains also the information about the time spent by a user on various sub pages. We 
investigated the distribution of total time a user spent on the  portal, and the distribution of times 
spent on one sub page. This distribution  is a power law  with exponent 1.19 for small portal and 
1.31 for the biggest Polish portal over two decades.  We  also examined   properties of  partial time 
distribution. A partial time is the time the user stayed on one sub page normalized by the total time 
spent on the portal for this user. The distribution  of  partial times is a power law  with exponent 
1.10 for the first  and 1.13 for second portal. On the other  hand we observed an exponential  
distribution of number of different pages visited by a single user.  
 
Discussion 
Scaling behavior of user at the portal is independent  from the structure of the network. We 
constructed a model explaining some of the features observed at sub pages networks. 
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Many natural phenomena can be described as weighted networks, which are networks where the links 
between the vertices are represented by real numbers, the weight, which quantifies the intensity of the 
relation between the vertices. To characterise weighted complex networks, it is common to use measures as 
the vertex degree that counts the number of nearest neighbours of a vertex and the strength that is the sum of 
the weights of the links belonging to a given vertex. Scale-free weighted networks often display scale-free 
behaviour for the degree, the strength and the weight distribution.  In this work we study the linguistic 
network derived from the novel by Herman Melville, Moby Dick. A novel can be represented as a multi-
directed Eulerian network, based on the relation of adjacency, where the tokens of the novel, words and 
punctuation, are the vertices, and two vertices are linked if the tokens they represent are adjacent in the text. 
In this case the weight of the links represents the integer number of times two tokens are connected in the 
text.  
Via a shuffling algorithmic procedure we found that the scale-free degree distribution in the considered 
network is implied by the scale-free strength distribution and that the vice versa doesn’t hold. Since the scale 
free strength distribution is invariant under the permutation of the elements of the systems, we can conclude 
that the scale-free degree distribution is not necessarily the signature of first order correlations in the system, 
but merely a result of the frequency of the elements of the system. In fact if we shuffle the tokens of the 
novel, or the authors of a co-authorship network, the scale-free behaviour of the degree distribution is 
preserved. 
We also demonstrated that the scale-free weight distribution is an outcome of the scale-free strength 
distribution and that the vice versa doesn’t hold.   
Then, to characterise first order correlations we introduce a new measure, the vertex selectivity ie , defined as 

the strength is  of the vertex i divided by its degree ik ,  
i

i
i k

s
e º .   We show via empirical tests and 

stochastic simulations that this measure can effectively characterise the differential relations between 
different elements of the network, enlightening the behaviour of the so-called morphological structures of the 
system. This measure regularity is highly affected by the shuffling procedure, showing that it is not a simple 
outcome of the frequency of the elements of the system.  
The same procedure applied to measures of second order correlations reveals non-trivial outcomes regarding 
the clustering coefficient and the average nearest neighbour degree. In fact we show that disassortativity is 
preserved in the shuffling procedure for the linguistic network, while assortativity of the co-authorship 
network is lost in the shuffling procedure.  
The results are then tested and confirmed on a scientific collaboration network and on artificial ad-hoc 
models. 
 
Acknowledgement 
We thank the European Union Marie Curie Program NET-ACE (contract number MEST-CT-2004-006724) 
for financial support. 



NetSci’08 - International Workshop and Conference on Network Science and Its Applications 
23-27 June 2008, Norwich Bioscience Institutes, UK 

 
THE ROLE OF SECOND TRIALS IN INFORMATION DIFFUSION OVER NETWORKS 

 
C. de Kerchove, G. Krings, R. Lambiotte, P. Van Dooren and V.D. Blondel 

Université catholique de Louvain, Department of Applied Mathematics 
 
 
 
The propagation of information in social networks has been studied intensively in the last few years 
and has several practical applications, for instance in the modeling and the optimization of viral 
marketing. One of the most common propagation models is the Independent Cascade Model (ICM), 
where information spreads like a virus over the network. When a node becomes infected, it tries to 
infect all of its neighbours once and is successfull in doing so with the probability p for each of 
them. This model is directly related to the SIR model of epidemiology but it does not incorporate 
properties specific to the propagation of information, such as the “memory” of people, namely the 
fact that their probability to adopt a new opinion/product depends in a non-trivial way on the 
number of times they have been contacted. 
In this paper, we develop a simple model that incorporates memory and we analyse how this feature 
influences the spreading. This model is a direct extension of the ICM where each node is either 
infected (state 1) or susceptible (state 0). At each time step, newly infected nodes try to propagate 
the infection to their neighbours. These become infected with probability p1 if they are attacked by 
an infected node for the first time, and with probability p2 otherwise. The spreading starts from one 
randomly chosen node and it is said to lead to an epidemic outbreak if a significant fraction of the 
whole network is asymptotically infected. We are interested in the epidemic tresholds (p1, p2) that 
delimit damping and outbreak regimes. 
In the case of Erdös-Rényi networks, the problem is equivalent to a classical percolation problem 
on the network with probability p1. The critical value of p1 is therefore 1/davg with davg the 
average degree of the network. If p1 exceeds this value, the infection has a non-zero probability to 
reach a significant fraction of the network. The influence of p2 on this kind of networks is more 
quantitative: if the value of p1 is high enough to trigger a large cascade, the value of p2 will control 
the size of the cascade; higher values of p2 induce more infected nodes. On a one-dimensional 
directed regular lattice, the condition for an epidemic outbreak is given by p1 = 1 if p2 < 1, and p2 = 
1 if p1 < 1 and if at least two adjacent nodes are infected from the beginning. This is due to the fact 
that directed edges in triangles make consecutive double attacks possible, and hence p2 = 1 
guarantees the survival of the infection even if p1 = 0. 
In the case of small-world networks (obtained by redirecting at random a fraction of edges of a 
regular lattice) the critical values of p1 and p2 are varying in a non-trivial way between those 
obtained for a random graph (when all edges are redirected), and those obtained for a regular lattice. 
This work shows that triangles and, more generally, dense parts of a network play an important role 
in the diffusion of information, since they increase the number of paths to each node and hence also 
the probability of a second attack. Therefore such parts of the network are more sensitive to the 
local accumulation of (even unsuccessful) contacts, which we took into account with the parameter 

p2.
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Results of large-scale social network studies are directly applicable to enhancing company 
performance, since for firms operating in the knowledge-based economy, optimal operation of the 
company depends on the efficient operation of its underlying social network. 
 
With the cooperation of the Hungarian branch of a European multi-national financial company, we 
have collected data on the social network of the employees using questionnaires. We have explored 
the overlapping communities of this network with the original CPM algorithm, and with a slightly 
modified version which assigns previously unaffiliated nodes to the closest communities. 
 
As we had access not only to the social network, but also to data about the company's hierarchical 
structure, we also investigated the relationship between known (e.g. hierarchical) features of the 
company structure and the structure detected in the social network. 
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Introduction 
We collect empirical data sets to study the evolution of complex networks. The datasets include the 
coauthorship relations of scientists working on the subject of complex network and string theory, 
respectively, and the word collocation data from infants. The dataset for a coauthorship network of 
scientists working on the complex network is over 115 months, and most importantly, spans from 
the initial point of its evolution till today. The other datasets are also available from the beginning 
of the evolution, providing us with the unique opportunity to study the complete trajectory of 
complex network evolution from the seed. 
 
Results 
Based on the statistics of evolution rates of various types of edges obtained from the empirical data, 
we find that growth of largest cluster of the coauthorship network is made by the continuous 
aggregation with finite clusters during the whole period of evolution. For the word collocation 
network of infants, however, the largest cluster grows incrementally but dominantly, without 
developing finite clusters. 

The largest clusters of the coauthorship networks form tree-like structures in the early stage 
and large-scale loop structures follow in later time. The largest cluster of the word collocation 
network, on the contrary, rapidly evolves into a dense cluster with excessive links and ultra-short 
diameter. 

We can detect the transition from the tree-like structure to a large-scale loop structure by 
measuring the fluctuation in the diameter of the giant cluster. In tree-like structures, the diameter of 
the giant cluster can be curtailed abruptly even by emerging of only one link between nodes in long 
distance and it can be expanded abruptly by cluster merging. Thus, although the number of nodes in 
the giant cluster of the coauthorship networks grows in a relatively gradual manner, the fluctuation 
in the largest-cluster diameter is significant. 

Following such empirical results, we construct a simple model for the coauthorship-type 
networks to pinpoint the origins and major driving forces of the observed non-trivial evolution 
pattern. The model has a key ingredient of the so-called locality constraint, motivated by the 
empirical finding that most of the new links in the real networks are created between nodes in short 
distances and new links which connect nodes in long distance are created rarely. Imposing the 
locality constraint, the model reproduces the observed evolution pattern of the coauthorship 
networks. 
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Abstract 
Recently, a community detection method based on the local optimization of a fitness function was 
proposed. This method grows communities by subsequently adding nodes to the group, which give 
the highest contribution to the fitness. The approach enables the nodes to appear in more than one 
communities, thus overlaps between communities can arise. Furthermore, a natural parameter a can 
be introduced to control the resolution, which enables to identify hierarchies of communities. The 
method can be applied to study weighted networks. 
The word association network extracted from the South Florida Free Association Norms dataset is 
investigated here, in order to reveal some properties of the fitness-based communities. An 
undirected network is constructed based on the associations, where the weights of the links are 
identified with the frequency of connections. The community structure obtained shows a tendency 
to build the groups around hubs, as can be seen for example from the degree dependent overlap 
statistics. When the parameter a is tuned, configurations of the larger groups show stability to some 
extent. Due to the large fluctuations in the small modules community spectroscopy, a tool to 
identify robust groupings can only be applied for large enough modules. At a critical value of the 
parameter a, a percolation transition of the communities appears. Statistical properties of the 
community structure are compared to the ones of the basic null models.   
 
Acknowledgements 
Partial support by OTKA grant K60456 and the sponsorship of Microsoft are acknowledged. 
 



NetSci’08 - International Workshop and Conference on Network Science and Its Applications 
23-27 June 2008, Norwich Bioscience Institutes, UK 

 
SYSTEMIC APPROACH TO THE MANAGEMENT: A REAL CASE ST UDY 

G.Maci1, D.Lepore2, S.Pagano1 and G.Siepe2 
 

1Dip. di Fisica, Università degli Studi di Salerno, via S.Allende, 84081 Salerno, Italy 
2Novamerican Steel Inc., 1050 University Avenue Norwood, Massachusetts, USA, 02062. 
 
 
Recent studies of complex networks have led to a better understanding of highly complex 
environments in biology and technology, and phenomena of social interaction. Principles from 
statistical physics have been applied to the analysis of these networks, thus revealing structural 
statistical properties that facilitate their understanding in terms of dynamics, functioning, and 
robustness. 
In this study, are being analyzed interconnections within the network of an American multinational 
company, Novamerican Steel Inc. In this company where a systemic approach to organizations as 
complex systems is being implemented using “The Decalogueä. methodology [1], that combines the 
systemic approaches introduced by W. Edwards Deming [2] and Eliyahu Goldratt [3]. It will be 
shown how, by focussing attention on one point of a complex network, i.e. the constraint, it is 
possible to optimize the achievement of the goal of the system. 
Within this vision of an organization, the main characteristics that give structure to a company 
network are: a systemic approach, interdependencies among departments and people, capitalization 
on the results of interaction among individuals, sharing goals, eliminating local optima, changing 
the measurement system, and understanding the intrinsic variation of the system. The new 
measurement system used is based on the concept of “Throughput” (i.e. sales minus totally variable 
cost). This is related the speed with which cash flows through the system, and therefore to the 
capacity of the system to create value. This concept strongly conflicts with that of cost accounting. 
It thus destroys a paradigm and creates a new one based on a new vision of how value is generated. 
It will be illustrated how, as a consequence of the new approach, this organization is making a 
significant transition from a traditionally hierarchical company to a fully systemic organization and 
how statistical process control [5] plays a fundamental role in measuring and understanding the 
intrinsic variation in the system. The transition from the hierarchical/functional model to the 
organization as a system is achieved by substituting hierarchy and functions with a network of 
projects. Each project is managed using a systemic algorithm, called “critical chain”[4], that 
represents the “constraint” in the context of network of projects. 
 
Acknowledgement 
G.M. thanks Novamerican Steel Inc. for financial support 
 
References 
[1] D. Lepore, O. Cohen, (1999): The Decalogue, North River Press, Great Barrington, Mass. 
[2] E. Deming (1982): Out of the Crisis. Massachusetts Institute of Technology Center for 
Advanced Engineering Study, Cambridge, Mass. 
[3] E. Goldratt (1992): The Goal. North River Press, Great Barrington, Mass.; E. Goldratt (1994): 
It’s Not Luck. North River Press, Great Barrington, Mass. 
[4] E. Goldratt (1997): Critical Chain. North River Press, Great Barrington, Mass.; 
[5] D. J. Wheeler (1994): Understanding Variation. SPC Press, Knoxville, Tenn.(1994); D. J. 
Wheeler (1995): Understanding in Statistical Process Control. SPC Press, Knoxville, Tenn. 



NetSci’08 - International Workshop and Conference on Network Science and Its Applications 
23-27 June 2008, Norwich Bioscience Institutes, UK 

 
EVOLUTION OF A LARGE ONLINE SOCIAL NETWORK: A TRANS ITION FROM 

REALISTIC TO VIRTUAL WORLD 
 

Haibo Hu and Xiaofan Wang 

Complex Networks and Control Lab, Department of Automation, Shanghai Jiao Tong University, Shanghai 200240, 
China hbh@sjtu.edu.cn, xfwang@sjtu.edu.cn 

 
 
Introduction  
In the past few years the WWW has undergone a landmark revolution from the traditional Web 1.0 to Web 2.0 
characterized by social collaborative technologies, such as social networking site (SNS), blog, Wiki, folksonomy and 
Instant messaging. The online social networks (OSNs), constructed from the SNSs and embedded in Cyberspace, have 
attracted attentions of researchers from different disciplines. SNSs provide an online private space for individuals and 
tools for interacting with other people in the Internet. Thus the research on statistics and dynamics of these OSNs are of 
tremendous importance to the understanding of human behaviors in virtual space (Licoppe et al, 2005).  
 
In this work, we focus on a large SNS-Wealink, which is one of the largest Chinese professional SNSs at present. We 
investigate structural evolution of the network in detail and find some interesting evolving properties. We also reveal 
the difference between real life and online social networks.  
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Fig.1. (a): Growth of the number of nodes node( )N T  for the OSN. Circles indicate the total number of nodes at T  and 

crosses the number of new nodes at T . Solid lines are the fitted curves by Bass diffusion equation. (b): Evolution of 
degree assortativity ( )r T  for the largest connected component of the OSN over time. 
 
Results 
The main structural evolving properties of the OSN are summarized as follows: 

�  The scale growth of the OSN shows non-trivial S shape (Fig.1(a)), which provides an empirical exemplification 
for Bass diffusion model (Bass, 1969). 

�  The evolutions of network density, clustering, heterogeneity and modularity show non-monotone, complex 
feature, and shrink phenomena occur for the average path length and diameter of the network, which cannot be 
illuminated by the existed network models. 

�  In particular, the OSN underwent a transition from degree assortativity characteristic of realistic social networks 
to degree disassortativity characteristic of virtual OSNs (Fig.1(b)). 

 
Our research demonstrates the self-organizing structural and evolving characteristics of the OSN embedded in WWW. 
 
Discussion 
It is interesting that the scale growth pattern of the OSN shows S shape. It is well known that S-shaped curve is the 
heart of many diffusion processes and is characteristic of a chain reaction. If we view membership and friendship in an 
OSN as a “behavior” that spreads through individuals, the S shape shown in Fig.1(a) can provide an empirical 
exemplification for Bass diffusion model. 
 
In the early stage mass media inform and influence opinion leaders, and they decide to join the OSN independently of 
the decisions of other individuals in a social system. In the later stage, registered users influence and persuade potential 
users in their communities, of the benefits associated with the join in the OSN. People contaminate their contacts, who 
contaminate their contacts in the next step, and so on, which leads to the S-shaped growth pattern of the OSN.  
 
Another interesting phenomenon on the OSN is the transition of assortativity, which discloses the difference between 
real-life and online social networks. Many OSNs show disassortative mixing feature, which is in stark contrast to the 

a b 
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significant assortative mixing for real-life social networks. The degree assortativity in the initial stage is due to the fact 
that usually the relations in Wealink are based on real-life interpersonal relations. In this case the Wealink network 
directly inherits the assortative structure of the underlying real-life social network. 
 
The reasons for the emergence of obvious degree assorativity for real-world social networks are miscellaneous. In real 
life everyone would like to have intercourse with elites in a society; however the elites would rather communicate with 
the people with the same social status, which may lead to the assortative mixing pattern in the real-world social 
networks. For professional collaborations, such as scientific, actor, and business collaborations, the already big names 
preferably collaborate with other big names for success, reputation, influence and status (Holme et al 2004). OSNs 
break the invisible boundary among different communities or social estates in a society, which may lead to the degree 
disassorativity of OSNs. 
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Transport on complex networks has been attracted intense attentions by many researchers. In this 
subject, the most focused theme is how to improve transport performance, i.e., enhancing the 
number of packets. Transport capacity depends on many factors, network structure, routing 
protocol, queuing protocol and so on. Among them, we focus on the queuing protocol. Many 
previous works were carried out under queuing protocols ‘First-in-First-out’ (FIFO) and ‘Last-in-
First-out’ (LIFO), but there are few works under the priority queuing protocol, which is focused 
recently. We study effects of priority-based queuing protocol on packet transport by introducing a 
simple two state priority model. In this model, a packet is generated with probability q at each node 
and each time step and sent to a randomly selected target, traveling along the path guided by the 
dynamic routing protocol, which reflects jamming effects. A fraction f of those packets are tagged 
as priority-assigned, and the others are not. In the queue, packets with priority are sent first than 
those without priority, while those of the same type are served under the FIFO protocol. We 
observe that the jamming transition point q1 for priority-assigned packets is extended according to 
the relation, q1 f = q0 under the priority-based protocol. We also observe that the traffic for all 
packets can be improved in the congested phase under the priority-based protocol, while the 
jamming transition point for those is reduced. These imply that adaptation of priority-base protocol 
is useful when the network lies in the congested state, but not when the network lies in the free-flow 
state. In addition, we observe the waiting time distribution of packets and power spectrum of the 
number of packets in the network. The waiting time distribution follows an exponential and a power 
law in free-flow state and near the jamming transition point, respectively. 



NetSci’08 - International Workshop and Conference on Network Science and Its Applications 
23-27 June 2008, Norwich Bioscience Institutes, UK 

 
SIMPLIFYING LARGE COMPLEX NETWORKS VIA CONSERVING P ATH DIVERSITY  

 
L. Liu and R. J. Mondragón 

Dept. of Electronic Engineering, Queen Mary University of London, Mile End, London, E1 4NS, UK 
 
Introduction  
Modelling the fine granularity dynamics in large complex networks (e.g. Internet) is difficult due to 
the sheer size of the network. Here we present a method to simplify large networks by conserving 
the number of alternative paths or cycles, as in many networks the resilience of the network is 
related to path diversity. 
 
The simplification from the original network to a smaller network is done by node contraction. A 
set of nodes is contracted to a single node called super-node, if they do not introduce multiple links 
in the contracted network. We refer the procedure of contracting all the nodes of the network as 
deforestation and the contracted network as the skeleton network. The skeleton network consists of 
super-nodes and original nodes. The number of nodes and links, and their connectivity are not 
unique in the skeleton network; they depend on the order in which the nodes were contracted. The 
skeleton network consists of only cycles, the majority short cycles.                     

Results 
A typical example of the network simplification, in this case, the Internet Autonomous System (AS) 
network, is shown here. As expected, the network size is simplified by half; which originally has 
11,174 nodes and 23, 409 links, but now reduced to 5,247 nodes and 17,482 links. The cyclomatic 
number of the original network and the skeleton network are the same. 
 
The skeleton network also shows the characteristics of the skeleton network when the original 
network is a power-law network. Comparing the degree distribution between the original network 
and skeleton network, in both cases the distribution decays as a power law. Interestingly, the 
number of the nodes inside the super-nodes also scales as a power law. This could have 
implications when modeling the dynamics of the network. Moreover, the maximum node degree 
contained in a super-node is related to the degree of that super-node, showing that there is a strong 
correlation between the original network and the skeleton network. 
 
We have observed similar characteristics in other large power-law networks. 
 
Discussion 
The deforestation produces a smaller network with the same number of cycles; however the reduced 
network is more densely connected than the original network. The super-nodes can be considered as 
communities, and we expect that the power law scaling of the super-nodes size will be reflected in 
the dynamical properties, e.g. load, flows, etc. The deforestation procedure also generates short 
cycles (i.e. all possible triangles) in the skeleton network, from which the cycle basis can be 
extracted, and hence many other relevant properties of the network can be studied. 



NetSci’08 - International Workshop and Conference on Network Science and Its Applications 
23-27 June 2008, Norwich Bioscience Institutes, UK 

 
STRUCTURE AND EVOLUTION OF THE BRAZILIAN AIRPORT NE TWORK 

 
L. E. C. da Rocha 

Department of Theoretical Physics, Umea University, Umea, Sweden 
 

I. INTRODUCTION 
Infra-structure networks have strategic relevance to underlie transport processes such as disease 
spreading, smuggling and immigration. The aviation sector has special importance because it 
provides non-trivial fast connections between distant places. The analysis of the Brazilian airport 
network (BAN) is of interest because Brazil is a developing country with an extended area. The 
natural relation between origin and destination can be directly translated and investigated by using 
the complex network framework. Although the structure of airports networks have been addressed 
before at the world and national scales, it is argued that to a good approximation the structure is 
static during short periods of time. However, the high sensibility of the aviation sector to economic 
fluctuations suggest that over the years, re-routing is necessary to keep the business profitable and 
to follow governmental policies. 
 

II. RESULTS 
It was observed that the BAN undergone structural changes during a 12-year period. The number of 
airports and routes decreased, but maintaining a reasonable constant average degree. Although the 
degree and betweenness distributions followed power-laws with exponential cutoffs for all years, 
the functions parameters varied with time indicating changes in the internal structure. The absolute 
number of small cycles decreased, but in comparison to the randomized version of the network, this 
number oscillated in the first years and kept constant afterwards. The average betweenness grew 
step-wise with a large jump in the last year. The relevance of some airports change during the 
period, with some airports being more central (degree and betweenness centrality) while others 
became peripheral. 
 

III. DISCUSSION 
The evolution analysis showed that the number of airports and routes decreased, but the number of 
passengers and the amount of cargo carried in the period over duplicated. It means that companies 
succeed in concentrating the flights on the most profitable routes, increasing the number of 
connections on specific routes and ceasing the operation of other ones. These re-routing can be an 
effect of governmental policies as well as economic fluctuations. 
As a consequence of the re-routing, it was observed an increase in the average betweenness and in 
the degree entropy, which indicate that the network itself became more vulnerable to targeted 
attacks as well as random failures, being the targeted attacks the most effective due to the skewed 
nature of the betweenness. 
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Introduction  
Bipartite network is an important kind of complex networks. In fact, many real-world networks display a natural 
bipartite structure. These networks are also called 2-mode networks or affiliation networks when they represent groups 
and actors. Following the relationship of two sets of nodes, we consider that bipartite networks should be separated into 
two types of networks, dependence networks and independence networks. In dependence networks, two sets of nodes 
are dependent. The groups are the aftermaths of the behaviors among actors. Examples of the dependency networks are 
the actors-films network, where a film is a production of the cooperation among actors, the papers-scientists network, 
where some scientists coauthor a paper. The independence network is opposite with the dependence network, two sets 
exist independently. Example concludes the booker-reader network, where the books always are as the resource in 
library whatever the readers do. We collect different types of real world data and build them to complex bipartite 
networks. By analyzing these bipartite networks, we find the actors nodes have scale-free property in the dependence 
networks, and there is no accordant degree distribution in the independence networks for both two types of nodes.  
Now many real world networks have been analyzed as one mode networks, and been found that have the scale-free 
property. However most of them have not been done on the generation of complex networks with the scale-free 
property expressed by bipartite graphs. In order to generate a complex network of bipartite graph with the scale-free 
property, some works (Ramezanpour, 2004; Ramasco et al, 2004; Guillaume et al, 2004) have applied a rule, which is 
based on the concept of the preferential attachment proposed by Barabási and Albert (Barabási, 1999), to their bipartite 
models. Here we propose two growing models for the dependence networks without preferential attachment and also 
obtain the scale-free property which appears in real dependence networks.  
 
Results  
We propose two growing models without the preferential attachment principle to obtain that the actors’ degree 
distributions generally follow a power law. To be concrete, we will describe the developments in terms of authors and 
papers, but our results are applicable to any real bipartite networks and generated networks. The first growing bipartite 
network model (Model 1) is defined by the following rules:  
(1) At each time step a new paper with n authors is added.  
(2) In these n authors, there is one author is new with probability� , or not in this time step.  
(3) The rest n-1 or n authors are chosen from the pool of "old" authors. The rule follows: randomly select an old 
existing author, every other author is randomly selected from its mth nearest neighborhoods.  
The first two steps of the second model (Model 2) are the same as the first one. The big difference between them is the 
rule of selecting the rest authors.  
(3) The rest n-1 or n authors are chosen from the pool of "old" authors. The rule follows: randomly select an old 
existing author, every other authors is selected by random walk from it by m steps.  
where the parameter �  is a constant. The number n is a random number gotten from 1 to max

_n
. The number m is also a 

random number gotten from 1 to max
_m

. max
_n 

and max
_m 

are two constants.  

We proceed to compare the empirical data on Econophysicist network, Complex-networks networks, Coauthoring 
network with numerical simulations of two models where parameters are max

_n
=5, � =0.8, max

_m
=2.  
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Introduction  
SDH (Synchronous Digital Hierarchy) is the standard technology for the information transmission in broadband optical 
networks. SDH allows the transport of many types of traffic, such as voice, video, multimedia and data packages as 
those generated by IP. 
Applying tools of complex systems theory many natural and man-made networks have been studied during the last 
decade. Notably among these, the Internet network has been studied exhaustively [1] and the results have shown similar 
structural traits with regards to natural networks: a high heterogeneity in the node connectivity degrees and the so-called 
small world properties. 
Unlike the Internet, whose growing dynamics are essentially local and uncoordinated, SDH networks are strictly 
planned; rings, meshes, stars or tree-branches topologies are designed to connect their basic elements (optical systems, 
terminal multiplexer, add-drop multiplexer and digital cross-connect).  
In order to investigate the topological traits of SDH networks, in this study we present a empirical analysis of the 
topology of the entire SDH network operated by Telefónica in Spain. 
 
Results 

 
Fig.1 Degree distribution P(K) for the principal SDH provinces networks of Spain. The red line corresponds to the 
power-law fit (R2~0.95 for all cases). 
 
We have found that the SDH network displays a power-law scaling in the degree distribution P(K)=K-�  both at the 
national and provincial levels. The empirically obtained scaling exponent is �� 2.51 for the entire Spanish SDH network, 
while the exponent is � =2.04 on average for the largest province sub networks (Fig. 1). Our results are in good 
agreement with previous studies for the British SDH network [2]. The Spanish SDH network also displays small world 
properties [3] with mean clustering and path length equal to 0.04 and 11.35 respectively, similar to the Internet routers 
network in 2000 [4]. The provinces subnetworks show similar traits with regards to such properties. 
The topological structure of the real SDH network can be reproduced by a dynamic model based on real planning (Fig. 
2). 
 

 
Fig.2 Degree distribution P(K) for a real SDH network (red) and a network generated by the model (black). Both 
networks have a similar size (N� 5000). 
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Discussion 
Besides the strict network design, other factors such as the geographical demand of the users, the costs associated with a 
link to a new node and the heterogeneity of these nodes may contribute to the complexity observed.  
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Introduction  
 Every day, many customers buy many kinds of products like books, CD, and DVD etc, at online 
stores. Then, the companies often have giant data stock of the transactions. The data are important 
from the viewpoint of business, because the company can get the chance to know the hidden laws in 
the market and to let the product sell more. In academic viewpoint, the data is also important 
because it is able to become a clue to understand the complexity of the market. The main issue is 
what kind of order is emerged as a result of compiling the customers’ actions? For the purpose, we 
visualized and analyzed a co-purchase network as an order of the market, with using the real market 
data of CDs, which is collected by the online store “Rakuten Books” (http://books.rakuten.co.jp/), 
which is one of the biggest online stores in Japan. Note that this research was done as an analysis by 
Rakuten Institute of Technology, and the data do not include any personal information. 
  
Results  
We visualize co-purchase networks in order to grasp the relations among CDs, which represent the 

order from the bottom-up. The data we use is the real market data of 30,000 customers at Rakuten 
Books by picking up at random. The target term is from April, 2005 to May, 2007. The co-purchase 
network is compiled by the following way. We describe a node A if there is the product A is 
purchased by the target customers. Then we describe an edge to connect node A and node B if the 
product A and the product B is purchased by a customer. For describing the edge, we try two types 
of connection method: “full connection” and “sequential connection”. In the former method, all the 
nodes which user bought connect each other. In the latter method, nodes connect as the sequential 
order of user bought. It means that an undirected graph is generated by the former method and a 
direct graph is generated by the latter.   
  These networks include many nodes and edges. For instance the network has 2014 nodes and 4923 
edges in the case of cutting off customers purchasing one product only from 30000 users. And our 

analysis contains some kind of network indicators of the networks, including node degrees, the 
diameter of a network, the average number of neighbors, average clustering coefficients, and 

shortest path lengths etc. In addition, we refer the spreading of network at the view point of degrees. 
Based on the findings of our study, we would like to understand dynamics of the network from the 

bottom-up.
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Introduction  
In this research, we visualize and analyze the co-purchase networks of DVDs in order to understand 
the hidden relationship of respective DVDs in the Japanese online market. In the network, a node 
represents a DVD or a DVD-box, which means a set of DVDs, and the nodes are connected only if 
they are purchased by same customer. The source data of the network is collected by the store 
“Rakuten Books”, which is one of the biggest online stores in Japan. The data we visualized are an 
extraction of 30,000 people from customers of the online store at random. Note that this research 
was done as an analysis by Rakuten Institute of Technology, and the data do not include any 
personal information. 
 
 
Results 
From this research, we visualize the relationships of the DVDs, not only a series of products. We 
also found the products classification by customers’ choices. In addition, we draw the map of the 
products in the online market.  
For visualizing the network, we try two types of connection method: “full connection” and 

“sequential connection”. In the former method, all the nodes which user bought connect each other. 
In the latter method, nodes connect as the sequential order of user bought. It means that an 
undirected graph is generated by the former method and a direct graph is generated by the latter.  
In the co-purchase networks of DVDs, for example in the case of “full connection”, there are 3,118 
nodes and 21,234 links, and the network has two large components, some middle-size components, 
and a lot of small clusters or pairs of products. One of the large components is formed by cartoon 
films and SF films, and the other component consists of various products, which are connected by 
very famous films like a Hollywood films. This means that some famous DVDs connect a genre to 
another genre, like a bridge between genres. 
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Introduction  
Organizations or firms are not exempted from structural and economic effects of the interfirm 
networks in which they are embedded. For instance, bankruptcy avalanches (node failure) are 
extreme consequences of the transmission and accumulation of errors in organizational networks. 
Here we study empirically, analytically and through simulation, the much gradual process of 
contagion dynamics of errors in organizational networks. In particular, our focus is on the specific 
interfirm interactions along with the transmission effects that can increase the risk or probability of 
errors across the network. We draw on empirical data recording the failed and successful 
transactions formed by a shared process of production between designers and contractors in the NY 
garment industry network (>3000 firms and >50,000 interactions). 
 
Results 
We find that three key factors modify the probability and velocity of error transmission in 
organizational networks: 

�  The volume and frequency of transactions 
�  The availability of information in the network (global vs. local information) 
�  The level of interfirm cooperation 

By using controlled and experimental simulations, we show that transaction cost economic theory 

(TCE) accounts for the probability of findings failures in interfirm interactions ( )
ij

ij

ij

volume
P error

frequency
= ; 

however, TCE is less efficient at reproducing the transmission mechanism in the network. In 
addition, we go beyond the traditional (global) simulation approach used to simulate the 
transmission dynamics in social networks, and show that firms can follow different local 
transmission or cooperation effects that modify the vulnerability of interactions and the velocity of 
transmission. This is supported by simulations and analytical results. Finally, we find evidence that 
interactions between highly asymmetric firms considerably decrease the transmission probability of 
errors, which implies that interactions between firms with a high structural and economic 
differentiation can in fact enhance interfirm cooperation. 
 
Discussion 
We believe our findings can provide an important empirical and theoretical framework for future 
research on risk management and network dynamics. 
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Introduction  
In this research, we visualize a network of co-purchase books in order to clarify the hidden 
relationship in the book sale market. As the characteristic of the market, it is already known that the 
sales ranking follows power law in book sale market, which is also called as “Long-tail” 
distribution.  In the co-purchase network, a node represents a book, and the nodes linked each other 
is connected if they are purchased by same person.  The source data of the network is collected by 
“Rakuten Books” (http://books.rakuten.co.jp/), which is one of the biggest online book stores in 
Japan. The data that we use are an extraction of 30,000 people from customers of online shop at 
random. Note that this research was done as an analysis by Rakuten Institute of Technology, and 
the data do not include any personal information. 
 
 
Results 
For visualizing the network, we try two types of connection method: “full connection” and 
“sequential connection”. In the former method, all the nodes which user bought connect each other. 
In the latter method, nodes connect as the sequential order of user bought. It means that an 
undirected graph is generated by the former method and a direct graph is generated by the latter.  
As a result, we can visualize the rough sketch of the map of the products based on the choices by 
the customers. For an instance in the case of “full connection”, a lot of components are found in the 
co-purchase network, few large components and many middle-size and small components. The 
similarity among the books in the components is formed by same genre books. To see the network 
more concretely, the large components are formed by comics, law-books, X-rated books. It is 
supposed that the books which are not so much circulated in the market, or the books which have 
some mental difficulties to buy. These large components are connected to other components by 
famous books. This kind of books becomes a bridge which connects the some different genres 
components.
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Financial markets are highly complex and evolving systems and there exist broad connections between stocks and 
shareholders, stocks and funds, and so on. On the other hand, Complex Networks can well describe these kinds of 
connection. Thus, it can be better described by regarding stock market as a network. Several researchers have studied 
the stock market of NYSE from network perspective [1-4]. Some stock directed networks were also constructed from 
stock ownerships, which encoded the stockholders of a group of companies [5-7].  

Here we introduce a stock-fund bipartite network, where stocks and funds are represented as two different kinds of 

vertices. In this topological description, the in-degree( )in ik   is the number of funds investing in  i stock. The out-

degree( )out jk   is the number of stocks invested byj fund. Apparently, stocks have only in-degree and funds only out-

degree. 

In order to describe the feature of stocks or funds, a stock -fund bipartite network could be transformed into two one-
mode networks. In a stock-fund bipartite network, if a fund invests in two different stocks, a link will be created 
between these two stocks in the stock one-mode network, the link weight is calculated by the number of funds investing 
in both of these two stocks. The fund one-mode network is constructed in the same way and the link weight is the 
number of stocks invested by the two funds. [7] 

The data sets we analyze refer to 1428 stocks (“A” Share) invested in 2007 by 321 funds in Chinese financial markets, 
and 2210 common stocks and structured products invested in 2007 by 7608 mutual funds in New York Stock Exchange. 
 
At first, we analyze stocks’ in-degree, funds’ out-degree in these two markets by the bipartite network. We find the 
stocks’ in-degree distribution resembles a power law in these two markets. The scaling exponent of Chinese stocks is -
1.58, while that of NYSE stocks is -2.04. The funds’ out-degree distribution is also similar in two markets, showing 
drop-head power law.  

Then we analyze the link weight distribution in stock and fund one-mode networks. We find fund one-mode networks 
in both markets have drop-head power law distribution in link weight. The link weight of the stock one-mode networks 
in Chinese stock market also follows a power law distribution, but it obeys a drop-head power law distribution in NYSE 
market. The reason is still not clear, and deficient amount of funds in Chinese financial market may be an important 
factor.  

In the future we expect to explain why the frequency of link weight in Chinese A stock market displays different 
distribution from NYSE, and detect the community structure in these bipartite networks. As we know, NYSE is a 
developed financial market, while the Chinese financial market is developing. We also would like to study the 
differences between developed and developing markets. 
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Introduction  
In this research, we explored rules and diversities in Wikipedia’s growing patterns. Wikipedia is an 
encyclopedia on the Web. Wikipedia was formally launched on January 15, 2001, as a single 
English-language edition. Multi-lingual version was launched on May 20th, 2001. Japanese version 
was introduced, as well as the other languages, but it did not have the function to edit with Japanese 
letters. On September 1st, 2002, the official version of Japanese Wikipedia was released. Like 
ordinary dictionaries made from paper, articles are classified by categories. And, Wikipedia is 
becoming bigger and bigger compiled by a number of people. 
First, we analyzed the distributions of the frequencies of the linked words in several categories. The 
analysis gave a result that the distributions are raising to power law. But, the differences between 
the processes of growth still remain unclear. 
 
 
Results 
In this research, we explored the following points; (i) common rules running through the whole 
categories, (ii) a huge variety of individual growing patterns. 
To be more precise, we analyzed the annual changes in distributions of the frequencies of the linked 
words in Japanese Wikipedia articles. We used 19,425 articles in 368 categories during the five 
years from 2004 to 2008 as data. Then, we plotted the data into double logarithm graphs, and 
calculated coefficient of regression to formulate entire trends. Additionally, by using the regression 
coefficient as parameters, we made clusters on Self-Organizing Maps. Self-Organizing Maps is a 
kind of neural network. By enabling to map multi dimensional data into two dimensional data, it is 
often used to visualize higher-dimensional space. Analysis, using Self-Organizing Maps lead this 
research to find diversities in growing patterns of link words’ distributions. In addition, we find that 
there are correlations between growing patterns and Wikipedia’s categories. 



NetSci’08 - International Workshop and Conference on Network Science and Its Applications 
23-27 June 2008, Norwich Bioscience Institutes, UK 

 

FRAMEWORK FOR FAST IDENTIFICATION OF COMMUNITY STRU CTURES IN 
LARGE-SCALE NETWORKS 

 
Y. Leon-Suematsu1,2 and  K. Yuta1,2 

 

1National Institute of Information and Communications Technology, 2-2-2 Hikaridai, Seika-cho, Soraku-gun, Kyoto 
619-0288, Japan 
2Advanced Telecommunications Research Institute International. 2-2-2 Hikaridai, Seika-cho, Soraku-gun, Kyoto 619-
0288, Japan 
 
 
Introduction  
 
In recent years, the identification of community structures of networks is becoming an important 
tool for structural analysis of networks. The Internet allows us to interact in huge networks, for 
instance SNSs with over 10 millions users are not rare, such as Facebook and Orkut. One of the big 
challenges currently is the development of efficient techniques for identification of highly cohesive 
subgroups, called communities.  
 
Most of the faster algorithms are based on the Clauset, Newman and Moore (CNM) with O(nlog2n), 
which is an improvement of the original algorithm proposed by Newman that has O(n2). CNM 
mades possible to apply it to networks with sizes less than 500 thousand nodes. Then, Danon, Diaz 
and Arenas (DDA) made a modification to the CNM to improve the modularity while retaining its 
speed. Wakita and Tsurumi(WT) proposed some heuristics to improve the speed of CNM, but with 
compromises in modularity in their fastest heuristics. It should be noted that all these algorithms are 
used for undirected networks.  
 
Undirected networks allow its representation in symmetric matrices. There are two implementation 
frameworks, one for CNM and another for WT. Both of them basically uses a sparse matrix that 
store both symmetric values � Qij and � Qji, and keep them consistent at all times, which impact in 
the performance in both frameworks.  
 
In this work, we identify some inefficiencies in the data structure employed by those algorithms. 
We propose a new framework for the algorithm and a modification of the DDA to make it 
applicable to large-scale networks. For instance, the community extraction of a network with 1 
million nodes and 5 million edges was performed in about 14 minutes in contrast to former CNM 
that required 45 hours (192 times the former CNM, obtaining better modularity). 
 
The scalability of our improvements were evaluated by applying it to networks with sizes up to 10 
million nodes, obtaining the best modularity and execution time compared to the former algorithms. 
 


