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Abstract

Recently, rather than only researching the structural topology of complex
networks, more and more research has been done on the dynamical processes and
functions, and their interaction in the random, dynamic and nonlinear evolution of
complex networks. Research results show that many networks have wonderful similar
features, such as small-world features, scale-free features, high clustering and
community structures, navigability of complex networks, network robustness for
random attacks and frangibility for targeted attacks. But why real-world networks can
realize their functions with such high efficiency and how is the interaction between
network structure and network function promoting the evolution of the network? It is a
most important and challenging task in the future research of complex networks, and
it is also the ultimate aim of the research of complex networks. Based on this task,
in this bookr we deeply study network community structure and network robustness,
which are two hot topics in the research of complex networks and quite correlated
both with network structure and network function.

First, we propose a node-similarity based mechanism to study the formation-of
communities to explore why most real-world networks in various fields share a
universal topological property as community structure. In this mechanism, we apply
the concept of hidden metric spaces of complex networks. Based on the features of
network nodes in the hidden metric space, we construct an algorithm to detect
hidden communities of nodes in the space. By comparing this community structure
with that in the corresponding observed network, we find that the values of
modularity or fitness of these two kinds of community structures are very close,
especially for network fitness. The difference between the values of network fitness
for these two community structures are no larger than 0. 0002 with the probability of
more than 90% , no larger than 0.0005 with the probability of 100% , and the

signments of nodes for these two kinds of community structures detected based on the
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fitness parameter are matching with the probability of more than 95%. Our research
results imply that the potential similarity between nodes is largely a latent cause of
network communities. That is to say, because of the high or low similarity existing
between network nodes, communities would finally arise in most real-world networks
with the realization and evolution of network functions. By studying the relationship
between the clustering strength parameter in the hidden metric space model and
network modularity or network fitness, we find that strongly clustered networks
generally tend to have clear community structures. In addition, a well targeted
algorithm ( GAS algorithm) for detecting communities in high clustered networks by
presenting group action technology on community division is proposed. During the
processing of this algorithm, the underlying community structure of a clustered
network emerges simultaneously as the corresponding partition of orbits by the
permutation groups acting on node set are achieved. As the derivation of the orbit
partition, an algebraic structure r-cycle can be considered as the origin of the
community. To be a priori estimation for the community structure of the algorithm
the community separability is introduced to indicate whether a network has distinet
community structure. By executing the algorithm on several typical networks and the
LFR benchmark, it shows that this GAS algorithm can detect communities accurately
and effectively in high clustered networks. It is suggested that techniques in the
viewpoint of algebra can have a fresh light on detecting communities in conmplex
networks. Furthermore, for the first time, we propose a new network model to
characterize the states of city traffics ( congestion or free) based on the concept of
network community structure. The model is constructed based on the real-time data
from the Floating Car Data system of a city and with the floating cars as the network
nodes. By applying this model in the traffic of Beijing city, we find that the traffic
network of this city always has a Gaussian degree distribution at different times. After
computing the fitness values of the community structures of the Beijing traffic network
at different times, we also find that the network would have clearer community
structures when the traffic is congested than when the traffic is free. All these results
suggest that it is a feasible mechanism to explore the congestion problems of cities by

applying network community structures.

g<< 2 Iy



Abstract /{
i &N

Second, observing the critical roles of client demands playing in realizing the
functions of the real-world networks, we introduce the client demand into the research
of network robustness to study the realization of network functions after targeted attacks
on the networks. To reveal the correlation between the demands of network clients and
the safety and robustness of real-world networks, we propose a new definition of node
centrality by incorporating not only the topology and dynamics of the network but also
the demands of network clients. We evaluate this centrality as a proper index to
quantify the contributions of different nodes to ensuring acceptable and successful
transportation for different network clients, and to gives correct orders to nodes by
distinguishing node importance to different network clients. We study the distribution
of this centrality for kinds of network ensembles by simulations. Furthermore, since
targeted attacks on networks are generally based upon the importance order of network
nodes, we research node importance order in different networks according to this new
definition of node centrality. Simulation results show that node importance order in a
network may quite different for different network clients. That is to say, the vital
nodes in the network for the acceptable and successful transportation of different
clients may completely different. We clarify this both in artificial networks and in real-
world networks. Then the extent of the damage of a targeted attack on a network may
quite different for different clients. To realize the transmission functions of a network
to the full for network clients after the network is attacked, we could reduce _the
damage for the clients by adjusting client demands within their acceptable range. In
addition, according to the features of the diffusion processes on complex networks,
the dynamical generating function of the process is proposed, which deeply reflects
the basic characteristic of the process and is mutually decided with the dynamical
process. Based on the analysis of the dynamical generating function, dynamical
centrality is introduced for each node, which determines the relative importance of
nodes and exhibits the capability that a node collects and communicates information

with its neighbor environment over the network in the diffusion process.

Keywords: Network community structure, Hidden metric space, Traffic

congestion, Node centrality, Network robustness
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