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This edited volume covers the statistical

mechanics, the mathematics and numer-

ous applications of

a rapidly growing

new scientific disci-

pline: the physics

of networks. This

metaphor  relates

to the description

of the structure

and the dynamics

of complex inter-

acting systems oc-

curring in such diverse areas as physics,

biology, economics, ecology, sociology,

and computer science, to name but a few.
The volume grew out of an interna-

tional conference on dynamical networks

in complex systems held in Kiel in summer

2001. The book contains 16 chapters

written by the active players in the field.

The various chapters present a compila-

tion of up-to-date, timely minireviews

covering the rich and multifaceted diver-

sity of this area of complexity research.

The first four chapters focus on the

structure of networks and introduce the

reader to the different tools and methods

borrowed from statistical physics and

mathematics and being put to work for

this new discipline. The following five

chapters address specific themes of bio-

logical networks, and the remaining ones

cover a variety of interdisciplinary appli-

cations such as traffic, economics, food

webs, social networks, the Internet, evo-

lution of human language or the problem
of the origin of life. This list alone
demonstrates the fascinating character
of this new area of complexity research.

Although some well written and very
useful recent reviews on special aspects of
the field do already exist (see: R. Albert,
A.L. Barabasi, Rev. Mod. Phys. 2002, 74,
47 -97; S.N. Dorogovtsev, J. F. F. Mendes,
Adv. Phys. 2002, 51, 1079-1187) this
volume offers a rather broad view on
the rich diversity of the field; indeed it
provides the reader with an excellent
introduction into the science of networks,
namely the interplay of nodes (vertices),
links (edges) and corresponding degrees of
nodes (i.e., the number of links connected
to that node). This reviewer recommends
the interested reader to skip the very first
chapter in the book—which mainly lists
several mathematical results—but to start
directly with the instructively written
exposition by M. E.J. Newman in chapter
2 on "Random graphs as models of net-
works”. Here, the author introduces the
reader in a tutorial style to the network
jargon, does list the main results and also
discusses the main differences among
different classes of networks. Starting
from the pioneering work in the fifties
and sixties on random graph models by
Erd6s and Rényi, which are characterized
by a Poisson degree distribution p(k) for
the degree k, recent studies of real-world
networks such as the internet exhibit
quite a different behavior, namely pow-
er-law degree distribution P(k) ~ k=7; that
is, so-termed scale-free networks (Baraba-
si and Albert). Such a power law has
seemingly been observed much earlier:
As early as in 1926, A.J. Lotka observed
that the number of citations in the
academic literature follows a power-law.
Other differences with random networks
relate to the phenomenon of clustering,

net!

that is, the probability of two nodes being
connected by a link is higher when the
nodes in question have a common neigh-
bor (Watts and Strogatz). Loosely speak-
ing, it accounts for the phenomenon that
the "friend of your friend is likely also your
friend”. Moreover, the node-node dis-
tance increases rather slowly with the
number of nodes n, generally logarithmi-
cally, as is also the case for random
graphs, (small-world effect).

Clearly, the physics of real-world net-
works impacts several prominent issues
such as the spread of a contagious disease
(or a virus) in population and in computer
networks. In this context, it is particular
interesting to learn from chapter 4, by S.
Havlin and his collaborators, and from
chapter 5, by R. Pastor-Satorras and A.
Vespignani, that there exists a lack of
epidemic threshold (a percolation transi-
tion does not take place) in scale-free
networks with an exponent y < 3, such as
is the case for the Internet and the web of
sexual contacts. Put differently, these
scale-free networks are prone to the
persistence of diseases, whatever infec-
tive rate they may have. Thus, a computer
virus can practically never be totally
eliminated (unless one destroys essential-
ly all the nodes). Likewise, this branch of
networks constitutes a new class for
percolation theory with interesting appli-
cations for mankind.

| personally find it fascinating to learn
from S. Havlin and his collaborators that
scale-free networks with 2<y <3 are
resilient to random breakdown; on the
other hand, intentional attacks of the
most highly connected nodes easily dis-
rupt the network (for all values of y).

Naturally, all of this insight is essential
for devising efficient immunization strat-
egies, or to understand in greater detail
the complexity of interactions among
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genes (the genome network), or the
interactions among proteins (the pro-
teome), as exemplified in chapter 7 by
R.V. Sole and R. Pastor-Satorras. Other
interesting applications of network theory
involve the study of interacting neural
networks for which W. Kinzel, in chapter 9,
provides an essay covering novel phe-
nomena relating to synchronization by
mutual learning, together with its appli-
cation to a novel classical scheme for
cryptography.

Overall, this reviewer highly recom-
mends this “"Handbook of Graphs and
Networks”, both for the nonspecialist
students and researchers and the experts
as well. It serves as a good source of
reference for both communities. As men-
tioned above, | find chapter 1 on the
collection of the various network-related,
mathematical results misplaced by the
editors; moreover, statements by the
authors of chapter 1 of the type: "As it
happens, from a mathematical point of
view, the experimental results of [D.J.
Watts and S.H. Strogatz, 1998] were far
from surprising”, do not please this re-
viewer either. Likewise, | find chapter 15,
entitled "Social Percolators and Self Or-
ganized Criticality” to be of somewhat
marginal research content. All the remain-
ing chapters, however, are very informa-
tive and well-written: | am convinced that
an interested reader does profit from this
collection of minireviews and likely be-
comes invigorated to do his/her own
research in this fascinating field. Being
so, this book belongs on the desk of any
practitioner of this new and exciting
research area.

Peter Hédnggi
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