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Abstract

We explore scale-free networks in this Ph. D.
dissertation. We choose the models, degree distributions and
correlations of scale-free networks as three main directions
for research. These problems are studied scientifically in this
dissertation.

First, we study the construction and analysis of the
models for scale-free networks. We emphatically investigate
the evolving mechanisms and evolving models which are fit
for real-world networks.

Second, we study the computation of degree distributions
for scale-free networks. By the theory of Markov chains, we
introduce a new method to calculate numerically the degree
distributions.

Third, we study the correlations of scale-free networks.
The degree correlation of the BA model is considered
emphatically. We give the joint degree distribution of the BA
network.

We obtain the following new results.

(1) We construct the four models of scale-free networks,
they are the model 3.5.1-3.5.4 in the chapter 3. New edges
between existing nodes, the rewiring or removal of edges are
incorporated in the model 3. 5. 1 and model 3. 5. 2. In
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particular, we introduce a new evolving mechanism that some
old edges are deleted with the anti-preferential probability in
model 3. 5. 2. Using the mean-field approach. the degree
distributions P(k) of the two models are calculated
analytically, and they are all the power-law distributions.

In the model 3.5. 3 and model 3.5.4, we propose firstly
the logarithmic growth which is a new evolving mechanism of
networks. In particular, the degree distributions of the two
models can’t be calculated analytically. Using the Markov
chain method which is introduced firstly in chapter 4, the
degree distributions are calculated numerically. and the
numerical results show that they have power-law tails.

(2) We explore scale-free networks by the viewpoint of
stochastic processes. We establish firstly a relation between scale-
free networks and Markov chains. We demonstrate that the
degree sequence {K;(t), t=i, i+1, -=+} is a nonhomogeneous
Markov chain, where K; () represents the degree of a given
node i at time 7 in the BA model, and give the one-step transition
probability matrix P; (¢t + 1), i =1, 2, «-.

(3) By the theory of Markov chains, the degree
distribution P(k, t) of the BA model at time ¢ is given by the
matrix P; (¢t + 1) (i =1, 2, ---). Noting that the transition
probability matrix P; (¢t +1)(i=1, 2, +=+) have a very simple
structure, we propose a new approach to calculate
numerically the degree distribution P (k), it is named as the
Markov chain method.

We successfully apply this Markov chain method to
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calculate numerically the degree distributions P(k) for the
BA model and three models with the accelerating growth. For
the BA model, the three results from the numerical
computation, analysis and numerical simulation are very close
in Figure 4.1.1, this shows that the Markov chain method is
efficient for the BA model. The degree distributions P(k) of
two models for directed or undirected networks with the
logarithmic growth are calculated numerically. The numerical
results show that each of the two degree distributions P (k)
has a power-law tail in Figure 4. 3.1 and Figure 4.4.1, and
the two systems can self-organize into scale-free networks. In
particular. the two degree distributions P (k) can’t be
calculated analytically.

(4) We investigate the correlation of scale-free networks
and give the joint degree distributions of the BA network. By
the rate-equation approach and the property of the two-
dimensional generating function, the joint degree distribution
P(k, ) of two connected nodes in the BA model is
provided. By the mean-field approach and the property of the
order statistic, the joint degree distribution P(k,, k,) of any
two nodes in the BA model is given. The two joint degree
distributions indicate the spontaneous appearance of node
degree correlations in the BA network.

Key words complex networks, real-world networks, random
graphs, small-world networks, scale-free networks, statistical
properties, topology structures, degree distribution, average
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path length, clustering coefficient, evolving mechanisms,
evolving models, numerical computation, nonhomogeneous
Markov chains, transition probability matrix, variation
equation of two variables, two-dimensional generating
function, order statistic, correlation, joint degree distribution
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