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Fig. 1. (color online) Two kinds of propagation processes: (a) The change of diffusion process from “fan-shaped”

type to “single-strand” type if the highest-degree nodes are infected sources; (b) the change of diffusion process from

“single-strand” type to “fan-shaped” type if the lowest-degree nodes are infected sources.
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F1 WRLEWIFRE
Table 1. Networks with different structures used in our experiments.

Notation Type Nodes Edges (k) o D C L
G1 BA Jobr M 45 1000 2995 5.990 2.78 6 0.034  3.470
Go BA Tokr B 45 1000 2003 4.006 2.64 8 0.039  3.997
G3 BA Tobr P 4 1000 5980 11.960 2.54 4 0.049 2.826
Gy N4 1000 4228 7.490 2.42 8 0.124 3.283
Gs N T4 1000 4226 8.452 2.64 8 0.043 3.462
Gsg N T4 1000 4232 8.464 3.00 8 0.040 3.513
Gr N ] 4000 16733 8.366 239 11 0.079  5.463
Gs TEIRMI AN 4 1238 2106 3.402 228 12 0 4.670
Go K A ) % 1133 5451 9.622 2.42 8 0.254  3.606
Gio Hif)Z Internet %% 22963 48436 4.219 242 11 0350  3.842
G11 L2 PME R 2% 4158 13428 5.526 2.06 17  0.687  6.049
Gi2 Bl IME M 2% 8638 24827 5.259 3.50 18  0.600  5.945
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Fig. 2. (color online) The illustration of dynamic propagation process in G1 based on the (al)—(a3) email propagation
model and (b1)—(b3) SI model, in which 5%, 10% and 20% nodes are selected as the initial infected nodes according

to four different centralities (i.e., degree, betweenness, k-core and eigenvector).
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Abstract

The centrality reflects the importance of a node in a complex network, which plays an important role in the
propagation dynamics. Many researches in the field of node ranking estimation have revealed the characteristics of
higher centrality in the structural dynamics and propagation dynamics. However, there are few reports about the effect
of nodes with a relatively lower centrality on propagation process. In this paper, we focus on the effect of heterogeneous
structural characteristics on propagation dynamics. First, we select four centrality measurements (i.e., degree, coreness,
betweenness, and eigenvector) and initialize source nodes with the maximum and minimum centralities respectively.
Then, based on the email propagation model and the SI model, the massive numbers of elaborate simulations are
implemented in twelve scale-free networks. These networks include three networks generated by the Barabéasi-Albert
model, four synthetic networks compiled by the GLP (generalized linear preference) algorithm, and five benchmark
networks. The simulation results contain two parts: one is the crossover phenomenon of two propagation processes, and
the other is the correlation between the crossover point and the proportion of the initial source nodes. We present the
crossover of two propagations by calculating the total infected nodes, the incremental infected nodes, and the average
degree of the incremental infected nodes. The average degrees of the incremental infected nodes in both synthetic networks
and benchmark networks show that there exist two kinds of diffusion modes (i.e., “fan-shaped” type and “single-strand”
type). With the increase of the initial source nodes, the interaction between two modes results in the different dynamic
changes of two propagations with respect to propagation speed, which may lead to the crossover of two propagations in
terms of propagation scale in the propagation process. Specifically, the increase of the initial source nodes would suppress
the propagation process in which nodes with the maximum centralities are portrayed as propagating sources. However,
such an effect is not observed in the propagation process in which nodes with the minimum centralities are portrayed
as propagating sources. Our further simulation indicates that the crossover points appear earlier as the proportion of
the initial source nodes increases. And by employing the discrete-time method, we find that such a phenomenon can
be triggered exactly by increasing the initial source nodes. This work reveals that the influence of the nodes with the
minimum centralities should be taken into consideration because the initial infected nodes with a lower centrality will

lead to a larger propagation scale if the initial proportion is high.
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