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Fig. 1. A simple network with 11 nodes. The spread-
ing influence of each node is obtained by simulation
on the SIR model over 2000 independent runs with
B = 0.2 (Ben = 0.3409).
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Table 1. The framework of ASP algorithm.

Input: adjacent matrix A = (a;;) Nx N of social network
G=(V,E),[VI=N, |E|=M
Output: ASP(V)

1 Input: A = (a;;)NxN

2 Compute reachability matrix element A3 (4, j)

JFori=1to N

4 For j =1 to k1 (k1 is the number of 1-step
neighborhoods of node %)

5 Compute the probability that the node ¢ transmits
information to the node j

6 Fasp_ij = (L/() + In(@) N n(i)| - (1/(k))?
+ [43(6,5) — In(@)| — In(i)] + 1] - (1/(k)?

7 End for

8 For | =1 to ko (k2 is the number of 2-step
neighborhoods of node %)

9 Compute the probability that the node ¢ transmits
information to the node !

10 fasp_it = (@) N ()] - (1/4) + A3(,0) - (1/(k))?

11 End for

12 For m =1 to k3 (k3 is the number of 3-step
neighborhoods of node %)

13 Compute the probability that the node ¢
transmits information to the node m

14 fasp_im = A3(i,m) - (1/(k))?

15 End for

16 fasp_; = sum (fasp_;;) + sum (fasp_i)
+sum (fAsp_im)

17 End for
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Table 2. Topological parameters of six real networks.

W % 44 N M B Bin (k) C D
Word 112 425 0.08 0.073 7.59 0.173 5
Netscience 379 914 0.13 0.125 4.82 0.741 17
Email 1133 5451 0.06 0.054 9.62 0.570 8
Yeast 1458 1948 0.15 0.140 2.67 0.071 19
Blog 3982 6803 0.08 0.073 3.42 0.284 8
Router 5022 6258 0.08 0.073 2.49 0.033 15

FE 6 A 3052 9 2% K df B2 A0 3 /S B ADL Ko 46 I
LS H ) ASP 545 5 SP 84K FE4R AR 1‘2%&?‘6
UANPN - €5 SRV CcE =L AN WM& 73 i RIS = T S
BT AR R R PR bR S SEERE Wi T B(i) 18]

208901-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

(2)

2 ANADESEM AR TR S STR AR AT sl A 5tk

(e) Blog; (f) Router

(b)

) I8 % 48 Acta Phys. Sin. Vol. 66, No. 20 (2017) 208901
1 14 12 .
0 Degree - Degree . Degree
12 - 10 "
8 10 ’ )
H ) 8
S - s 8] s
S 5 61 S
4] 4
24 2
0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 0 20 40 60
Number of SIR infected nodes Number of SIR infected nodes Number of SIR infected nodes
10 14 .
N BC 12 " L} = -
.o 10
> 6 . = 8
@’ Fon . @’ - " B -
41a¥F 6 -, an
- 4 . -
e I 2
0+ T T T 0 T T T T T T :
0 1000 2000 3000 2 3 4 5 6 2 3 4
Number of SIR infected nodes Number of SIR infected nodes/10% Number of SIR infected nodes/10°
10 14 12 ™
cC - CcC . CcC
12 ] . 101 .-
8 10 ) ’
- ) 8 -
< 61 . < 84 <
) = .- =  6A
s i 5 61 - ) -
o ! 4
2-_..-1(#‘ 2 27 | ademalabl
0 . . . . 0 . . . . r T T
0.3 0.4 0.5 0.6 0.10 0.15 0.20 0.25 0.10 0.15 0.20
Number of SIR infected nodes Number of SIR infected nodes Number of SIR infected nodes
10 14 12 =
) SP 12] SP . . 10] SP .
o 10 4 . = 8 .,
= 6] - S 8] ' = L
S N f'_l. S 6] . =|'-. . S 64 L
'_/'ﬂ . 4] E 41
2 ]
! 2 1 2
0 . . 0 . . . . . . 0 - T
5 10 0 2 4 6 8 10 12 14 0 20 40 60
Number of SIR infected nodes Number of SIR infected nodes Number of SIR infected nodes
10 14 .
. Cnc b 19 ] Cnc . I -
e 10 .. .
= 0 . S 8] . = R
S =l & A & -
éi' ‘!',‘ 6 1 £ _'_'- .
. 4] .t
Q'H 2]
0 50 100 150 200 250 300 0 20 40 60 80 100120140160 40 60 80
Number of SIR infected nodes Number of SIR infected nodes Number of SIR infected nodes
10 14 v
) ASP 121 ASP . . . -
L. 10 .. .
= 9 - = 81 - = T
= ; = =i = .
s, o S 6 d &
4 |
21 2]
0 . : ; : 04— . : ; : : : : ; :
0 5 10 15 20 25 0 5 10 15 20 25 30 0 20 40 60
Number of SIR infected nodes Number of SIR infected nodes Number of SIR infected nodes

()
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Fig. 2. Correlation between different ranking values and number of SIR model infected nodes in six real-world

networks: (a) Word; (b) Netscience; (c) Yeast; (d) Email; (e) Blog; (f) Router.
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Fig. 2. Correlation between different ranking values and number of SIR model infected nodes in six real-world
networks (continued): (a) Word; (b) Netscience; (c) Yeast; (d) Email; (e) Blog; (f) Router.
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Abstract

How to evaluate the node spreading ability and how to find influential nodes in complex networks are crucial to
controlling diseases and rumors, accelerating or hindering information from diffusing, and designing effective advertising
strategies for viral marketing, etc. At present, many indicators based on the shortest path, such as closeness centrality,
betweenness centrality and the (SP) index have been proposed to evaluate node spreading influence. The shortest path
indicates that the information transmission path between nodes always selects the optimal mode. However, information
does not know the ideal route from one place to another. The message does not flow only along geodesic paths in
most networks, and information transmission path may be any reachable path between nodes. In the network with high
clustering coefficient, the local high clustering of the nodes is beneficial to the large-scale dissemination of information. If
only the information is transmitted according to the optimal propagation mode, which is the shortest path propagation,
the ability to disseminate the node information would be underestimated, and thus the sorting precision of node spreading
influence is reduced. By taking into account the transmission rate and the reachable path between a node and its three-
step inner neighbors, we design an improved method named ASP to generate ranking list to evaluate the node spreading
ability. We make use of the susceptible-infected-recovered (SIR) spreading model with tunable transmission rate to
check the effectiveness of the proposed method on six real-world networks and three artificial networks generated by the
Lancichinetii-Fortunato-Radicchi (LFR) benchmark model. In the real data sets, the proposed algorithm can achieve
a better result than other metrics in a wide range of transmission rate, especially in networks with high clustering
coefficients. The experimental results of the three LFR benchmark datasets show that the relative accuracy of ranking
result of the ASP index and the SP index changes with the sparseness of the network and the information transmission
rate. When the information dissemination rate is small, SP index is slightly better than the ASP index. The reason
for this result is that when the transmission rate is small, the node influence is close to the degree. However, when the
transmission rate is greater, the accuracy of the ASP index is higher than those of other indicators. This work can shed

light on how the local clustering exerts an influence on the node propagation.

Keywords: complex network, spreading influence, information spreading probability, transmission path
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