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Fig. 1. Schematic diagram of rumor propagation. (a) The network is composed of N nodes with three states S, I and R. The blue

circle in the figure represents the group formed by one of the spreaders I and its neighbors. (b), (¢) Spreaders spread the rumor to

their self-centered groups. Influenced by the stiflers, S state node turns into I state node with a certain probability, and I state node

turns into R state node with a certain probability. (d) The system reaches to a steady state and the spreading process ends.
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Fig. 2. (a) Time evolution of the fractions of nodes with different states on ER network, where the silence probability v is equal to

0.4; (b) the steady fractions of nodes with different states as a function of v on ER networks. The curves in the figure come from

the ER random network with a size N =1 x 10° and an average degree of 10. The fractions of both the initial spreaders and the

stiflers are set as 0.1%. The data in panel (b) are from the simulation results for ¢t = 4 x 10°.

XS5, A SO AR R IR 1) 1) 12
1o A DAL 96 35 TR R AR () D (057 ¥ oM Bl L4y h
PINBYEL, 55 1 AP BONIE S A RS RERT, 26 2
W B A 100 ) 25 R % o EAR R A S 0, 245 2 By
BRI RGRARAAS.

Kl 2(b) 45t T ER FEHLIMZS I SIR = FlA[H]
TR R I RS BB R TR MR ~ 1A fk. Tl L)
KBRS U BRARE R 2 [A] 2 BH 3 A
(I PREC R, BIVBEE ~ IR, il 2 1 LAl
SEHE SRR R A A I (A EE A e, X
i By 7S T RS ek R e AT A5 A
Ve FITPERAE B, R HIE I RF AU R334
MBS AETE B AL, FES Uy <A B, RAE
SURIASERE A ~ (E A 30 22 B s Ik 3, 7
VT e I, BB, 14RE IBTESEY < e
i, —ELAL T AE W AR A K, 763 45230 T e
D) 28 rf AL 2 1 S B TG . LT LUE
e TRLE RGN IGES B EMWBEE, Xy <.
BF, 38 AT ARSI sz BP0 ) s AN RE 22 4
Moy > e B, PR AS R i ARG, A
FEULREH B R G B R A K

Bl 3 45 TN FTTEER T SIR = FiA AR
A B BERT R AR R . W LAE B, AL
FEIOETI, T EREARBREE, CREER
G LA—FPEh B R 7 SR I, 2% P SR A
FUARA K 35 4 To ¢ (WA 3(b)), [REf AR H
W st 1) F 4 2 17T 02 1) R et 55 B 500y Tk (AL

P 3(a)), M0 5 2 A8 R B RSt R 2 8 25 1
A4k (ULPE 3(c)). (B3 T )5, &3k & &2 2 mik
HIEZ, DUBRAE R B, BRI B 3t
/N, ALK B B WA R 5 3 1 e 3
SRR, I & FE LR 0 ) B (A . X — 25 R
H/R T ER M4 iR 5 % sh S5tk 178
LR, 5 BA A RGNS, 75465 E
PRI 2 T8 — e FEEE R, B0 A AR 2 5 T
X AL R P A TR . Xy = 0.3/
v = 0.6 X BRG], t FUTERME R, 78 5 ol
HE A AR T, AR A RS IR TR
el XSy = 0.9 BRE AL, J0HIE B R e
T LSRR, (AR E TERS A RA B 1 L .

3.2 TIREMEK

FETChRE M 45 i 5 LR ks b, o ek
B LN R R A A T HCE AR 10 /9 BE TR A,
Hg/IME R 5, S RAE R 60, TIRECH-2.5, SR
K HC B R A TR B M 4%, [ 4(a) 25 T
TEy = 0.4 W JCAREE 45 | = FoIRZS B9 15 5 o i
iR A, 5 ER BEHLI 25200, TobRBE 245
SIR = FeRZS 1977 & He ) 2o e AE (b ka s, 1%
B T B EANE y SEUE B0 T i B
% MIHLT ER BEHLIZS, 3% 117 550 i ik
{ELH A A R SCUE I B 5 FE JOAR B I 45 R i
HALE Iy B S A1 A0 . 12 RN O o 45
OIS BT, AR R 2 AR AR S A ek,

068902-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 6 (2021) 068902
1.0 F= 1.0F 1.0F
\\(a) y=0.3 O y=0.3 v=0.3 (c)
L 7=0.6 L : “ v=0.6 | v=0.6
< 08 \ aZos| = 0.8 / N —— =09 = 08F 100
:3 = r =}
= 06f "l. Zosr " o6 P —
= \ = i S i
¥ 04t | ¥ 04t / == ¥ o04f ¢ 7
= t = { \ = p
n t = [} = [ 2
0.2F % 02t f 0.2} J
L) [ / s
8 / . el J -
ok e e o= . — ) . .
1 1x106 2x105 3x106 4x10° 1 1x105 2x106 3x106 4x106 1 1x105 2x106 3x106 4x106
t t t

K 3 ERMZ ARV v = 0.3, 0.6, 0.9 F SIR = FA LRSS0 L BIRERT RIEIL D () SA; (b) I3 (¢) R&; 9
U A2 B A AN R 3 19 LL 2 0.1%, ER W44 149°F-34 B2 5 10

Fig. 3. Time evolution of the fractions of nodes with different states on ER random networks with different silencing probability v =
0.3, 0.6 and 0.9: (a) State S; (b) state I; (c) state R. The initial fractions of spreaders and the stiflers are both 0.1%, and the aver-

age degree of the ER network is 10.
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Fig. 4. (a) Time evolution of the fractions of nodes with different states on scale-free networks, where the silence probability ~ is
equal to 0.4; (b) the steady fractions of nodes with different states as a function of « on scale-free network. The curves in the fig-

ure come from the scale-free network with a network size of N = 1 x 10° and an average degree of 10. The fractions of both the ini-

tial spreaders and the stiflers are set as 0.1%. The data in panel (b) are from the simulation results for ¢t = 4 x 10°.
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Abstract

In this paper, the influence of opinion dynamics on rumor propagation is studied by introducing the
mechanism of stifler’s comments on rumors into the susceptible-infected-recovered (SIR) model. In this model,
individuals can form a group together with their direct neighbors, through which the spreader can spread
rumors, and the stiflers can express opinions and refute the rumors. The mechanism of rumor refuting can not
only reduce the acceptance rate of the ignorant to rumor, but also increase the transition probability of the
spreader to be a stifler. In this paper, we use the Erdos-Rényi (ER) random network, scale-free network and
real social network as the underlying interaction structure to study the influence of stifler’s silence probability
on the rumor spreading dynamics. First of all, we find that the process of rumor propagation can be roughly
divided into two stages, i.e., the early stage of free propagation of rumors and the later stage of checks and
balances between the stiflers and the spreaders, respectively. Secondly, it is found that the rumor will break out
with the increase of stifler’s silence probability. Under a threshold of rumor outbreak, the increase of silence
probability will not lead the number of spreaders to significantly increase, but will cause more ignorance to
perceive the rumor and quickly turn into spreaders, and then change into stiflers under the guidance of other
stiflers. When the silence probability reaches a threshold, the stiflers will not be able to control the spread of
rumors, which will lead the number of stiflers to decrease and the rumors to break out. Finally, the early stage
of rumor propagation in scale-free networks is shorter than that of random network, which makes rumor more
difficult to break out. Our model comprehensively considers the influence of opinion dynamics on the spreading
of rumors and more realistically simulates the rumor diffusion process, which provides a useful insight for the

rumor control in real-world social networks.

Keywords: rumor propagation, online social network, opinion dynamics, dispel rumors
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