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Fig. 1. Information-epidemic co-evolutionary model with

community structure.
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Fig. 2. Transition probability trees for the states US, Al,
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Fig. 3. Comparison of Monte Carlo simulation and theore-
tical thresholds for different information diffusion rates.
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Fig. 4. Final infection scale heat map: (a) MC simulation results; (b) MMC approach results.
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Fig. 5. (a)—(c) Influence of individual contact ability on epidemic outbreak threshold under different conditions; (d)—(f) volatility of
the impact on epidemic outbreak thresholds under different virtual network layer contact capabilities; (g)—(i) volatility of impact on

epidemic outbreak thresholds for different physical contact layer contact capacities.

068701-6


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 3R Acta Phys. Sin. Vol. 72, No. 6 (2023)

068701

F(t) = (f® — f@) /5@, (7)
Horr £ 32 fb BE 1 o0 K Bp A 2SR AN AR A L 1)
Kl 5(a)—(c) JBIR T AMERTZEARF R AT AS A4 fi e
FIXF AT A A Be BRI WA 9 A 9 (L B
BT YRl 2 0 A AR R BE ) Ky BRI,
Bl A £ 1A B 2 A AR Al T Ry 3 R
B, I HRE N (35, A (ky =1, k= 1) 1Y
AT BB K. FEER R AT

1) 24 Ky WIS, 28T 4 B2 fih )2 11 3% BR A1
FEAE BRI 2 | (AR TR AL IR AR SR,
AT R A B B kp P3G TATIR ).

2) 4 k3G KET, e E A7 B2 1 1% BRAS R
PRS2 AR B IS AR, AT
I R AL B I Fey )1 ST I IN.

BEAE, KRR A 5(d)—(f) BOLESR, T EIXT A5
RIALTHONMNUE BT BEREANT, WA TR L A
BRRIWE SN, EEIEF RGO T AT &
159 (L A8 0t s AR K. s ad 18] 5(g)—(1) ATRAE H, 26
YR A 2 AR IZ A BE T ey X TR L 1)
MR T2 A5 B AEAZ &y .

Wt BRI, AT A T B I A T
Pl AR 2 8] B B M. (ELAS R A% 1 B A A
FEM R AR I RENG , X 2% 4k 2 28 T s i K ) 1
F ORI T2 RS By R R, A
AR 490 L 0 11 S 8 1 e R I A 0 1 R B (L T
O3 WAL

HAh, B o 5IFBY BRI
BRRBERZEEHMAKZM. BT Y =5, p* =
oBY, o/, HHRL A FE SN, N 6(a) PR,

(a)
0.8}
07}
0.6}
A=0
= 05 . A=0.15
} « A=0.30
04f . A =0.50
| |
0.3F .
0.2} ey,

M EFE TR B BeR MRUSE R, BiE R 3
o IR, TATIHER A BN HA AR R B, JHC3
FTaR R B ME Be 1T B AR, MV, A Bifi
o IR TR M. (EE AR, o A 34
Wil Ae: 1) 24 AR R o = 1A, 2k 105 B4
JEXTER T W2 T, S T 5
P 26 3R Ak BT I 286 A A T A R R AR /)N
FHHAZ AN 2) 24 B RO o = Ol AT
TRTEAS B-TA TG I AL M 45 b A% 1% ME i 55 T 3
JZM%; 3) M5 B WO = 06, 2 B B4l
JEE B ICEA L, TR AR 255R Ak 2
W2, AR A TR R & BEAS /N B 6(b) JB/R T H
TRARLY R o SRR IBYLAR LB . 255 R
AR R, RSB HL ] o B, R
PR AR B ISCEIE B IR IBGE 24 1% T9 B 15 e ]
DA AW A T e, DT Bl T4 e
7 AR 1 RnAEA 2 HRA TR AR R RS
ERGAMA L BIRES R 5 BRI ALK, HrZ:
BERE: A =015, 6 =0.1. [& 7(a) FIE 7(b) 4351
103 MC BLBL3RAS A AT A 1 Ak A1 2 e & A
A T DUE AT R B DL KRR A
JERYAE LIRS SZ S H0 b SR, A T AL 4G KA
(A2 ) SR (HRER) 438 A X (5K
e (1) 2 (3) AT BRI AT R K
P10 2k 2 MC 5 BT3B T AT 93 1 & 10 {245
R, BRI ELES 5 05 R E 45— B 7R 5L
B, RRATIG SR R R B LR,
SR N IRA TR SN T G4, AN, I 7(b)
Fh = 18, TR BH 2K, WATIRIR LA 15

0-6(b)
= y —
0.5F 2k
|
0.4t / o
|
a
0.3} yd A=0
Vs + A=0.15
ya = A=0.30
02y S A =0.50
_/
0.1}
N

0 0.2 0.4 0.6 0.8 1.0
o

B 6 (a) A FRARYAURAT MM 5 B (RS20 (D) B ARP 3 0] R A SR A A LU 49 9 52 T

Fig. 6. (a) Impact of self-protection rate on epidemic outbreak threshold; (b) effect of self-protection rate on the proportion of

individuals with stable infection.
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Bilayer network spreading dynamics driven by
community structure and activity

Shen Li-Feng!)  Wang Jian-Bo Y%t Du Zhan-Wei?  Xu Xiao-Ke%?
1) (School of Computer Science, Southwest Petroleum University, Chengdu 610500, China)
2) (School of Public Health, The University of Hong Kong, Hong Kong 999077, China)
3) (Computational Communication Research Center, Beijing Normal University, Zhuhai 519087, China)
4) (School of Journalism and Communication, Beijing Normal University, Beijing 100875, China)

( Received 18 November 2022; revised manuscript received 4 January 2023 )

Abstract

Epidemic outbreaks in the real world are often accompanied by rapid information diffusion, which will
change individual behavior patterns and affect the spread of epidemics. The community phenomenon in human
society will also have an important influence on the spread of epidemics. The above factors to construct a new
bilayer network are considered in this work. The activity-driven model is used to generate time-varying online
information contact layer network and offline physical contact layer network. The information diffusion of
individual online contact layer is used to affect the epidemic spreading dynamics of offline physical contact
layer, and the individual mobility factor is used to control the community structure characteristics. In order to
obtain the spreading dynamic equation of the whole network and analyze the spreading threshold of the
network effectively, the microscopic Markov chain (MMC) approach is improved and extended to time-varying
networks. Experimental verification of Monte Carlo simulations shows that the proposed method is highly
accurate in predicting epidemic outbreak thresholds. The results show that individual mobility has no effect on
the epidemic outbreak threshold, but it will affect the final number of infections in each community. The
greater the individual contact capability of the online contact layer, the smaller the individual contact
capability of the offline contact layer that can effectively suppress the epidemic spread. The above findings can
present an important reference for effectively preventing and controlling the epidemic transmission in the real

world.
Keywords: microscopic Markov chain approach, bilayer network, epidemic spreading, community structure
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