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[ Abstract] The process of epidemic spreading process is often accompanied by the diffusion of individual awareness
information.Most of current researches as on the relationship between epidemic and awareness information do not consider
the impact of awareness information on individual contact behavior in spreading process.This paper proposes an epidemic
spreading model using bilayer network based on individual alert'state.The lower physical contact network is established to
describe the spread of epidemic, and the upper information diffusion network is constructed to describe the information
diffusion in the spread of epidemic.According to the.individual’s behavior preference and alertness, two kinds of contact
behavior strategies are designed, which are avoidance of contact between alert individuals and non-alert individuals, and
avoidance of contact between alert individuals.The impact of two behavior strategies on epidemic spreading is simulated in
three bilayer networks, BA-BA \BA-WS and WS-WS.Simulation results show that both the individual alert behavior strategies
can effectively reduce the epidemic infection scale and increase the epidemic outbreak threshold by adjusting the alertness
parameters, and thus inhibit the spread of the epidemic in the population.
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Fig.3 The change of epidemic spreading scales with ordinal
number of steps when three bilayer networks adopt

individual alert behavior 2
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Fig.4 The influences of BA-BA network with different individual alert behaviors on epidemic threshold

—x—a=0.2
0.7 |—©—a=04
—*—a=0.6
—8—a=0.8

B C OO0

0.0 0.2 0.4 0.6 0.8 1.0

(OMEEREATH2

Bl5 BA-WS M REAREMEERITAHXNRITRRER I

Fig.5 The influences of BA-WS network with different individual alert behaviors on epidemic threshold

TRABHLBL

0.0 01 02 0s 0.4
P 373 o
(@ MEEHEITHIL

0.7

0.6

0.5

0.4

37

0.3

0.2

0.1

0.0

OIMEEHATH2
Bl6 WS-WSRZRAREANMEERZIT A RITREERZMm

Fig.6 The influences of WS-WS network with different individual alert behaviors on epidemic threshold



138 12N A R

(i 20214E3 H 15 H

AT LLFE 78 3 B0 BUZ R 45 | 24 SR BOAS A2
T 1B, B A R A AR 5 M a 1 3 K,
179 M % B 2 FAR 5 24 R U 5247 Sk 2 1), Bl
A BN R SE AR o BN AT R R
T2 FRAR o A SCHE S 1% T b 32 A IR 2 5 17 ok 1) 4
fink SR i 357 T 3 Ao AR R A A TR MR R R (AL R I AT
Wit & . T BA ARSI M4 HAL 376 B E i /N T
WS [ 2522 R I 24 4 B fih J2 0 BA W 2 i, HR
A7 15 45 13 08 42 9 B 422 fo )22 WS 9 28 T/ .
4~ E 6B LLF H YR EUNMARE 5817 LI 25
a D3/ N A T 995 A% 36 BBk /)N, A 7 0 A5 4% BR(E T v
MBEE a B K, A ARE AT R 1 XA T 14 46 R Y52
M/ )N , A T B AR AIG s MR IBUAMAA TRy 25, 25 a B R
WAL A 708 A A% B/ | A 50 1 40 AR T v , i B
a P8/ AR EAT R 2 XA T 9 A5 4G HUAR 1) 52 ik /N
TATIE BB REAR . B LR Wl 2 AR e 17
Shy B4 2 sk S W B A I ) S AT 9 L A

3 ZRIE

75 18 B P AT I 4 A7 IE S A 0 e X L fih £
F 5 M), AR SCA H — ol 2 A (A i A7 20 B XUZ M
N RV I 7l Fe VAl N7/ B e 1 U SN B P
SO 4 BT A Aol G 5 AR R fi
DA S A A i G -5 IS AR J22 i ) ol gl A7 o 3R
W, TR 3 0 XUZ [ 26 880 TR 5 il AT O SR X
AT AL 1 B o (5 BLAS AR, 245 R v ) b
e TS AR IR A 1 e il AT O R e R R (R R AT
o 1 1 AL, B oAt Ao d A BUE . Jm S TS A
TR XS PO 8 A5 TR Sl a5 Y L A T N D A R
g, Dt — 2 R AR T WO AT A% 7% 04 10
e .

S % 3Tk
[ 1] PASTOR-SATORRAS R,CASTELLANO C,VANM P,
et al. Epidemic processes in complex networks[ J|. Reviews
of Modern Physics,2015,87(3):925-979.
RUAN Zhongyuan, TANG Ming, LIU Zonghua: Epidemic
spreading with information-driven vaccination[J ]. Physical
Review E,2012,86(3):117-125.
FUNK S, GILAD E, WATKINS C, et al. The spread of
awareness and its impact on epidemic outbreaks [J].

[2]

Proceedings of the National Academy of Sciences, 2009,
106(16) :6872-6877.

FERGUSON N. Capturing human behaviour[ J ]. Nature,
2007,446(7137):733-733.

[5] WANGZ,ANDREWS M A,WU Z X, et al. Spatial coupled
disease behavior framework as a dynamic and adaptive
system ; reply to comments on “coupled disease behavior
dynamics on complex networks: a review”[J]. Physics of
Life Reviews,2015,15(12):57-60.

GRANELL C, GOMES S, ARENAS A. Dynamical
interplay between awareness and epidemic spreading in

[6]

multiplex networks[J]. Physical Review Letters, 2013,
111(12):128-136.
GRANELL C, GOMES S, ARENAS A. Competing

[129

[14]

[18]

spreading processes on multiplex networks ; awareness and
epidemics[ J]. Physical Review E,2014,90(1):82-89.
BAILEY N T J. The mathematical theory of infectious
diseases and its applications[ M ]. High Wycombe, UK :
Charles Griffin & Company Ltd. ,1975.

ANDERSON R M, ANDERSON B, MAY R M. Infectious
diseases of humans:dynamics and control[ M ]. Oxford, UK
Oxford University Press, 1992.

DIEKMANN O, HEESTERBEEK J A P. Mathematical
epidemiology of infectious diseases; model building,
analysis and interpretation[ M ]. New Jersey, USA : John
Wiley & Sons Press,2000.

KAN Jiagian, ZHANG Haifeng. Effects of awareness
diffusion and self-initiated awareness behavior on
epidemic spreading-an approach based on multiplex
networks[ J]. Communications in Nonlinear Science and
Numerical Simulation,2017,44(3):193-203.

ZHENG Chunyuan, WANG Zhishuang, XIA Chengyi. A
novel epidemic model coupling the infectious disease with
awareness diffusion on multiplex networks[ CJ//Proceedings
of 2018 Chinese Control and Decision Conference.
Washington D. C. ,USA.IEEE Press,2018:3824-3830.
WANG Zhishuang, GUO Quantong, SUN Shiwen, et al.
The impact of awareness diffusion on SIR-like epidemics
in multiplex networks [J]. Applied Mathematics and
Computation,2019,349(5) : 134-147.

WANG Wei, LIU Quanhui, CAI Shimin, et al. Suppressing
disease spreading by using information diffusion on
multiplex networks{ EB/OL ]. [2019-11-10]. https ; //www.
nature. com/articles/srep29259#Fig6.

GAO Chao, TANG Shaoting, LI Weihua, et al. Dynamical
processes /and epidemic threshold on nonlinear coupled
multiplex networks[J]. Physica A : Statistical Mechanics
and Its Applications,2018,496(4) :330-338.

YANG Jinxuan. Epidemic spreading in multiplex networks
with heterogeneous infection rate[ J ]. Europhysics Letters,
2019,124(5).:25-32.

FAN Chongjun, JIN Yang,HUO Liang’an, et al. Effect of
individual behavior on the interplay between awareness and
disease spreading in multiplex networks[J]. Physica A
Statistical Mechanics and Its Applications,2016,461(11):
523-530.

GUO Quantong, JIANG Xin, LEI Yanjun, et al. Two-stage
effects of awareness cascade on epidemic spreading in
multiplex networks[J]. Physical Review E,2015,91(1):
35-42.

CAI C R,WU Z X,CHEN M Z Q, et al. Solving the
dynamic correlation problem of the susceptible-infected-
susceptible model on networks [J].
Letters,2016,116(25):302-310.
WATTS D J, STROGATZ S H. Collective dynamics of
"small-world" networks[J]. Nature, 1998, 393 (6684 ) .
440-442.

BARABASI A L, ALBERT R. Emergence of scaling in
random networks[ J]. Science, 1999 ,286(5439):509-512.
WANG Xiaofan, LI Xiang, CHEN Guanrong. Network
science: an introduction [ M ]. Beijing: Higher Education
Press,2012. (in Chinese)

TE/NIL, 20 BROG o2 . MIZR AL ia [ M. dEat . 552
A Rk, 2012.

Physical Review

ETEC S S



