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Abstract: In social networks when susceptible individuals find that the virus is spreading they will be transformed into alert individuals
which is called early warning behavior. Infected individuals have a certain probability to be transformed into alert individuals which is
called secondary early warning behavior. Therefore we propose a susceptible—alert—infected—susceptible ( SAIS) model with secondary
early warning behavior. We analyze the critical value characteristics of virus propagation from the perspective of differential dynamics sys—
tem and compare with SAIS model with one warning behavior. The conclusion is verified by simulation. The study shows that the steady
—state infection individuals density of SAIS model with secondary early warning behavior is lower than that of SAIS with primary early
warning behavior and the former has a larger virus propagation threshold than the latter. At the same time it is also found that with the
increase of the secondary warning rate the density of steady —state infected individuals keeps decreasing which can reduce the scale of vi-
rus outbreak and slow down the outbreak of virus in the network.

Key words: complex network; secondary early warning behavior; virus propagation; differential dynamics; propagation threshold

3 4 5
: SI.SIS  SIR
6-9
2 10-12 13-14
o o Sahneh  Scoglio
SAIS
12018-02-27 12018-06-20 12018-11-15
(61672298 11601241) ; (NY217095) ; ( BK20160877) ;
( NY215065)
(1997-) , .

> hitp: //kns.cnki.net/kems/detail /61.1450.TP.20181115.1047.026.html



- 121 -

SAIS .
1 SAIS
. SAIS
S (
) . A( ) 1
Bo
Ba ©
“Bo > B, -
o
5, S 4,
SAIS

A+S+1=1 (1)
SAIS

S
%=—30<k>51—a<k>51+801

5#
Ddt

A
%=a<k>81—ﬁﬂ<k>Al+5al

=B, <k >SI+B, <k >Al-61-6,

(2)

s
E*th_ﬁo <k>ST—a<k>SI+8,]
IC

E‘i:ﬁo <h>SI+B, <k>(1-S-D1-81-81
Dti=1-5-1
(3)
D={(SN10<SI<1}

o

2
2.1
S AT
0 dS/de=0  di/de = 0.
(3) E=(S1) CD.

-By <k>SI-a<k>S[+61=0
Bo <k>SI+B, <k>(1-S-1)I-61-68,=0
(4)

4 :E():(SO Iﬂ):
(10 °
0 I1#0 (3)
CE=(STT)
By <k>SI+B, <k>(1-S-D1I-
8, -8,1=0 (5)
-By <k>SI-a<k>SI+651=0 (6)
5
8 +8, ~B. <k>(1-1]
= 7
(.Bo_ﬂa) <k> ()
7 6
(B, + @) S
B @B <k> B <k> )
G B.S, (9)

(a+BO)Ba <k >
: (3)

SAIS
o t+
A, = A, - & ( 10)
B, <k>-6, 6,
2.2
221
SAIS SIS

SAIS



122« 29

- (a+ﬂa)6ﬂ
' (a+B,)B, <k > o
= a+pB, _a /\_/\,,_a<k>(50+6a—/3a<k>)+6oéa
B, <k > 8, c (B, <k>-8)8, <k >
SIS
. I 2:
=1 - . .
By <k > (1) 8, <6, A, > A, > A,
. 1 SAIS SIS
DAL=
<k > SAIS o
2.2.2 (2) 5, > 8, A,>A A, > Ao
I<I A>A SAIS SIS
SAIS o
SAIS ; : SAIS
SAIS SAIS SIS
SAIS o °
(1) I I,
3
-] = af B _,Ba) 0o
(a+BO)BOBa<k> °
By > B., I <I'; B,<B, [ >I: WS .
(2) I I WS 1 000
: <k>=6
i a(By —B.) 8, +6,(a+p,) a=0.15, Monte Carlo
I -1=
(a+By) BB <k > °
B, >B., I<I. 31
afy =B.8, +8,(a+B)) <0
5, ) SAIS
Ba<ﬂo+a750((l+ﬁo) [<[0 2 3 R
o 0.55
(3) rrr  g,> 0.50
P 0.45
SR O . 0.40
B, I<I <I; ﬁa<ﬁ0+a80(a+ﬁo) 1<1 . 049
< 030
= 025
. 0.20
1: 0.15
S 0.10
() B>B. I<I<lI 0.05
SAIS SIS 1 5 913 17 21 25 29 33 37 41 45 49
o t
5, } 2 SAIS
(2) B, <By+ (a+p) Ir<r.
ad,
SAIS 2
SAIS SIS o
o 0.5 o
223 3
A < ! 0.35 o
8 <k> ' ’
2 3

SAIS TAL > AL



2 ©123 ¢
SAIS o
SAIS o
=
1 5 91317 212529 33 37 41 45 49
t
3 SAIS
113 »
3.2 ,
B, =0.02 0.4 0.6 0.
8 4
0.50 ’
0.45
0.40
0.35
~ 030 .
= 0.25
0.20
0.15
0.10 °
0.05
0
1 5 913 17 21 25 29 33 37 41 45 49
t
J .
4 1(1) (B, =0.02)
Bo 2005 34( 1) : 31-36.
4
J . 2007 24( 12) : 177-178.
B, = 0.08 J. 2014 63( 24) : 240501.
0.4 0.6 0.8 WU Qingchu ZHANG Fei.Threshold conditions for SIS epi-
5 R demic models on edge —weighted networks J .Physica A:
0.55 Statistical Mechanics and Its Applications 2015 453:77-83.
0.50 XING Liudong.An efficient binary—decision—diagram —based
0.45
0.40 approach for network reliability and sensitivity analysis J .
0.35 IEEE Transactions on Systems Man and Cybernetics — Part
< 030
~ 025 A: Systems and Humans 2008 38( 1) : 105-115.
0.20 LIU Wenbin ZHENG Qiben. A stochastic SIS epidemic
0.15
0.10 model incorporating media coverage in a two patch setting
0.05 J .Applied Mathematics and Computation 2015 262: 160—
168.
SUN Ye LIU Chuang ZHANG Chuxu et al. Epidemic
5 spreading on weighted complex networks J .Physics Letters
5 4 ( 128 )



. 128 ¢ 29

10

Web D . : 2015.
7 LEE E T.A computer program for linear logistic regression
L analysis J . Computer Programs in Biomedicine 1974 4
(2):80-92.

o Secrepo
8 SABERI H RAHAI A HATAMI F. A fast and efficient

GitHub

clustering based fuzzy time series algorithm ( FEFTS) for re—

gression and classification ] . Applied Soft Computing

2017 61:1088-1097.

o 9 KIM K I SIMON R.Overfitting generalization and MSE in

N class probability estimation with high—dimensional data J .

. Biometrical Journal 2014 56( 2) : 256-269.
10
J . 2016 40(7) :1-5.

11 XU Chen PENG Zhiming JING Wenfeng.Sparse kernel lo—
gistic regression based on L1/2 regularization ] . Science
China: Information Sciences 2013 56( 4) : 75-90.

12 LU Shuai PEREVERZEV S V SHAO Yuanyuan et al.Dis—

RAFIQUE S HUMAYUN M.Systematic review of web ap—
plication security vulnerabilities detection methods J .Jour-
nal of Computer and Communications 2015 3:28-40.
SHIROSHITA T.A data processing performance model for
the OSI application layer protocols J . ACM SIGCOMM
Computer Communication Review 1990 20( 4) : 60—-68.
KOLODZIEJCZYK M OGIELA M. Applying of security
mechanisms to middle and high layers of OSI/ISO network
model J . Theoretical and Applied Informatics 2012 24
(1) :95-106.

crepancy curves for multi—parameter regularization J .Jour—
nal of Inverse and Ill-Posed Problems 2010 18( 6) : 655—
676.

13 DIVYA K S SUBHA R PALANISWAMI S.Similar words
identification using naive and TF-IDF method J .Interna—
tional Journal of Information Technology and Computer Sci-

ence 2014 6( 11) : 42-47.

14 . TF-IDF
MA J SAUL L K SAVAGE S et al.ldentifying suspicious
. 2013 3( 1) :64-68.
URLs: an application of large —scale online learning C // J (N
. . . 15 . N-gram
Proceedings of the 26th annual international conference on
machine learning. s.l. ' s.n.  2009: 681-688. I 2016(8) : 74-80.
Webshell 16 . N-gram PDF
D . : 2017.
J. 2015 47(6) : 924-930. 0
WAF WebShell

S U O S S S G G G G G oM O S S G G G G G O O S G S G G G G G S S S S G G G G GV WP W oS Wy

123 ) 11 PASTOR-SATORRAS R VESPIGNANI A.Epidemics and
A 2014 378(7-8) : 635-640. immunization in scale — free networks M //Handbook of
LI C H.Dynamics of a network—based SIS epidemic model graphs and networks. s.l. © s.n.  2003.
with nonmonotone incidence rate J . Physica A: Statisical 12 . M .
Mechanics and Its Applications 2015 427:234-243. 2013.
CHEN Lijuan SUN Jitao.Global stability and optimal control 13
of an SIRS epidemic model on heterogeneous networks J . J. 2012 61( 11) : 110205.
Physic A: Statistical Mechanics and Its Applications 2014 14
410: 196-204. J . 2012 22(7):132-135.
GRAHAM M HOUSE T.Dynamics of stochastic epidemis on 15 SAHNEH F D SCOGLIO C.Epidemic spread in human net—
heterogeneous networks J .Journal of Mathematical Biolo- works C //Proceedings of CDC-ECC. s.l. :IEEE 2011:

gy 2014 68(7) :453-485. 3008-3013.



