2013 1
30 1 Journal of Chongqing Normal University Natural Science

Jan. 2013
Vol.30 No. 1

SEIR

DOI 10. 11721/ ¢qnuj20130117

*

400030

1672-6693 2013 01-0077-04

| s

N—>»S —’E—’I —’R

P Y

SEIR

BSI p k

0B apkpusl

12 2 2
1. 408100 2.
SEIR
R,
1 Ry<I
R, >1 P, 2 Ry>1 P
1 2
0223 A
/
BIOS 1
SEIR
1
N t
2
St t
E ¢
3 SEIR
R
48 Ren
SIR * Misha
SEIRS > HAN
SIRS 6
.
8 r
7
SEIR 1
# 2012-05-11 201301-18 15 05

No. 60974020
E-mail pmgs@ qq. com

http //www. cnki. net/kems/detail /50. 1165. N. 20130118. 1505.201301.77_016. html

E-mail chuandong. i@ qatar. tamu. edu



78 http //www. cqnuj. cn 30
S ) NoBSI- pap S L Rl Py
Ode p N-B p+u R, >1 P,
%:BSI_ a+k+u E 4 P, Jacobi
0, I O-c 0 -%g0O
%=aE— y+u I O a0
O J0=D ab =
BiRr oo -b R, O
04 =pn +kE +yl —uR 0 o 0
! o « —a U
Nt =St +Et +1t +R ¢ 2
1 3 R 5
s fA = A4+c A+ a+b A-ab R,-1 =0
Ot = 1-p N-BSI- p+u S
2
E’LE;BS]_ a+k+u E 3 A = —c<0 )\23:— a+b i\/ a+b " +4ab R, -1
g% 2
%:aE_ v I Ry<l A, <0 A; <0 Ry>1
- a+b —\/ a+b *+dab R, -1
vy+u =a a+k+pu =b p+u =c 1-p N A, = > <0
S _ 4 _pgr
Ddt_A BSI =S - a+b +\/ a+b > +4ab R, -1
QJE /\3= ) >0
=A 3 ggzﬁSl—bE 4 R, <l P,
g _ R,>1 P,
Ddt_aE al
N R 2 R=N-S-F-1I ) R,>1 p
4 P"  Jacobi
_ 3
D= SEI eR,[S5=0 O-gr —c 0 -%0 0_g, o -%0
A O adl 0O a
c} 7 =0 pr b P gR - -0 @
D 4 O “ 00 ® 0
U o o' -« U o el —a U
2
21 fA =X +mA” +myd +my =0
. as dE  dI m =a+b+cRy, my= a+b cR, my =abc R, -
Ezg_a_o 4 1 m; >0 m, >0 m; >0 A =m; >0
1=0 4 I m; 10
1
Py= S, E, I, = 200 A= | T T 20 A= me M =
¢ 0 0 m,
>0 4 m, mm,—my; >0
. o pe e ab a .. ;. :
P"= S"E"I" = Bffl I Hurwitz f A =0
o«
4 P
& _BaA —abe R =
~ Pab o
BaA b e 2.3
abe 0 3 R, <1 P,
POZ&OO P*:@acRo—l c R,-1 .
ab Ba of B Liapunov L=aF +bl L>0
R, <1 4 P, L 4
Ry, >1 4 P, P L'=ak" t +bl' t =a BSI-bE +

b ak-al = aBS-ab I=



1 SEIR 79
A 1 A 1 E
S-—— — < _— [ il
B ¢ R, oB c ! R, <0 ‘le‘ ]a 7
w B, =-pI" -b-c 8
4 R,>1 4 E T
L un By, =g ec 9
9 4 4
E_BSI_, I' _oF
4 D E E b 171 10
KCcD R, >1 6 ~ 10 5
* ! * E,
* P, D P glzf—c—ﬁl g=p ¢
P q<0 ,
4 P Jacobi I p B <suplg, g} w B < -c
U-pI" —c-b ab a g Lf B d <Lf g—c d —Ll bt
](2):D « « O e TSt h\E TSV "Eo ¢
U -BI" —a-c o U
0 0 ¢ >0 T>0 0<
O oo I —a-bU
EE P o<E <A_
P x =diag 1 T T ¢
! , q:limsupsuLf,u,B dr< -5<0
PP_l:dia O Q_L g_i t—0 Xegt 0 2
f EYETT E
B=PP ' +P]* P!
_[Bll Blz] 3
B, By Ryl Ry>1
. abl
By=-pl" —c=b B,="0 11
Bm:% 0" 1 «=0.0058=0.01 £=0.0001 p=0.5
DQ, , £E=0.5r=0.01 N=10 R, =0.098 <1
L Bt e 0
COE T B a-c 0 g 2
B2=g . B g 2 =0.05b5=0.05 £ =0.0001 p=0.1
O B L k=0.1r=0.01 N=10 R, =148.27 > 1
W w R =R(3) - 3
I wow || =max{|ul ‘”‘”“"m},m 3 «=0.055=0.05=0.0001 p=0.5
Lozinskil u B L g F=0.5 r=0.01 N=10 R, =4.4987>1
= 1 2
4
g =p By + ‘BIZ‘ & = ‘le ‘ +u By 5
B |-l
B, | =24
16 3007 35
~14 S (1) Zasob 1) =30 I(e)
Z12 =
710( ~200} -2
=8 - =20
= =150}
6 g E (1) s £ (s)
-4 1(1) 2100t ' ~
) E (1) P >/ =10
“ 0 50 S (1) o 0)
02000 4000 6000 8000 10000 007 100 200 300 400 500 600 700 800 %0100 200 300 400 500 600 700 800
I 1) Fof ] Hsf [



80 Journal of Chongging Normal University Natural Science  http //www. cqnuj. cn Vol.30 No. 1

2 3 p=0.1%=0.1 4 p=0.5 h=0.5
2 R, <1 Journal of University of Shanghai for Science and Technology
3 4 R,>1 Natural Science Edition 2007 29 3 250-254.
3 4 »k 4 RenJ Yang X Zhu Q et al. A novel computer virus model

and its dynamics J . Nonlinear Analysis Real World Applica-
tions 2012 13 376-384.
5 Misha B K Pandey S K. Dynamic model of worms with vertical
transmission in computer network J . Applied Mathematics
R, and Computation 2011 217 8438-8446.

6 Han X Tan Q L. Dynamical behavior of computer virus on In-

4 ternet J . Applied Mathematics and Computation 2010 217
2520-2526.
SEIR 7 . SIR
J. 2011 31 7 1891-1893.

Feng L P Wang H B Feng S Q. Improved SIR model of com-
puter virus propagation in the network J . Journal of Computer

Appications 2011 31 7 1891-1893.

Rq 8 .
R I 2011 28 10 3793-
pk 3796.
Gong Y W Song Y R Jiang G P. Celluar automata modeling
and analysis of E-mail virus propagation J . Application Re-
search of Computers 2011 28 10 3793-3796.
1 . 9 Li MY Muldowney J S. A geometric approach to the global
. 2005 23 3 14. stability problems J .SIAM J Math Anal 1996 27 4 1070-
Ma H J Wang J Z Zhang P. Worm detection and prevention 1083.
system base on immunity J . Journal of Chongqing Normal U- 10 Martin J R H. Logarithimic norms and projections applied to
niversity Natural Science Edition 2005 23 3 14. linear differential systerm J . J Math Anal Appl 1974
2 . M . 45 432-454.
2004. 11 . SEIRS
Ma Z E Zhou Y C. The mathematical model and research of J.
epidemic dynamics M . Beijing Science Press 2004. 2011 35 5 464-470.
3 . Zhao ] P. The stability analysis for a SEIRS epidemic model
T . 2007 29 3 250- with general screening function and latent-age dependence
254. J . Journal of Jiangxi Normal University Natural Science E-
Zhang N Zhang D R Yang J M. Virus propagation and halting dition 2011 35 5 464-470.

strategy of network under the limited resources condition J .

SEIR Computer Virus Propagation Model Based on Direct Immunization

PENG Mei' > LI Chuan-dong” HE Xing’
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Abstract The research on the features of computer virus can provide the theory basis for controlling the computer viruses. According to the
latent features of computer virus a SEIR computer virus propagation model is put forward based on direct immunization. Using the theory of
differential equation it indicates that the value of threshold R, play a role in the spreading of computer virus. Through improving immuniza-
tion rates R, can be controlled effectively and further control the spreading of computer virus. Though qualitative analysis proved that
1 The virus-free equilibrium P, is locally asymptotically stable if R, <1. whereas is unstable if R, >1 and 2 the viral equilibrium P " is
locally asymptotically stable if R >1. Numerical simulations are given to support results of 1 and 2 .
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