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TEToT ZR G, HRAH 0355 53% A T K A o R T 1 3 53 U A R (L0 B2 DAL PR A TR R 58 v ) DR 20 %
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1 REHR

SCERG ToT R GEF B & 73 R LT PURRARES « ) RS (S) VBHLIRZS (D) B IRAS (Q) AR ARZS (R),
PURCPR 5 6] A 405G R ANTET 1 BT7R o A R B JEBE 3 O HE AR A RSB 1 A ZRIB HE R AR s i
IR B B A 2 PR B Bl 5 13847, 20 0 UGB 2 m M n B R S8 . h R RPENLRIEIN T, 5
SR £ BN A BB BI(x,t = 7)/(1 + ol (%, 1 — 7)) N 5 BB 32 B0 R AR AF et I R SR e i
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dl(x,t) BS(x,t)I(x,t —7,) B o onl(xt) _
Py =d,Al(x,t) + +al(xi—7)) 0l (x,t —7,) T+ ol(xd) v ol(x.1) ml(x,t) — wl(x,1) 0
IQ(x,t) _ Q) ~
o =d,AQ(x,t) + 0l (x,t — 7,) L+ ol (x.0) nQ(x,t) — uQ(x,t)
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dS(x,t) _BS(x, ) (x,t —7,) B
o =d,AS(x,t) + A I +al(ei-7) hS(x,t) — uS(x,t)
ol (x,1) _ BS(x, t)I(x,t —7,) oy ml(xe) ~
Py =d,Al(x,t) + TP 0l (x,t — 7,) T+ ol(x0) ml(x,t) — ul(x,1) (2)
ﬂQ(x,t) _ _ _ @Q(%,I) _ _
at - d3AQ(%,t) + el(xvt Tz) 1 + O'I(x,t) nQ(x’t) ,LLQ(x,t)
GRS L)

S(x,t) = Sy(x,¢) = 0,(x,¢) € 2% [-max{7,,7,},0]
I(x,0)=1,(x,t) 2 0,(x,t) € 2% [-max{7,,7,},0]
Q(x,t) = Qy(x,1) = 0,(x,t) € 2 X[-max{7,,7,},0]
H.i /& Neumann 11 5L 51
dS(x,t)  dl(x,t)  9IQ(x,t)
v v v
Hrpr, 00k —4E=3 18] QWDGH I 5 vl 02 B Hb i ) &
AR (2) 47 3w A5 O 0, 153 B T0 B AT 5 E° = (A/(h + w),0,0), SEARFLERR, = BA/ [(w + h)
(p+m+ 60+ m)l RO BB MHERERE IS MR, > 1IN BRI S7E 10T RGP 2%
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Ry > VI G BRI LoT RGE A 25 Sl S AL R R
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B Al +al”) . oI (1 +ol")
Bl +(h +p)(1 +al)’ (n+u)(l+ol )+ ¢

=0,t>0,x e

IR R TIR e e
S >+ S,1+S,=0 (3)
Hrp
Sp=-IB+(h+p)al(m+6+m)o
S, =BAoc-pu-0-9-m)-(n+h)((u+0+m)o+a)+na)
S, =BA - (u+h)(u+0+m+m)
N T ARG B E RGP AR TERIEY (2) 58 A2 b 5] A PD i 5
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Hoe(x, 1) = 1(x, 1) = 1"k, k53 50 8 PR 335 2R 550, P AR ALY (2) , B A
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aS(a?t) =d,AS(x,t) + a, S(x,t) + b (x,0 - 7,)
% = d,Al(x,1) + ﬁ (ayS(x,t) + (ay, + k) (x,t) + byl (x,t = 7))+ cpl(x,t = 7,)) (6)
‘
aog:’t) = d;AQ(x,1) + agd (x,1) + el (x,t = 7,) + a5,Q(x, 1)
Hrp
T flécl* THhan = %’a” —TRome m’asz = %,
P A S — ) e =8

1ol A +al ™ =27
FRYESCHR[ 141,58 L=k (k e N, = {0, 1, 2-++}) A—2 25 [8] 2 1 HA Neumann i3 52419 A B ERAEAE, AT
ARG (6) RHIE TN
A+ A (B)A + Ay (k)X + Ay (k) +e™[ B, (k)A* + B,(k)A + By(k)]=0 (7)
Hrp
ay +k

1 -k,

Al(k)z_an_a33_ s +k2(d1+d2+d3)

+k)d, +d
Az(k) = k4(d1d2 +d,d; + dzds) + kz[_a33d1 - (a“ toas )dz —ayd; - (a22 1‘)( l 3):|

1 -k,
(an + ‘133)(022 + k,,)

+a, a; +
143 1 -k,
d,d +k
A (k) = k°d,dyd; + k4|:_a33d1d2 - aydyd; - Hl(a_ﬂkp):|
d
(apd, + a,dy)(ay, + k,) anay(ay +k,)
+k2[a“a33d2+ 3, ]11_3kd 2 _an 3; _22d
__bzz T ey
B (h) ==
_ (a“ + 033)(1)22 + 022) - a21b12 2 (bzz + 022)(d1 + ds)
By(k) = 1 -k, g 1 -k,
(bzz + 622)d1d3 a%z(bzz + CZZ)d] (an (bzz + czz) = ayby, )d3
_ 74 : 2| @33 k
Bylk) ===tk -k -k,
+a33(‘121b12 - a]l(b22 + sz))
1 -k,

2.1 Turing R&ZE
ARG S AT B X O A A AR E R . 7, = 7, = O RRIE AR (7) AT R LU B
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(Hy):=d,(ay + by + ¢p) = ayd, < 0,d, # d,
ay + k, + by + ey (ay + k, + by + cy)ay, = ayb,
1 -k, 1 -k,
(H){(ab22 +h, + by +cy)d (ap +k, + by + cy)ay, = ayb,
’ 1 -k, 1 -k,
211 RFEPDIEH (k,=0,k =0)
¥ iz, =7,=0Hk, =0,k =0, 5950 (H,)~(H) LI, & T REG(5) A LU N 458 AT .
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+a, <0,

2
l+a1,d2} - 4d,d, <0
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(1) UAFEY B P (d, = 0), R (5) TE BB ARGV 43 E™ AL Jey i i fo e
2) BHAEY R F1F (d, > 0) , REGE(5) TEE AL HE T4 55 E™ AL Turing A FRE -
ER (1)M4d, =0Hk, =0,k = OFF 4FE R (8) AR LU FIER
(A = ay)(A>+ WA + Wy)=0 (9)
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Hﬂ?/\m =y < 0, HFTFXFITFEN + WA + W,y = ORI At L HEA TG
FME(H, ) SL A W > 0, W, > 0, AR5 Routh—Hurwitz 148 , 7T LU E 7772 (9) FRAEAR A9 S22 R 1
Jtlz,/%éiﬁ(S)TﬂF@I)ﬁE A Ry FR T I RS E o
(2)%d, > 0Hk, =0,k, = OB}, HFR(8) A5 R LI F IR
(A +Kdy, —ay) A+ WA +W,)=0 (10)
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W, = k4d d, - kz[d (azz +by + czz) +a,d, |+ an(bzz eyt azz) = ayby,

7 EJ’%:LH, = —kzd <O, HFEXHRA + W, A + W, = 071 HE,

f(u) =d,dyt’ = [d,(ay + by + ) + ayydy Ju + @y, (ay + by + ¢5y) = an by,
AR (H ) )~(Hy) L

dl(a22 + by + 022) +a,d,

w, +u, = dd >0
1¢
_ an(azz + b, + 022) —ayb,
uu, = Jd >0
18

IR f (w) = OFFFEPI D IEMR w,ywy (uy > wy). B (uy + w, ) = 4wy, > TANAS [, — ) | > 1, BIAFAE— N IE
ko e (uyu,), 15 (u) = f(k,*) = Wy, < 0. #HE Descartes 755 U , 7572 (10) B/DFE— NI . 25 E
Jrid , RS (5) 76 V-1 55 E° AL 2 )J5 Turing NFRUE o
2.12 FEPDIEH(k, # 0,k,#0)

EE2 7,=7,=0,d,>0(i=1,2,3)HEk, = 0,k, =0, 850 (H,)F(H;) BT, REG0(5) 1% =4
FERETA 05 B A SRy B R e

ER (1D%d, =0Hk, = 0,k, = O, R (8) A S R F IR

(A —ay)(A+ MA +M,)=0 (11)
Horp
_anpt kp + by +cyp
1= 1 -k, T ay
M. = (azz + kp + by, + sz)an —ayub,
: =

A (H, ) S AR Routh—Hurwitz FI 46 , Al 2 J5 #2 (11D RFAERR A SER8 8 0 T, I, 24 d, = O, 52
PR (5) 76V 5 B A Ryl i AR e o
(2)%4d, > 0Hk, = 0,k, # O, FFAF T FE(8)AE Ky
(A + Kdy, —as) [N+ C(k)A +C,(k)] = (12)
Hrp

a, + kﬂ + by +cpy

C (k) =k (d, +d,) - 1 -k, ~
(ay, + k, + b,y + cy)d (ay, + k, + by, + cy)a,, — ay,b
C,(k) = k'd\d, - k{ B ;; 2+ a,d E—— kiz .

#(H)M(H )RS, C (k) > 0,C,(0)>0.2u=kF>0,EX
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, | lay +k, + by +cy)d, (ay + k, + by + cy)ay, = ayb,
r(u) =d,dyu —|: =k, 1=k,
MR (H, ) BOLIE, Jr R r(w) = O T, pRELr (w) AR S Al uw TCAE 550, X T VE > 0,888 r(uw) = C,(u) > 0.
H4E Routh—Hurwitz FI4E , AT 77 R (12) RRAEAR G SC30 3 Ry B, DRIt , A2 5 1580 (5) 76 F-fiif 5 £ Ak JRy 0 it
Weka e, B PD i ] LA H B Turing ASFa 78 1Y 22 48 108 ] B Fa R A
2.2 HopfH&:
AT H S A I X AR R RS e R, & 7, = 7, = 7, Lo AR S0, TS BR H EE Hopf 43 72 10
A%
WA =io(w > 0) 2 HRET) I —DRMER B A TS
—iw® — w*A, (k) + iwA, (k) + A, (k) + (coswt — isinwt)|[-w’B, + iwB, (k) + B,(k)]=0

+ a“dz}u +

[B,(k) — @*B,]coswr + wB, (k)sinwr = 0*A, (k) — A, (k)
wB,(k)coswr + [ w’B, — B,(k)|sinwr = o’ — wA, (k)
K3 ML, al 45
o° + o' A (k) = 24,(k) - B> ]+ @[ A, (k) — 2A,(k)A,(k) + 2B,B,(k) — B,(k)*]+ A;(k)* - B;(k)* =0
(14)

(13)

S7 =08
7'+ g (k)Z* + g,(k)Z + g,(k) =0 (15)
Horp
g (k) =A, (k) -24,(k) - B,®
g,(k) = A, (k) = 24,(k)A, (k) + 2B,B, (k) - B, (k)
g (k)= Ay(k)’ = B, (k)
FEH LU B
(Hg):g5(k) =A,(k)* = By(k)*<0
(H,):P,N, + P,N, >0
A (H) BOL B AFTEK e Ny 2k > KB, AF0(15) TBIEM . 250 < b < K 0, %X (15) 207
—AMEMR Z,, %R (14) BV TR 0, = /2, SR FAELER A = io,, hX(13) 115
G, -G,

cos(w,7) = T (16)
Hrp
V,=w;B, - B,(k),V,=w,B,(k)
G, =lwiB, - By(k)l[0}A, (k) - A;(k)],G, = 0iB, (k) [ 0} - A, (k)]
H
7\ = (ikliarc cos( ;12;(1;/222) + 2477'} (17)
HP,0<k<K,c=0,1,2---. i F " > ¢, XL
7' =7) =min{7},0 <k <K',ce N} (18)

TR, X0 < b < KB ZF AR F AT IIE, J7 2 (T PTG T oK 3 74 31

(dA)‘ _ €IB3N + 24, ()X + Ay (k)] + 2B A + By(k) _ =
dr A B, A + B, (kE)A + By (k)] A
EEEE
Ww” PN, + P,N,
Re|—— =11 -z
dr NI+ N;
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Hrp
N, = w;B,(k),N, = w,B,(k) - B,w;
P, =[3w; - A,(k)]cosw,7 + 2A,(k)w, sinw,z - B,(k) - tw; B, + B, (k)
P,==-2A,(k)w, cosw,7 +[3w; — A, (k) |sinw,7 — 2B,w, + 7B, (k)w,
SR

sign = sign

dA
Re(d?’)

|9_s]1t|3,g%{fp(m)ﬁijﬁﬂ‘,‘?ﬁﬂﬁﬁ%ﬁfie(fli)

=t}

dr\"
Re(dl’) _m’

> 0, BT R S8 (5) 7V 25 E™ Ak 1 38 Hopf 737

=1

TEH3 A7 (Ho) M(H,) AL A VL NSO -
(%7 el0,7)Mf, REGE(S)FEE BRI 8 B AL REHE e . Mo > o I, RGO 1L
PEA P 5 BT AR ATSE 5

(2)M7 =70 <k <K',ceNy)B, RG(S) TR MGG VA 05 E" A2 ) Hopf 4375 o o, o7 g il
I Hopf 7372 1 5c/ N U
3 HEHEM

AR BRI E IR 25 B TE R L)L K PD I T Turing A& 2 Al Hopf 4322 O3 AR o
3.1 Turing R EHRIIEHI

WM BHA=05,=02,a=01,u=005,7=04,0=0.1,0=0.1,0 =0.6,h =0.02,m = 0.03,
n=003, 80k E LS (H)~(H,). it PB4, B AERR, = 24631 > 1, 1 45
E" =(2.4655,0.71121, 0.47385). 4 #] U % 1 S(x,0) = 2.4655+0.7 cosx, I1(x,0) = 0.71121 + 0.7 cos x,
Q(x,0) = 0.47385 + 0.7 cos x.
311 RFEPDIEH (k,=0,k=0)

E 20, 24d, = O}, ZGEEERT A SR AT 5 E°. 24 d, = 0.425,d, = 0.001,d, = 0.01 i}, F1 & 3(a) Al
VE AT by e N (15 £ (k) < 0, 1 /& Turing ANFUE HBLAY S50 o DL, R G0 (5) 161 0 £ Ak i B3R
Turing A EE (Bl 4), 5 14518 —3,
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RO 00000000 olohobahobobobodd. N0 00000000
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(d) (e) ®

B2 Zir =7,=0,k,=0,k,=0,d=00=123),REG)EFEHEIE LBIMINERE
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312 #ZEPD¥EH (k,#0,k#0)
Lk, =-0.2,k, = 0.2, HABSE 5 K 4 SE0R S —SCH W R A1 (H,) F(H ), R48(5) 78 PD ¥ il i /5

SETREREES) o men] UL, PD G T d 8N 1518 5 Turing A E R A REFEHIRCR .

1.0 0.20
0.8
0.15
0.6
0.10
g% S
= 55
0-2 0.05
0
0
-0.2
-04 L L 1 1 1 L L I ~0.05 L 1 1 1 1
0 10 20 30 40 50 60 7 80 0 1 2 3 4 5
K k
(a) (b)

B3 f(K)Rg(k) BT

10 20 30 40
x

X P
(d) (e) ®
B4 YHr=7,=0,k=0,k=0,d, =0425,d,=0.001,d;=0.01 Bf, B (5) £ FE = E & Turing RFEE

1.5
1.0
0.5
0

1.5

1

-0.5
150
60

—
o
Nty
—
=3
=
—
o
~

150 150 150

100 100 100

50 50 50

() e s scsdcscsasana 0'..“..“‘

0 10 20 30 40 50 0 0o 10 20 30 40 50 60 0 10 20 30 40 50 60
X

X X
(d) (e) ()
B5 Z7=7,=0,k=-02,k=02,d, =0425,d,=0.001,d;=0.01 B, R%(5) EF &= £ b FEIIETZE

0

D
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3.2 Hopfo& izl
PRI ZHA =08,8=038,4=0.05,7=0.1,0a=0.1,0=0.1,0=0.3,0 =0.5,h =0.02,m = 0.03,
- flig 5,

n=003,d =001,d,=005,d, = 001,250k L %M H,

E" =(1.3312,1.6242,3.6043), %& 4% F 4= %0 R, = 9.0746 > 1. & #] If 7%

I(x,0) = 1.6242 + 0.2 sinx,Q(x,0) = 3.6043 + 0.2 sinx.

1.6
1.5
“nl.4
1.3

1.2
3

~
1.6

1.9
1.8
1.7

1.5
1.4
3

1.90
1.85
1.80
1.75
1.70
1.65
1.60
1.55
1.50

45
0

“‘. U uu

! ! ! ! ! J

100 200 300 400 500 600

t
(e)

) A

4.0

3.9

3.8

3.7

3.6H

=2}

35H

H,). it ® 1453,

4 j@ S(x,O) = 1.3312 + 0.2 sinx,

I —

3.4
0 100 200 300 400 500 600

1

()

B6 =k,=0,k=0,7=6<7B, 5% (5)ETER L LBAINEIRE

x 1 200
00
(a)
1.55¢
1.50F
1.45F
1.40H
e}
1351 AN AA e
1.30
1.25
1'20 1 1 1 1 1 J
0 100 200 300 400 500 600
t
(d)
32.1 AFEPDIEH(k, =0,k =0)

HIE 3(b) T LAIAEH, Mk = 08k = 18], g, (k) < OB, 0 (14) ZDFE—NIER . MR4EN(15) F1at
7.3822,7% = 10.6443, At = 7} =

(17) 85T 0’ = 0.216,0° =

Pt A R (B 7) 1%

1.6
1.5
“l.4
1.3
1.2

1.55¢
1.50F
1.45}F
1.40F

“ 1.35
1.30 ‘
1.25

1.20
1.15 1 ! 1 !

~

t

(d)

J
0 100 200 300 400 500 600

0.1806,7° =
W, REE(5) BEE R AL TRE . M =
I:J‘/—\EIE 3 Eﬁéﬂlbg‘éio

2.0

1.9

1.8F

1.7F

~ 1.6

1.5

1.4

1.3

1.8
S
L6
1.4 ‘
3
600
: 400
x 1 200
00
(b)

! ! Il

0

1 1 J
100 200 300 400 500 600
t

(e)

4.0
3.8
3.6

! 600
2 400
x 1 200
00

3.4
3.2

4.0
3.9
3.8
3.7
3.6
3.5
3.4
3.3

3.2 1 1
0 100 200

7.3822. Kl6 KM, Mr=6<7"

7.5 > o I, RGL(S) AV 55 B AR AFRE N, B Hopf 70 %2,

(c)

1 1 1 J
300 400 500 600
t

()

BEl7 Hk,=0,k;=0,7=7.5>7 8, %% (5)EF &= £ A HI Hopf 5 &



100 TSR Rl CF ARBE ) 2026 4F
1.6 1.9 40
15 1.8
o4 1.7

1.3
1.2

1.55p
1.50F
1.45F

1.25
1.20

1.40

Lol
[/ —
1.30

0

322 FJEPD#E

1
100 200 300 400 500 600
t

(d)

~
1.6

1.4
3

1.90
1.85
1.80
1.75

1.70
~

1.65
1.60
1.55
1.50
1.45

Il 1 ! 1 1 J

4.0

3.9
3.8
3.7

3.6 f v\/\/\w ,,,,,,,,,,,,,,

3.5F

0

100 200 300 400 500 600

(e)

3.4
0 100 200 300 400 500 600

()

B8 Hk,=-0.01,k=-03,7=7.58, &% (5) EFE S L A BAIIEIRE

#(k,#0,k,#0)

Lk, ==0.01,k, =—0.3, HAWSHORAE HLH 5% (H) R (H,). i 8RB, 3 2 B ) = 10.3701 > 7.
ME 8PN, Mz = 750, £ PDEHIAIMERTT , BRAASER E MR 2 ke T Aee RS
323 R AHAT A BULAG R R
AT 530 [ Sk, B ke, AT ke, R0 K, WS AT 5320 B AE = (52 (1 9) o W&l 9 (a) iR, 2 k, = -0.01

W, BEE &, B3, 202 B « B/, 2R SRR E X/

BN, 2R G AR X8 (819 (b)) o AT, PD 42 il AT LAGE 2o

T RN, S R G Hopf 7372 194

18

16

14

12

10

T*

— k>0
-—- k<0 701

G IE SIS

60
50f
* a0k
30f
20f

10

4 it

Mk, =-030F, [iE k, (G, 03 B
SN ME Gl O T

I

— k,>0
---k,<0

PN

B9 XHISEE, Ik, BT EE < B0

NG EAAE ToT RGP I I 28 SRR R, SCE AL T — 275 18 BRIAYT BEIR Y SIQR I g™
RIS AR L, JF R AR AL NG T s RIS T SR A A BRI . [RIRE, D 1 98 1 B A 3 2547
PRI R R A, e R | A PD #4605, ZEANF B RIS O N, DY BUA 5%t
K A, B PD a6 T Turing ASAR 2 HAT — 28 M0 0R

G

B ARG A iE’J?‘Zﬂﬁ g5 Tumng7rfg
GO, AT Ry 5328 S50, e S 1 B Hopf 4322 (I LS 1 R o3 20 B (i 32 kX
TSP 5 B AR SRy BT AGE o I R T 20 4 B (ELI B A 2

0 I AR 732 R RN

5 B

PR Hopf 4378 9 &= o

REREN, =

MR /IN T 4340 B (A, A5
A4 5% . PD il ml



AR, F R T PD AR M — £ F EAFRIE T FR A B IR E A AR 101

S 3Lk

[1] MAKHDOOM I, ABOLHASAN M, LIPMAN J, et al. Anatomy of Threats to the Internet of Things [J]. IEEE Communications
Surveys & Tutorials,2019,21(02) : 1636-1675.

[2] SHA K, WEI W, ANDREW YANG T,et al. On Security Challenges and Open Issues in Internet of Things[]]. Future Generation
Computer Systems,2018,83:326-337.

[3] ZHU Q,YANG X,REN J. Modeling and Analysis of the Spread of Computer Virus [J]. Communications in Nonlinear Science and
Numerical Simulation,2012,17(12):5117-5124.

[4] CHEN L, SUN J. Global Stability and Optimal Control of an Sirs Epidemic Model on Heterogeneous Networks [J]. Physica A:
Statistical Mechanics and its Applications,2014,410:196-204.

[5] DONG T,WANG A,LIAO X. Impact of Discontinuous Antivirus Strategy in a Computer Virus Model with the Point to Group [7].
Applied Mathematical Modelling,2016,40(04) :3400-3409.

[6] HERNANDEZ GUILLEN J D, MARTIN DEL REY A, HERNANDEZ ENCINAS L. Study of the Stability of a Seirs Model for
Computer Worm Propagation[ ] ]. Physica A : Statistical Mechanics and its Applications ,2017,479:411-421.

[7] GAO Q, ZHUANG J. Stability Analysis and Control Strategies for Worm Attack in Mobile Networks Via a VEIQS Propagation
Model[ ] 1. Applied Mathematics and Computation, 2020,368:124584.

[8] YU Z,GAO H,WANG D, et al. SEI2RS Malware Propagation Model Considering Two Infection Rates in Cyber—physical Systems [ ] ].
Physica A :Statistical Mechanics and its Applications,2022,597:127207.

(9] EM, ElEz . BAAELMEAL YR AN B9 BEHL SIQR TN R R AL AT o 1] Besry s2 i 50, 2020,50(06) «
171-181.

[10] YU X, WAN A. Dynamical Aspects of a Delayed SEI2RS Malware Dissemination Model in Cyber—physical Systems[]]. Results

in Physics,2022,40:105851.
(L] #0555, IR HAT TR A B 8 SR ) AR M H BB 2544 BB (Y Hopf 20 5 WFFE [T ], WL R~ 24l (B2 i), 2022,
49(05) :570-579.
(12] 5K IEHE , W 2 . BAT I 9 BV A 02 A% 12 000 2 0 2 AL BSR4 3% 8 1 2T 52 [0 ). T HLRE 2017, 44(S1)

390-394.
(13 ] FERCHE, F L, F b6, 47 . IH A O sh T (5 B E L R G0 S stk sl 0o [T ). el e 5 0, 2022,39(08) -
1407-1416

[14] XIAO M, CHEN S, ZHENG W X, et al. Tipping Point Prediction and Mechanism Analysis of Malware Spreading in Cyber—physical
Systems[]]. Communications in Nonlinear Science and Numerical Simulation,2023,122:107247.

[15] KUMARI S, UPADHYAY R K. Exploring the Behavior of Malware Propagation on Mobile Wireless Sensor Networks : Stability
and Control Analysis[ﬂ . Mathematics and Computers in Simulation,2021,190:246-269.

[16] DU B, WANG H. Partial Differential Equation Modeling of Malware Propagation in Social Networks with Mixed Delays [J].
Computers & Mathematics with Applications,2018,75(10) :3537-3548.

[17] JIANG X, CHEN X, CHI M, et al. On Hopf Bifurcation and Control for a Delay Systems [J]. Applied Mathematics and
Computation,2020,370:124906.

[18] ZHU L, ZHAO H, WANG X. Bifurcation Analysis of a Delay Reaction—diffusion Malware Propagation Model with Feedback
Control[ J]. Communications in Nonlinear Science and Numerical Simulation,2015,22(01) : 747-768.

[19] LUAN Y, XIAO M, WANG Z, et al. Hybrid Control of Turing Instability and Hopf bifurcation in CDK1-APC Feedback Systems
with Diffusion [ J]. Journal of the Franklin Institute ,2023,360(16):12170-12197.

[20] KASARAPU S,SHUKLA S, DINAKARRAO S M P. Resource—and Workload—aware Model Parallelism—inspired Novel Malware
Detection for IoT Devices [J]. IEEE Transactions on Computer—aided Design of Integrated Circuits and Systems , 2023 ,42(12)
4618-4628.

[21] YANG W, LI D, CHANG X. Analysis and Numerical Simulation of Computer Virus Propagation Model based on Limited
Resources [ J]. Mathematics and Computers in Simulation,2024,223:494-508.

[22] ZHU P,XIAO M, HUANG X, et al. Spatiotemporal Dynamics Optimization of a Delayed Reaction—diffusion Mussel-algae Model
based on PD Control Strategy[ﬂ. Chaos, Solitons & Fractals,2023,173:113751.

(F#%1127)



112 SR LIRS === [ QSRS = 30 2026 4F

Variable Selection of Poisson Regression Model
ZHANG Wen-jing,DONG Cui-ling*
(School of Mathematical Sciences , Xinjiang Normal University , Urumqi , Xinjiang ,830017 , China)

Abstract: As a core tool for counting data, the accuracy of variable selection in the Poisson regression model
directly affects the interpretability and prediction performance of the model. In this paper, R software is used to
study the advantages and disadvantages of six variable selection methods in Poisson regression , including LASSO,
Ridge regression, Elastic Net, SCAD, Bridge and Adaptive Bridge, through numerical simulation and empirical
analysis of shared bicycle rental data.The results show that the SCAD method performs best in terms of model
goodness of fit and prediction accuracy, and it is suitable for large samples and highly correlated data; The Adaptive
Bridge method achieves a good balance between model complexity and prediction stability. This study provides a
modeling tool with both accuracy and stability for the practical application of counting data.

Keywords: Generalized linear model ; Poisson regression model ; Variable selection methods ; SCAD ; Adaptive
Bridge
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A Delay—diffusion Malware Propagation Model with Limited Treatment

Resources based on PD Control
GUO Jia',LI Ting™,WANG Huai-zhu?
(1.School of Mathematics and Statistics , Ningzria University, Yinchuan , Ningzia, 75002 1,China;;
2.School of Advanced Interdisciplinary Studies ,Ningxia University , Zhongwei , Ningzxia , 755000,China)

Abstract: In order to investigate the spatial-temporal dynamic propagation characteristics of malware in the
Internet of Things system, this paper establishes a delay—diffusion malware propagation model with limited
treatment resources based on the theory of differential equations. By analyzing the relevant characteristic equations,
the conditions for Turing instability and Hopf bifurcation are derived. To enhance the system stability, Proportional—
Derivative (PD) control is introduced into the model, and the stability of the controlled model is analyzed.
Numerical simulations confirm the correctness of the theoretical derivations and demonstrate that the occurrence of
Turing instability and Hopf bifurcation can be controlled by choosing appropriate parameters of the PD controller.

Keywords: Internet of Things ; Malware ; Delay—diffusion ; Limited treatment resources ; PD control



