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Predator-Prey System with Markov Switching

and Partial Benefit Relationship

LIN Ziyan, WEI Chunjin, ZHANG Shuwen
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Abstract: The dynamics of a stochastic predator-prey system with Markov switching and partial benefit re-
lationship were investigated. By constructing Lyapunov functions, it was shown that the model had a global posi-
tive solution. Sufficient conditions of the system to be extinct and persistent in mean were also established. Then
it was found that the system had a unique stationary distribution and ergodicity. Finally, some numerical simu-
lations were provided to demonstrate the result.
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du(t) = x(t)(r, —ax(t) —cz(t)) +o,x(t)dB, (1),

dy(1) = y(1) (ry = ayy(1) + bx(1)) + oy (1) dB (1) | (1)

dz(t) =2(0)(—d — az(1) + kex(t)) + 0,2(1)dB, (1) .
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Hrbow(e) cy(e) c2(t) R . vy, 2 6 BNZIRY B R, BRI S8R IER; r L o, 0 0IER
IRFPRE v,y AN BB, d RORFIRE 2 IPETR; o, (0 = 1,2,3) RRFIRFY R BRI 2R 8; b FR
PR XEFPEE y MR SR A ¢ AR 2 PRI RE « MR &R, & 2B 2 XT R IE o 1955 1R,
ol (i =1,2,3) EEAMERE . B, (1) (i=1,2,3) 2% XAEBHFMREN(Q,F, | F,} ,,P) DB
FIAREA iz s, HpgEF (F ] o & Q EI—A o AREELW 8% & (BfiEs:, F, B& A
IFDLE) .
LSRG, £ REAE TR . RAARTER), FERGRE T Z A1+

Mo, 2B —FgcE BAMHBR AR AT, 8RR AL T YRR A GRS  SOFRER R
A M A] DUEAE PRl R DL ISR BEN L, B EOLT , RS UIRIEREA R TR
R FE A, HRIGEZR, FHEAGRREZNE S = (1,2,--,m} B ESE Markov 8 y(1) Mk
RS RGP A @S, A FFEA Markov FERIHLI - AR, B

da(t) = x(t) (r, (y(2)) —a, (y(2))x(t)) —c(y(2))z(2))dt + o, (y(t)x(t)dB, (1),

dy(t) = y(1) (ry(y (1)) = ay(y(1))y(2)) +b(y(1))z(2))dt + o, (y(1)y(1)dB, (1), (2)

dz(2) = 2(1) (= d(y(1)) —as(y(2))z(1)) +k(y(2))e(y(r))a(t)de — oy (y(1)z(1)dB, (1) .

1 F&EA
NI, HHUTES: g = min,_ {g(y) ;g = max,fg(y) i
é\y(t) E’Jﬁiﬁfﬁ%r=(qy)\w, Ejﬁfi

4,6 +0(8) , ] # i,

Ply(1+8) =jly(1) =i} = (3)

1 +¢;8+0(8),] =1,
Hoh 850, M0 B, g, >0 JEARE i A j HEBSA IR Y g, = 0.

fii Markov £ y (¢) AN AT 1Y, BD RGERETEAT SR B AR 7] 0 B A e — 1Y-F 5240
fim=(m  m,-m,), WEal =0, 211771. =1, 7,>0, VieS,

B (1) = (x, (1) ,2,(2) - ,x,(2)) (1 = 0) ZFEHLH TR

dx(t) = f(x(2),t)de + g(x(2),t)dB(¢) (4)
fof, Hr, fel'(R" xR, ,R"); ge’(R" xR, ,R™™); B(1) /& n fEAHLED),

EI 1™ (fifemE—rEE ) B A () ) T g (x (o) ,0) KT x (o) RIS, 1) R
Lipschitz 2c 1, £ 76 ¢, >0 (k =1,2, ), flif Vx, y e R" H [x|V |y|< bk HAHFK
fx,t) =G |V lg(a,) —g(y,0) < el x =y | oL, 2) RUEHBK AL, 71 >0, 15
fx,0) |V lg(x,e) [Sc|l +|xll,V(x,t) e R" xR, , WRHRFZA R x(0) =5, € R" 1Y RE (4)
FAAEME—IE S0 i x(¢) (¢ € [0,7,)) , 7, JEREBEINE],

2 (oAR)  HF V(e,x(t)) e C"*(R" xR,;R) |, W V(e,x(e)) Ph8RE ok #8, HA
WNBENLY : dV(e,x(2)) = V. (t,x(e))de + V, (e,2(2) )dw(t) + da" () V,, (t,2(2) )dx(2)/2,

EE3" (BN R IEER) B (1) (0= 1,2) S EBENLE IR dx, () = £ (x.(2),
O)de + g(x,(t),0)dB(r) HIfR, Hi, f(x,) € C([0, +) x R) , g(x,1) € C([0, + ) xR)
FWE: 1) AAEE LAE [0, +o) LR p(0) =0 K j:p(s>ds = o MR E p(s), M
lg(x,t) —g(y,0) [<p([x-y|), x, yeR, 120; 2) fi(x,0) Sfi(x,0), x € R, 1 =0; 3)x(0) <
6, (0) , WA %, (1) < x,(1) , t=0,

BX 1 fa() 2R (2) WEEM, 0. 1) %}irﬁx(t) =0, WIBRMBEE x (1) FKLH;
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2) HAPENERECL, R0 Wi sup e [ x(s)ds < 1, OUBRBITE x(0) PRI

B0 3) BRI, SRR x (0 WA Time ™ [ w(o)ds = 1, SUBRRARE () HF HrFs:

HAE
S 1M A fe C[[0,0) x2,(0,0)], 1) WEFEEFBN,. N, 15 Inf(1) = A -

Ao ff(s)ds +F(t) , WMTFEEM=0,F e C[[0,o) x, R], MH limF(1)/t =0, A Alim inf
= fof(s)ds = A/A, ; 2) WURTEEESHEOA, . A, I f(1) < At - A, j;ﬂs)ds FF() | MTEE

Me=0, F e C[[0,0) x2,R ], TH lim F(t)/t =0, H84 lim sup ff(s)ds/t S Ao
0

SIE 2 FERG (2) WRTFHIKM: 1) MTEENj#i, i, jeS, #A q; >0; 2) XffE—
MNkeS, D(z, k) RXFRHRE, XA e R LEHp e (0,11, Wik:pl {17 <I'D(z,k) { <
p 1 L2, LeR"; 3) FEHEEAGENDFVIESARATE UeR", WEMTEREN ke S, fEE—
e IR FTTREL V(- k) FUEHEE s > 0, XA (2,k) e D° xS, A LV(-k) <-s, WRGK
(2) il iy H B AT ME— 1 AR i

2 FELZRNHIUEA

EE4 WMEESHENVIE (£(0),y(0),2(0)) e RY , &G (2) FAAEME— (x(2) ,y(1),2(1)) €
R}, JEHDMER | f77ET R,

WA 2 u(t) =Ina(t) ,o(t) =Iny(t) ,w(t) =Inz(t) ., H oA AT

du = (r,(y()) = a,(y(1))e" —e(y(1))e" — o (y(1))*/2)dt + o, (y(1))dB,,
dv = (r,(y(1)) = ay(y(2))e" +b(y(1))e" =, (y(1))?/2)di + o, (y(1))dB,, (6)
dw = (=d(y(1)) —ay(y(1))e" +k(y(1))e(y(r))e" = oy (y(1))?/2)dt — o, (y(1) ) dB;,

IR, RGE (6) Wi/EJHE Lipschitz 5514, W R GAAAEME— R A# (w(2) 0(2) ,w(t)) (¢ e [0,
7)), Hrbr, BB B oA, (x(0) ,y(0) ,2(0)) = (e ,e" ") BRGE (2) WA
BIHE (x(0),7(0),2(0)) e R, HIME—fif, Dy TIEMIX MR AR, REIEN 7, = 4,

A ky >0 BUER, 15 (x(1) ,y(1),2(0)) e [1/ky ko) x [1/ky ko] x [1/ky ko] , N TAEERIE
Whk=k,, EXL—MERFES 7, = inflt e [0,7,) () € (1/k,k) 8y (1) € (1/k,k) B z(e) € (1/k,
k)b, B inf ®=+0 (®RE-DEHE), B, Yhooltf, 7 ZRMEBIEY, Hr <7, A7,
= lim 7, Hrr, <7, RFEH 7, —>w,

Bk 7,4 o, WEEEHT=0. e e (0,1) M1 —NEEk =k, A P{7,<T| =€, Vk=k,

EXL—DC-RB V(x,y,z) =[x-1-Inx+y—-1-Iny+z-1-Inz], H o115

LV = r,(E)x —a,(k)x> = c(k)xz +r,(k)y —a,(k)y* + b(k)xy —d(k)z — a5 (k)2 +
k(k)c(k)xz —r (k) +a,(K)x +c(k)z —r, (k) +a,(k)y —b(k)x +d(k) +
as(B)z = k(k)e(k)x + o, (k)*/2 + 0,(k)*/2 + 0, (k) /2 <
[—a,(E)x*/2 + b(k)xy —a,(k)y’ /2] + [ —as (k)2 /2 + (k(k) = 1)c(k)xz -
a,(k)x* /4] —a,(K)x*/4 + [r, (k) +a,(k) —k(k)e(k) —=b(k)]x —a,(k)y /2 +
[ry(k) +a,(k) ]y —a; (k)2 /2 + [c(k) +ay(k) —d(k)]z+d + (o] + 05 +07)/2,

T [ -a,(E)X/2 +b(k)xy —a,(k)y* /2] . —a,(k)x*/4 + [r, (k) +a,(k) —k(k)e(k) =b(k)]x -
a,(k)y’ 72 + r,(k) + a* (k) ]y = ay(B)Z°/2 + [c(k) + a;(k) = d(k) ]z, [ = a;(k)Z/2 + (k(k) -
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De(k)xz —a,(k)x* /4] fFERKME, AN, WLVN, A dV(x,y,z) < Ndt + (x —=1)o,(k)dB, (1) +
(y =1)o,(k)dB,(t) = (2/k =1) o, (k)dB,(t) o $ LM 0 2] 7, AT BUHBUHER ., E[V(x(T, A
T),y(r, NT),z(7, NT))] = V(x(0),y(0),2(0)) < NT,
WO =1, <Tl(k=k),P(Q) =, WFIENwe, #Hx(r, NT) ,y(r, NT) ,z(1, \
T) ZOHPZ 5T kol 1/k, B V(x(0),y(0),2(0)) + NT = E[10Q,(0) V x(7,,0) ,y(1,,0), z(7,,
w)]=ze(k-1-Ink) N (1/k -1 +Ink), XE10 (o) /&0, FEREE, 2 k> 40, f +0 >
V(x(0),y(0),2(0)) + NT =+ , X5 V(x(0),y(0),2(0)) + NT HAREFE, Wit r, =, BT
DARGEAME— IR (x(2) (1) 2(0)) , JFHUMERE 1 FAET R H,
EES MTHHLRLE (2), Sm o= Y mlnk) —oi(k)/2](i=1,2) ,n =3 _m[dk) +
o (k)21 , WAT: 1) &m, <0, m, <0, WFEEx(t) . y(2) . 2(r) BKL; 2) %5 m, <0, m, >0,
MFPRE x (1) L 2(2) K4, FhEE v (o) FFFEEAAE; 3) #7m, >0, mya, +Zm1 <0, EZml —na, <0, W
FOBE o () 59 FIgFFEE A7, FIBEy(2) , 2(2) K4, 4) #m, >0, mya, +Zml >0, %\c/m1 —na, >0, W
FIRE x(2) L y(e) | 2(2) 59 VPIIFFEEALE
WA 1) XFRSE (2) T a(e) , WH oA n]15
dlnx = [r(y(t)) —a,(y(t))x —c(y(t))z = o1 (y(t))/2]dt + o, (y(2))dB, (1), (7)
B (7)) PIN0 B ¢ By TT 1S
nx(1) =Inx(0) + [ [ (y(5)) = 0t (9())/21ds = [ ay(y(s) s -
) ) (8)
[ etr())zds + [ o (v(5))dB (5) .
X5 (8) P FIRTERLA C JFBURBRT , Timi ™ In x(1) < lime! In2(0) + ime™ [ [r(v()) -

G (y())/21ds + M (1), Bl M) = Time [o(y())dB, () o hoy(0) 10 5

lime ™ [ [ (r(9) = ol (3(5))21ds = Zmlr(k) - oi(h)/2] = m <0, lima(e) =0, W
x(r) K, BIA

ny() =lny(0) + [ [n(y(5)) = a3(y())/21ds = [ ar(y(s) yds +
, t (9)
[ by (s))ads + [ o (v(5))dB, ()

X (9) PIh R BR LA ¢ JF B BR A5, lli}r{gt“ﬂn y(t) < [liﬂt_lln y(0) + lli}r};t_l f [ry(y(s)) -
o3 (y(s))/2]ds + llirgl_l Jt)b(’y(s))xds , Hox(t) K4, H tlirgt_lln y(1) < tlirgt_l j:)[rz(y(s)) -

R (y(5))/2]ds = Ymln(k) = o3(k)/2] =my <0, limy(t) =0, Wy(r) Keds, BT

Inz(1) =In 2(0) + j;[— A(y(s)) = o (7())/21ds = [ ay(y(s) )ads +
(10)

[ Er())e(y () )ads + o, (7(5)) By ().
1 2(1) < In 2(0) +f;k(y<s))c<y(s)>xds +j;a3(y<s))d33(s) Cta(n) K, 5575 (1) Kés,

2) Hi1) WEBIRTAL, Y m, <O B, FPRE (1) K%, WIHMERR &, >0, FF7E k>0, 154
t=k W, A
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- =x(t) <¢g, (11)

=l (9) Al

In (1) < 10 y(0) + [n(¥(1) =@ (¥(1)/2]1 = ay(v(1) [ yds + (vt + [ oa(v())aBL(s) |
In (1) = 10 5(0) + [ (¥(1) o (¥(1)/2]1 = ax(¥(1) [ yds = b(y(s)et + [ oa(v(s)) B ().
EIRE 115, lirtrliup ! J;y(s)ds <m,/a, +b(y(s))e/a, , litrgﬁinftfly(s)ds =m,/a, -b(y(s))e/a, o

om0, A lime™ [ y(5)ds = mo/ay , FOEE () RFHREATEN, st (10) 51, ST ()
TAhE, FBE2(1) K,
3 HR (8) A, ) < I x(0) + [n(r() = air()2] = e [ (r(9)ads +

[on(v()am,(s) o dmim

lim supfac(s)ds/t$m1/alo (12)
0

1>t

Mom, >0, RIFPRE x(0) 25 FRFFEAAAR . a0 (12) A (9), A
Iny() <Iny(0) + [r(y(s)) —a3(y(s)) /2]t +b(y(s))mt/a, +J;02(7(8))d32(8)o (13)

TP R BR LA ¢, IF B BRAS ,LHE t"'In y(1) < [li?ml[rz(y(s)) — o3 (y(s))/2 +b(y(s))m,/a,] .
oy BT, Al [ [n((6)) = 20972+ b)) m/aJds = Fm[n(h) -

o2 (k)/2 + b(k)ym,/a,] o B mya, +bm, <0, 15 limy() =0, W y(e) R, FRKL (12) AR
(10), A
lim ¢ 2(¢) < lim[k(y(s))e(y(s))m/a, = d(y(s)) - o, (y(s))/2], (14)

t—> 4o

oy () B D, A T [ R G))e(r())m/ar = d(y(5)) = o3(y())/2]ds =

z77',C[k(k)c(k)ml/a1 —d(k) -o3(k)/2] , H %Zml -na, <0, 1§ l%mz(t) =0, Mz(e) K4,
4) H3) MIEATEL, M om, >0 B, FRE «(e) BECEWFREE AN, X (13) hglH 1A,
lirrisup t7y(s)ds < (m, + Zml/a,)/az , H mya, + Em] >0, FlE y(2r) 25 P AEfER, X

(14) HEIE LA, limsupe~'z (5) ds< (kém,/a, =n) /ay , H kém, — na, >0, WFAFEE (1) |
Y (1) L 2(1) BT

E1 Ym,<OR, HEMRSH3) A, Ym >0, WARED < - mya,/m, B, FhEE (1) BK
iy, H4) M, Ym >0, WAREKD> -ma,/a, B, FEEy (1) R PIFFLEATR, G
TR ZRH b XTFIEE v (1) BRI,

EE6 BN (DA = (b +ke)/al) Y m(r(k) - o, (k)*/2) = Y (0, (k)*/2 + d(k) +

o, (k)72 =1, (k) >0 Jor, STAEEAERWIE (x(0),y(0),2(0)) e R, &4 (2) HAmIM,

WERA 2 u(t) =Inx(e) ,v(t) =Iny(e) ,w(t) =1Inz(t) . KEREE (2) kRS (6), HX
Bk [17] RYSIE3.2, FHERSG (2) SRS (6) WmGMAERSNE, ETRIEVRS (6) W27
203 A RS j#=i I, ¢, >0, B, 5132 mRg&MFE 1) oL, 2 g(z,k) = diaglo, (k),
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o, (k) oy (k) , W D(z,k) =g(z,k)g" (2,k) = diaglo, (k) ,o,(k) 0, (k) | ZIEER, B, 5182
&1 2) War. A TUERAG I3 2 460 3) oL, & S—P4Em k% h(u,v,w,k) = (ke' + e +
e ) /(0+1) =M((b+ k) u/a, +v+w) —u, Hoe (0,1)WRa, -3 >0, a,k -3 >0, a,k -
3% > 0,Ma, < (ak -3°0)e’/2 , M((b¢ + k) /a, + ay) < (ash —3°B)e’/2 o MZEREE L
-MA +N, <-2, (15)
-MA + N, <-2, (16)
H N, = M[(be + k) /a, +as)e” +C 5Ny, = M[ (bé + k) /a, +ay)e” +ae” +C o S h(u,v,w,
k) FEAER/IMES, h(uy 0y ,w, k) o EX—ADTHER)VREL V(w,w,w,k) = (ke +e +e)'/(0+1) -
M((B + k) uw/a, +v +w) —u = h(uy vy 00.k) + M(w, + |w|) o2V, = (ke +¢ +e)"/(0+1), V,=
M[_(5+%g>U/&1 v —w)],V, =-u,V, = Mw, + @), H, o = (mlmnll), 1w | =
o)+ 4w, w, WEXTERHA N, Al o | 2R T ok+ |w [3E6R, B, B FwESK
HV(u,v,w,k) R, B HFEEALTTE .
LV, =(ke" +e" +e" ) [k(k)r,(k)e" +r,(k)e +b(k)e" —k(k)a,(k)e™ —a,(k)e” -
ay(k)e™ —d(h)e"] +0(ke' +e' +e")" (K (k)ot(h)e + o5 (k)e” + a3 (h)e™)/2 <
36[k(k)rl(k)eu +r2<k>en +b<k)eu+1r]<kﬂe()u +efh: +eﬂw) _kﬂ(k)al(k)e(ﬂ-#l)uw) _
ay (W) (k) e ™™ — ay (k) k(k)e"™™ + 0k’ (k) (k) e" "™ /2 + 007 (k)" /2 + 0% (k) e /2 <

‘A

O Y0+14 u(6+1 b4 A Ao 0 N Y paub+e | n v(0+]
3T e+ kr e + ke + ke + het Y 4

A

rze1)+wﬁ] + eu+1}[ _ <&1 _ 365)7;96(# _
(af =3°0)e” = (ak =3B)e™ + OF e " /2 + 052D /2 + 602 (k)e" "V /2 <

o1 Y6+12 0+1 A 0 e 00 A Y0 ub+v A w(f+1 A w6 - 07\ 760 (0+D)u+v
3 E™ rleu( R krie"™ + kre"™ + k""" + rze'( g re ™) - (a, —=3"b)k elfrhuer _

(ah =3°8)e ™V — (af = 3°0) e ™™™ + O e "V /2 + 652"V /2 + 002 (k) e "V /2, (17)
LV, = M[ = (r,(k) —o,(k)>/2) (8 +ke)/a, —ry(k) +0,(k)2/2 +d(k) +

o (B)2/2 + ((be + k) @, + 4y) € + e’ ], (18)

LV, < a,e" +ce" +32/2, (19)

LV, :Mgzﬂk,(ml —w,), (20)

HT 4w, XA = (A-A )", XBA, = (r,(k) —0,(k)/2) (b +ke) /4, - (o,(k)*/2 +d (k)
+U3(k)2/2 -r(k)) o Hﬁ?ﬁi)ﬂi%ﬁﬁ?lﬂ%xﬁfé"]lﬁ@, X‘T’EE%'DE/‘]A“ fifEw = (wlm,ln> ’ B
WARGH—A, W (Fw), -A, = Y (m ), Wik, A

N o (w, -w,) - [(r(k) —o,(k)2/2) (b +k)/a, - (o,(k)2/2 +d(k) +

o (k)°/2 =y (k)] = = [(bb + k&) /a, X m (ri (k) = o (k)*/2) = X (o, (k)*/2 +
d(k) +oy(k)*/2 =, (k)] == A, (21)

i (18) . R (20) ~R (21) AR L(V, + V,) = M[ = A + ((b¢ + k) /a, + ay)e" + a,e’ | A
LV< —MA + M[ (B¢ + k) /a, + ay)e” + a,e’] = (a, - 3°5) ke V2 -

(ayk = 3°8)e ™V /2 — (ak - 36b) e /2 + a,e" + C, (22)

Ht ¢ = sup |- (a, = 3"D)k,e "2 = (ak - 3D)e ™2 — (ak - 3°B)e" /2 +

(u,v,w) eR3
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39[k9+l;leu(9+l) + k;leuﬂ:ﬂ + k;leuﬂo() + ;zkeeuﬁﬂr + ;zel"((}-%-l) + ;zerﬂuﬂ] + Ceu' + (5_?/2 + 0k3a"_?eu(ﬁ+l)/2 +
Oose" " /2 + 0o (k)e ' " /21
BGE/MO% e, W2

0 <e < Aa,/(4(b¢ + ke +aya,)), (23)

0 <e<A/(4a,), (24)

ae <1, (25)

Ho, N>0,i=12, E8XD =D'uUD UD UD'UD UD°, H"¥'. D'= { (u, v, w) eR’;
O<w<lel; D= {(u, v, w) eR’; 0<v<Ilnel; D’= {(u, v, w) eR’; O<u<lnel; D'= { (u,
v, w) eR; w>hne'l; D=1 (u, v, w) eR:v>he'}; D= | (u, v, w) eR’: u>lhe'},

SF Bk e, BEFMIEHED b, A LV(u,0,w) <-1 /57,
1) *F (u,v,w) e D' xS, A
LV<-M\ + M[ ((B¢ + k) /a, + ay)e" + ae’] = (a, = 3°B) R0 /2 -
(a) =3°B)e V2 = (ak = 3°0) e /2 + " + C <— MA/4 + [ - MA/4 +
M((bé + k) /a, + ay)e] + Maye” = (a, = 3°D)E e ™™ /2 — (a,k - 3°F)e”/2 -
(a =3°0)e"™™/2 = MA/2 + aye" + C <—MA/4 + [ = MA/4 + M(be + k) /a, + a,)e] +
[Ma, - (ak -=3°B)e’/2]e" = (a, = 3°D) ke " /2 — (ak - 3°D)e /2 +

[-MA/2 + sup 3{&16" +Cl], (26)
(u,v,w) eR
EX M = (2/0)max{2, sup {ae" +C}} , AIHI (MA)/4 =1, 3L (23) 15, LV <- MA/4 -

(u,v,w) eR3
(a, =3°D)E’e ™2 — (ak = 3°D)e™ /2 < -1, Wk, 7D FLV< -1,
2) XF (u,o,w) e D> xS, A
— LV <MMA/4 + (= MA/4 + Maye) + [M((b¢ + ké*)/a, +ay) - (ak —3°0)e’/2]e" -
(a, = 3°B) RV /2 — MA/2 = (a,k = 3°8)e ™" /2 + qe" + C < - MA/4 +
(= MA/4 + Maye) + [M((be + k) /a, + ay) — (ak —3°)e’/2]e"

—(a, =3 D)Ee V2 — (ak —3°8)e® V2 + [~ MA/2 + sup lae +Cl]. (27)

(u,v,w0) eR3

= (24) 18, LV<-MA4 - (a, =3 D) ke V"™ /2 - (a,k -3°B)e ™2 < -1, Wik, 7ED*
LVs< -1,

3) MF (u,o,w) e D) xS, A

LV <=M\ +aye" + M[ (bé + k) /a, +ay)e” + ae’] — (a, = 3°b)Ee /2 -
(ayk = 3°B)e ™2 — (ask = 3°0) e /2 + C < - MA +a,e + N, , (28)

% e BN, L (15) X (25) 18, Lvs -1, [k, %D b, Lvs -1,

4) XF (u,o,w) e D' xS, A

LV <=M\ - (ak =30)e"/2 = (a, = 3°B) k% ™V /2 — (a,k - 3°0) eV /2 + N, <
- MA - (ask -3°0)e’/(2€) + N,

A e BN, X (16) 15, fED' b, LV< -1,
5) XF (u,o,w) e D> xS, A

LV <=M - (a,k -30)e?/2 = (a, - 3°B)k6e ™" /2 — (ak = 3°0) e /2 + N, <
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—MA = (a,k -3°D)e’/(2€) + N, (30)
% e /N, i (16) 13, ED I, LVs -1,
6) T (u,o,w) e D° xS, A
LV<-MA - (a, -3°D)E%e"/2 = (a,k = 3°B) eV /2 — (a.k = 3°0) "™ /2 + N, <

von (31)
~MA - (a, -3D)k’e"/(2€) +N,,

e g/, B (16) 15, 7ED° b, LV -1,
ik, D L, ALV(u,o,w) <-1, HEIE2, AIHMARS (2) J2lbnd HEAME—-F

4 FEERWER

T IFSE R A W E, R Milstein 257 30 S BENLR S (2) PEATRCME ML % p sy
(2) HEHIEE RN

X =%, +x,(r (k) —a,(k)x, —c(k)z,)A +0—|(k)kafk +0'?(k)xk<§i -1)Au2,

Yin = v A0 (n(k) = ay(k)y, + b(k)x,) At + o, (k) y, /Mg, + a3 (k)y, (& - 1)Au/2, (32)

B = 5 +5(=d(k) —a;(k)z, + k(k)e(k)z) At + 0y (k)z/Até, + 03 (k)22 - 1) A2,
Hep, £Gi=1,2,-,n) R N(O,1) FAHE IS AT REHLAS B 8% Markov §% y (1) 7EARASZS 1]
5=ug}%¢mﬁ%r=(i jnoﬁ%Mmm%WU)%Kﬁ%ﬁ,%@Wu>%¥ﬁﬁﬁ
7 =(0.6,0.4) .

R (2) PERBEEIT . r (1) = r,(2) =0.1,r,(1) =r,(2) =0.15,d(1) =d(2) =0.05,
a, (1) =a,(2) =0.1,a,(1) =a,(2) =0.5,a,(1) =a5(2) =0.8,k(1) =k(2) =0.5,¢(1l) =¢(2) =
1,b6(1) =b(2) =0.1, FFHRER (2) B0IR{EHN (0.5,0.4,0.3) , WA

1) o, (1) =0.5,0,(2) =0.73 ,0,(1) =0.65,0,(2) =0.6 ,0,(1) =0.4,0,(2) =0.35,
T m, =-0.08158 <0 ,m, =-0.04875 < 0, WAASEAEREWE R ERLS 0950 1) BIFh
B, v,  BRRL4EH, WKL,

2) Wo, (1) =0.5,0,(2) =0.75,0,(1) =0.25 ,0,(2) =0.3,0,(1) =0.4, 0,(2) =0.35,
HEAfSEm, =-0.0875 <0 ,m, =0.11325 >0, WARSEHEFR L CH S 1% 2), BIFhEE
x(1) , z(0) KU, MRE y (o) PSR, WA 2,

3) o, (1) =0.25,0,(2) =0.3,0,(1) =0.65,0,(2) =0.7 ,0,(1) =0.8,0,(2) =0.9,
HEAS m, =0.06325 >0, mya, +bm, =-0.00115 <0 , kem, —na, =-0.008775 <0, BIRZHL
MR A B S AR 3) o BIVFIRE x(0) R3S TPIFEAARN, FIBE (1) , 2(0) RRL4, WA 3,

4) o, (1) =0.25,0,(2) =0.3 ,0,(1) =0.3 ,0,(2) =0.25 ,0,(1) =0.1, 0,(2) =0.2,
HEAE m, =0.06325 >0, mya, +bm, =0.017375 >0, kem, — na, = 0.025525 >0, WKRSHK
AIREREE R E B 5 BRI 4) o BIFRRE x(0) | y(2) , 2(2) PIREFPFIIFFEELH, WA 4,

FF R ME 2 TR, Mo, o, FEARAE, o, 25/, FIRE v (o) K408 1 P 2 R s
15 WSR3 R 4 TTLARER, Mo, RAE, o, o B/, FIEEy () | 2(0) HIRLAS R 557 BRes:
AAF ., BILATAL, BENL ST R A A B E A, KA TSR K 4L,
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t t t
() x(0) (b) »0) (c) z(0

B R%(2) KRB HEEREEYIEA(0.5,0.4,0.3) TN HYF 8] FF 51
(0:(1)=0.5, 0:(2)=0.73,0; (1)=0.65, 0; (2)=0.6, 73 (1)=0.4, 03 (2)=0.35)
Fig.1 Time series of system(2) and its corresponding deterministic system with initial value(0.5,0.4,0.3)
(0:(1)=0.5, 0:(2)=0.73,0: (1)=0.65, 0 (2)=0.6, 03(1)=0.4, 73 (2)=0.35)

0.7 — BLHE: Stochastic 0.6 — BLME Stochastic 04 — PP Stochastic
- — HipeEE Deterministic 1 — — HfiErE Deterministic — — Btk Deterministic
0.6
0.5
hy
Ty
1 %
E b
4o
i
W
0 0 10 2‘0 3‘0 40 5.0 60 7‘0 8‘0 90 100 0 0 lIO 2‘0 3‘0 4;0 5.0 (I\U %O 8‘0 9‘0 100 0 0 10 20 ;‘0 40 ;0 60 70 5;0 9‘0 100
t t t
(@) x(0) (b 0 (©) 29

25T

B2 R%(2)R B HEEREEYIEA(0.5,0.4,0.3) TN HY A 8] Fr 51
(01(1)=0.5, 0:(2)=0.75, 0,(1)=0.25, 0;(2)=0.3, 0;(1)=0.4, 03(2)=0.35)

Fig.2 Time series of system(2) and its corresponding deterministic system with initial value(0.5,0.4,0.3)
(0:(1)=0.5, 07(2)=0.75, 0, (1)=0.25, 0,(2)=0.3, 03(1)=0.4, 0,(2)=0.35)

— PiifLPE Stochastic
- — W@ Deterministic

0.7 — BLM: Stochastic

— — Hi%EME: Deterministic
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07[
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(© =)
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B3 R4t(2) KR8 R HHE MR B HIE X (0.5,0.4,0.3) TRIRT ] 7 51 E

(7(1)=0.25, 07(2)=0.3, 0;(1)=0.65, 0,(2)=0.7, 0;(1)=0.8, 05(2)=0.9)

Fig.3 Time series of system(2) and its corresponding deterministic system with initial value(0.5,0.4,0.3)
(¢7(1)=0.25, 07(2)=0.3, 0;(1)=0.65, 0,(2)=0.7, 0;(1)=0.8, 03(2)=0.9)
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12 — FififLPE Stochastic 09 | — BEPUE Stochastic 0.7 — FifiblIE Stochastic
— — HfiEE Deterministic 08 { — — etk Deterministic — — Hfi7EE Deterministic
- } 0.6
{
] 0.5
) ;
1 04
‘ N
[N
t 0.3
i’ o ' \
I . N
' > :{( 0
A ' L} * i 1
o / "u“‘)‘ oM
"' . L] -
0 e : .
300 0 50 100 150 200 250 300
t
(c) =(9)

E4 RG(2) R AR RE R R EYE 4 (0.5,0.4,0.3) TR A 18] 7 51
(03(1)=0.25,07 (2)=0.3, 0;(1)=0.3, 0; (2)=0.25,0; (1)=0.1, 75 (2)=0.2)

Fig.4 Time series of system(2) and its corresponding deterministic system with initial value(0.5,0.4,0.3)
(04(1)=0.25,07(2)=0.3, 0;(1)=0.3, 7;(2)=0.25,0; (1)=0.1, 75 (2)=0.2)
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