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Existence and Uniqueness of the Periodic, Almost Periodic Solu-
tions of a Prey-Predator and Competition System with Diffusion
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Abstract A competition and prey—predator model with diffusion is considered. By using the V' fun—
tional and the definition of almost periodic solution and the stability under the disturbance from the
hull, the existence, uniqueness and their stability of periodic and almost periodic solutions are ob—
tained.
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, XE IntR = (x€ R ;x> 0,i= 1,2,3,4),
C=C([- LOoLR), = max{fi, k).
(1) C . .
’ . [1] O= (Q,0,0,.0)e ¢ ,(0)> 0,(i= 1,2,3,
. [1= 4] . 4). (2)
[4, 5] . (1) x(t,0,€ - LT x(,
()> 09( te [_ fv’r) )
) (1) .Xi(t) i t ;
(1) X1 X2 ,
)él(t): xi(t)(bi(t) — an(t)xi(t) — an(t)x2(t) - X3, xt
aiz(H)xs (1) X4 :
mi(0x 0+ diox (o) Cosner
. Di(t) (xs(2) = x1(2)) = fr,
x2(t) = x2(t) (b2(t) — an (t)x1(t) — axn(t)x2(t) — o “ .
23 % ZA
= = suplg(n) g = inflg(r)).fi=
x3(t)= () (B3 () + an (B)xi (= b)) Hmi(e) Ji(txr(t),x2(2) ,x3(2) ,x4(0)) , (i = 1, 2,3, 4).
x3(t- )+ di(t)xi(t - h))+ an(t) () b(t),a(t),D(t), (i,j= 1,2,3,4
x2(t- h)xs(r - b) /(ng(t)x%(t— , :
C b xie- B)= g 0 < minf{a.b D} maxfas,b,Di} <+ oo, (ij=
xa(t) = x4(t)(Ab4(t) — auxs(t) )+ D2(t) (x1(2) - 1,2,3,4).
x4(t)) = f4,
(y 2
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IntR! | (1) (2)
,x(t) ¢ N
(1)

1 IntR =
2,3, 4 (1)

{(xl,xz,x3,x4)\ xi> 0,i= 1,

(1)
xilsoo= Di(t)xa(t) > O,xalx-0= Da(t)x2(t)> O,

x2(t)= x2(0) exp{J' [b2(s) = axa(s)x1(s) —

an (s)x2(s) — @3 (s)x3(s) /(ma(s)x3(s) +

d2(s)x32(s)) Jds}> O,
x3(t) = x3(0)exp{] [= b3(s) + an(s)xi(s -
i) /(mi (s)xa(s = f)+ di(s)xi(s - )
+ an(s)x2(s = B)xs(s — k) /(da(s)x3(s
- iHn> o
IntR' (1) )
2 x (1) (1) (2)
A’_ S
U= “7% 22— ko< (3)
& mad>
T > 0, ¢t> T xi(t)< Mi,i= 1,
2,3, 4 -
Mi= Mi> M = max{aA i}> 0,M2> M> =

3 e
= M3> My = (Mimiexp{UE}+ m2d-

astexp{Uh ) /mumabs > 0.
(D ,
X (1 xi (1) (b — auxi (1)) + Di(xa(t) - x1(1)),
X (1)< xa (1) (bs — awxs(1))+ Da(xi(t) — x4(1)).

V(t) = max{xt(s),x2(t) }. (1)
V(1) Dini
(R)  xi(D)> xs(1)  xi(0)= xa(t) xi (1=
xe(t), D V()= xi(t)< xi(¢) (br - anxi(1)),
(B) xi(f) <xa(t) x1(t)= x4(1) xl(t) <
xi(t), D V()= xa(t) < xa(t) (bs — awsxa(t)),
=1 4
D V(IO< xi(t)(b - axi(t)),
(A) max{x1(0),x:(0)} < M1,
rg&})x{X1(t),X4(l‘)}< M
(B) max{x1(0),xs(0)} > Mi, - T=
max {Ml(b - aiM)} <0,
3
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(a) V(0) = x1(0) > M1, (x1(0)> x4(0));
(b)V(0) = x4(0) > M1, (x+(0) > x1(0));
(e)V(0) = x1(0) = x4(0) > M1, (x1(0) >
x+(0)).
(a) , X> 0, 1€ [O,X

V(t) = xi1(t) > M,
D V(xi(t).xa(t)) = x1(t) <- T< o0
(b) : X> 0, € [0,%
V(t) = xa(t) > M,
D V(xi(t).xs(t)) = xa(t) <= T< 0
(o) , X> 0, € [0,%
V(t)= xi(t)> Mi,i= 1,4.
D V(xi(t).xs(t)) = x(t) <- T< @
V(0)> Mi LV (b)
T s Ti> O,
= T
V(t) = max{xi(t),x4(t) )<< M.
| (n _
x2 (0= x2(1) (b2 — az2x2(t) )< M2(b2 - a2 M2) < Q.

x2(t< 0, 2> 0.

x2(0)> M2,
x2 ()<< Mo>.

x2 (0 Mo,

‘ _(n .

x3 (<< amx1(t = fes(2)) /(mxs(t— )+ dixi(t-

)+ anxa(t - bxs(t))xn(t- £) /mexi(t— £)+

@xi(t - by - Bxi(1))

< o @t

= T
t€ [0,+ <o), x2(t)< M-.

-b <

mad

[S)

()<< x3(t- b)yexp{Ul}, (i= 1,2).
(- b= w(ep(- Ub)
X3 (6 x3(8) (= b+ an M /(mixs(t) exp|—
(- Uk}) = (1) [-
bamimaxs(t)+ maanMiexp{Ufi} +
a2 miMiexp{Ub Y} 1/ mimexs(t).
r= ﬂzaMlexp{Uﬂ}+ a_ﬂﬂlMleXp{UfZ}>

Ul )+
an M Im2x3 (t) exp{ -

0,

(O (= mambsx3(t)+ rxs(t)) [mumoxs(t) = —

baxs (1) + P
T:> 0, t> T
(T Ms = o < M.
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T = max{T,i= 1,2,3), >

3 (1)
x2(t),x3(2),xa(2)),

x()= (xi(1),

2bi — 2D1 — 2anMs - 2255 0, 2b -
m1

a3
- >
m2
ash oMo — bsdihy maexp{— 2bs h) M3 - (4)
2bs mlmzexp{U} fi)exp(- ZEQ}Mg -

2b3d1d2h—21M2) /(a_szhzexp{— sz}E% -

QanMi - 2 0,2bs — 2D:> 0,

by miexplbs i) daM2) > 0,
7' >0, t> T
1,2,3, 4 :

,x;-(t)}
Hi,i=

)

13

. 2bi- 2Di - 2anM - 2

H = — > 0,
all

= |

a2

2 — 2anM — 2%
m2

— > 0,
a2

AN — - — _
Hs = (@ht & M2 — bsdhim2exp{— 2b32)M3 - 2bs
2 Efz}M% - 2 bdid>

AN
H> =

mimzex pf G fi Jexp{ -

%Mz)/(a_uhzexp{— Uhy 4 %‘ — bs miexp{bs )
daM)> 0,
AN 2bs — 2Do
Hi= — ——> 0,
as
| _ _ _
xi(t)= xi(t) (b — anxi(t) = Di — axM> - (a3/
m)).
, T’1> 0, > Tl ,X|(t)> H
. f2> 0, > T s
x2 (1= Ho; Ts> 0, T ,x4(t)= Ha.
_ (D ; -
x3 (1= - baws(1), xa(t - DS xs(t) expibs b},
i= 1,2
: - —h —h —
x3(t)= x3(t) (= b+ an Ty Ndr 75+ mixs(t)

h

exp{bshi})) + an S xs(t)expf - UL} /(daM2 +

zzxg(t)exp{— 2325}),
\ Ts> 0, > T ,x3 ()=
Hi> O , T = max{Tii= 1,2,3,4),
t> T7° 3 . )
1 (1 (2), (3)
(4) , (1 :
12 3 s (3) (4
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, T= max{T ,T }, t> T ,H<
xi (0 Miyi= 1,2,3,4. ,
(1 , S= {(xr,x2,x3,
)0 < H< x< M <+ °o,i= 1,2,3,4C
R, t> T S (1)
3
1 [6] 2

2 (1) k- ,
(2),(3  (4), (1) k-

4" (&) [00°)

3 (D) (2),(3) (5,

32/1-14— ai — Dt Hi+ a_wEMa /(m1 H3+
diH)*+ ac+ Ni < 0,

av — an+ 2an d:MoME (mo H3+  d2H3) +
N2 < 0, — au— Do Hi IMi+ Di/Hi < 0, (5)
as diMi [(mi Hs+ diHD + 2dsd2MaMs |
(m2 R+ d2H3)? — anm> H3 H [(m2M3+
&M3)? - bs+ Ni+ Ni <0,

B

Ni= max{and:2M:Ms [(mMs+ doM3)’,
anm:MaMA [(mo Hy + do FB)?}> 0,
N2 = max{and2M3M3 [(m2M3 + deMB)’,
aem2 M3 [(me Hi+ daH3)?) > 0,
Ns= asmiMiM: (miHs+ diHi)*> 0,
Ni= asmiM3i/(miHs+ diHi)*> 0,

(1) (2) R
x(1).(1) (y R
14 W(t)
W(t) = Z i (2) = () + [ xs(e) = pa(e)l

+ NJI_[Z|x3(S) - ya(s)l ds + szt_fzxz(s) -

y2(s)| ds+ NJzJ | x1(s) = yi(s)| ds+ NJ ; . | x3(s)
- yi(9)l ds,
x(1),y(t) Wi(t) Dini
D W(t< (32/]’]4— an — DiyHs+ aisdiMs /[ (mi H3
+ dH)+ ant N3)xi(t) - »() + (av - an
+ and:MoMi (mHs + doH) + No)l xa(t) -
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yz(t)| + (asdiMi [(nu Hs + QH%)2+ d»d2M>Ms
l(m2 Hi+ do H3)® — asomo H3 Ha | (maoMi+ daM3)? -
bi+ Ni+ Na)lxs(t)- ys(O)l + (- au— DyHi IM3

+ Di/HN) xa(t) = ya(t)],

T, D wn<-T
2 | xi(t) = w(0) . W (1) +
}L Z [xi(s) = wis) &< W), &= T. W=

0,W(t)= const. > 0, lelxi(s) - ()l A=<

AW (T) <+ oo NORIO) 1€ R
: (1) Edt(xi(t) - (). (= 1,2.3.4),
R . Z |Xz - yz ‘ R
s 4 >+ ©© Z \xr yi \
0 3
1 () k- , 3
) R
4 (D (2),(3).(4)
(5), (1) k— R’
2 1
. . (1) 2
x(2),y(1)( ). 2 Xi (1)
— w(t),(i= 1,2,3,4) PG
(i (t) = yi(t))> 0. (0= wi(1).

5 b(t),ai(t),m(t),di(t),Di(t)
I R Bt
a1 miMs+ asdiMi > Hidioas,
meM3an+ doMdax> H2Hsan(d'+ m?'),
— au - HD IMi+ asd IEi+ an+ Di/Hi < 0,

an — an+ 2as d2M3M: |E» < 0,

Di /Hi — au+ D:Mi/H: < 0, (6)
(1) (u(t),v(2),Y(1),
A1), R . Rang(u(?),

v(0), (1), 41)) © S, mod(u().v(1). Y1) . Z(1))
mod(f1,f2,f3,f4),tC R.

bi(t),ay(t) ,mi(t),di(t),Di(t)

, (k) >+ oo, (k> + =0). ¢
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€ R .
h(t+ k= hb(t),a(t+ k)=
a; (t),mi(t+ %)== mi(1),

- (7)
di(t+ b)y=xdi(t),i= 1,2.Di(t+ =
Di(t),(i= 1,2,3,4).
2 ° £‘ .
Ui, k= k(U) k> K k+

U= o, e K,e=U | o+ k> > o0,(i=
1,2). S ) (1)
(x1(2),x2(¢) ,x3(¢),x4(2)) ,

(x1(0),x2(0),x3(0),x4(0)) € St = U, k=
B (x(t+ §)xa(t+ §) (e §)xa(er h))E
S.

[ (t+ b)), xa(e+ &) xs(e+
k), xa(e+ k))) U+ o) I

V()= 2“\ I (14 k) = Invi(e+ )l + Lxa(es

by — xa(e+ ),
fi, b (1)

Xim . 9

Do I+ ) - (4 b)I< v(0)<

2

xi(t+ )L

D v+ by — (e b)), (8)

L= max{?{l,l},H: min{ Hi, H>, Hs, Hi) >

0,/= mln{xz,l} M =
3~ .

kT> 0, m= k=

Z e = bl < 122?,1?: max {1, M3}

max { M1, M2 , M3} > Q.

X 0, N= NXU=
N.,t€ R

X M
21\1)%- Din| <Tup- e omax{l L1

4 —
M . _ X M3 ais
1_14};21‘ dik — dzm| < 14LF3,F3: max{ B
M3 anM3, <O TX '
E },Z ‘ Alik a1m| < V4L Fs’ 4= max

7_ - 4
M (mi+_dh)
(M v M m; DN g — aml <
=1

X mMy  MiM d>
14LF ,Fs= max{Mi, M, £, T b }s
> B

— lawe — @l < 141 Fe ,Fo = max{Msq, Msp};

X

| quak — i <ﬁ,exp{— TU+ L)/

< X
16ML”’

(9)

Guangxi Sciences, Vol 9 No.2, May 2002



4 q ,
H

. 1
0<p < mi mbMs+ diM’ di

) H2H3_ 1
0< g <mty pords M3’ e ’
2 mZmd’Zm

Ei= (miHs+ dIHl) ,
E>= (m_ZH%+ d_sz)
Es= &H3+ diHi,
Ev= moHi+ d>H3.
(1) V(t) Dini

D V(t)= Z sign( xm — sz)(M - x—lk)+ sign( x3m

r124

- x¥ )(x3 - xak)< E | xin — xi| +
FE | bin = bl + FZ | Din — Dl + FZ | din -
d1k| + FZ ‘altm - allk| + FZ ‘CZZIm - a21k| +

FE | aim — awl + | qum — aul .
=1

(8)  (9) D V(< - —V(t)+ EX

No= N, € I,R= No ,t+ ﬁ> f> o, (z_ 1,
2), [- k.t V(< V(-

ﬁ)ex({_ EHL—M ; sz. (8) s

Z | Xin — Xk|<

9 Z\xim—xik\ <Xm= k&= N.E€ R
=1

(1 (t+ b),xa(e+ k) xs(e+ k), xa(er
k)) [U+ =)

X
exp{u+ fy+ -

(u(t) ,v(), Y1), A1)). U
(), v (), Y1), A1) (=o0,+ )
, =0, (xi(t),x2(8),x3(8) ,xa(t))
S, Rang(u(t),v(t), Y1), 4t))C S.
[8] 352~ 353 (u(2),
v(e), e, %)) , (1).
(u(t),v(0),X(2),41)) ;
(1. f2.05.04)

(x1,x2,x3,x4)€ R ¢

(fi(t+ ), fa(t+

{4}, {4}
k). fs(e+ B),fa(e+ k) RX D ,
D S ( [9] 2.2).
f( ( )5

Eu(t+ ove+s 0 Y+ 0,4+ 1))
R o (u(t),v(e),X(0), 4t))

IHAE 20025 SHA % 9K% 2

, [9] 18 2. 8.
mod (u(2),v(¢), Y1), 4t))Z mod(f1,[2,[f3,[4).
(w(t+ by, v+ ), Y+ §),4:
+ k) R )
Jim k= ).
Y1), 2(1)) = S
lu(t+ k) = u(+ Dl = lu@e+ 00k - ) (&
- Bl =@+ k= Il - < W= 1,
k ,0€ [0,1], (v = us ).
vk b=zvie+ H Y+ =Y+ D),
Ut+ f= L+ ).
k»l{fm(ﬁ: e
(1) , t€ R ,
V)= I+ &) - Iw(e+ )+ [+ &)
- Iw(t+ B+ TInYe+ &) - WY+ 0+
| InZ(t+ &) - WZt+ L)l ,m= k= K.s€ R.

Rang (u(1) ,v(7),

(u(t) (). X(1), 41))

Tk X
(8 , S& R . exp{— I } < 16V 1
exp{- TU+ f)/L) < 1;]?“,

(3~ (9

lu(t+ %) = u(t+ W)+ [ Y+ §) = Yo+ §)l
+ [ Aer %) - Qe D)+ Tve+ - v+ 6
< Xm= k> 1,t€ R. (u(t+ ), v+ k),
Y+ %), Z(t+ %)) R .

lim k= - oo,
ot oo

(u(t) (1), X(1), 41))
mod(u (1) ,v (1), (1) Z(1))

mod(f1,[f2,f3,f4). 5 , 3
(u(2),v (1), Y(1) . Z(2)) R
4

6 (1) (2~ (5 (6),
(wn (8) u2(t) ,us (1), ua(t)) £ 0 S

(1) :
x1(t)= x1(t) (Bi(t) = Au(t)x1(t) — An(t)x2(t)
- As(t)x3(t) /(M1 (t)x3(t)+ Gi(t)”
. xi1(2)))+ Fi(t)(xs(r) - xi1(2)),
x2(t)= x2(1) (B2(t) = Ax(f)x1(2) - A2(t)x2(¢)
) = Asn()x3(t) I(M2t)x3(t)+ @(t)x2(1))),
x3(t)= x3(t) (- Bs(t)+ An()xi(t — b)) /(e
x3(t— T+ GOt - )+ (4n(t)
x2(t— b)xs(r - B) /(Ma(t)x3(t - )+
L G- By,
xa(t)= xa(t) (Ba(t) — Auxs(t))+ F2(t)(x1(2) -
L x4(1)).
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Bi()e H(b(t)),4i ()€ Hay(t)),Mi(t)<
Hmi(1)),G (€ H(d(1),F()E H(D (1)), (H
) Bi(1), Aip (1), Mi (1), G (1), Fi(1)
b(t),ai(t),m(t),di(t),Di(t) ,
(4 = 0 S (x1(1),

x2(t),x3(t),x4(2))

Wiy= 20 (e 0= () + Lwes 0 -

i=1,

x3(t)| ,

,IZI|]nw(t+ h - )l < wo< L

Z I (£+ ©) = Toova (1)1

i= 1

4
X W0 (Ls T“—Ifu)W<XZI\1nu(z

+ O - Iwi(e) <W,

sup{xil (bi(t+ 1) = Bi(2)) - (Di(e+ ) - Fi(1))
+ (Dat+ D= B)) - (@ (t+ - Au(t))xi -
(an(t+ By = An()x2 = as(t+ DHxs(e) /(mi (t+
Has(t)+ xi(OW(t+ ) = Aus(t)xs(t) (M (1)
x3(1)+ x1(1)Gi())| + xaf (b2(f) = B2(2)) - (au(t
+ Do () xi— (an(t+ ) - An(t))x2- (as(t
+ Dxd/mat+ Hxd+ di(t+ DHxi) - An(e+
Hxi(e) I(M2(t+ DHxd+ G+ Hxd)) + xsl (b3 (1)
- Bs(0))+ (an(t+ Dxi(e+ L) /(mi(t+ Dxi(e+
H+ di(e+ Hxi(t- R)) = An()xi(t+ b)) /(Mi(2
+ xie+ b+ G+ Tyxi(t - 1))+ (4n(t

+ Dxa(t+ Byxs(e+ L) /(ma(t+ Dxi(r - b))+
dao(t+ DHxi(t - £)) - dn(Ox2(t+ B)xs(r+
by (M2()x3(r = b) + G()xi(r = b))l +

xal (ba(t+ ) = Ba(t)) = (as(t+ ) = Aua(t))xat
(Di(t+ = Fi(2)) - (D2(t+ Ty = B2(0)l 52 0,
(x1,x2,x3,x4) € S} <W

£ 0,(x1,x2,x3,x4)
L (i(t+ §) - Bi(t)) - (Di(t+ - Fi())+
(Da(t+ f) = Fa(2)) = (an(e+ f) = An(t)x -
(an(t+ T = An()x2 = (as(t+ Hxs(t) /(mi(t+
Das(ny+ xi(W(e+ 1)) = An(t)xs() /
(Mi()xs () + x1(t)Gi(1)))] <
(b2 (2) = B2(2)) = (a(t+ D) = Ao (1) )x1— (an(z
+ h- An()we - as(t+ D ime(t+ s+ @ (2
+ Dxd) = dn(r+ Dx3/(Ma(t+ Dxi+ G(r+

Y
<

hed))l <4,
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| (bs(t) = Bs(t))+ (asn(t+ Dxi(e+ B /(mi(e+
Dxi(t+ H+ di(et+ Hxi(t- £)) = dn(t)xi(t+
iy /Mi(t+ fToyxa(e+ T+ G+ f)xi(e- h)))
+ (an(t+ Dxa(e+ D)xs(e+ &) Ima(t+ DHx3(2-
by+ da(e+ Dxd(r- b)) = An(t)x2(t+ £)xs(r+

by /(M2t)x3(t- B)+ G()x3(r - b))l <l]§,
| (ba(t+ ) = Ba(t)) = (ams(t+ ) = Au(t))xs+
(Di(t+ D) = Fi(0) - (Da(t+ D) = F(1))] <,
5, )
D W< - TTW(t)+ %N
[0,1] wi< oW 4

4
Wt L 4L
21 i (14 ) = xi (1)< —l(—)< 7+ T W<

X
(wr (2),u2(t),us (), us(t))
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