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Abstract

In this paper, we propose a discrete Nicholson’s blowflies model with feedback
control. Sufficient conditions are obtained for the permanence. By means of an
almost periodic functional hull theory, we show that the almost periodic system has a
uniqueness of globally attractive almost periodic solution. Moreover, a suitable
example and its numerical simulation are given to illustrate the feasibility of the main
results.
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1 Introduction
In this paper, we propose and study the permanence and global attractivity of an almost
positive solution of the following discrete Nicholson’s blowflies model with delay and feed-

back control:

Ax(n) = —a(n)x(n) + B(n)x(n — 7)e 1) _ o) x(m)u(n), @
1.1
Aun) = —a(n)u(n) + b(n)x(n — 15),

where x(n) is the density of the species at time # and u(n) is the control variable at time n.
For any bounded sequence {n(n)}, we define n* = sup,.,{n(n)} and n~ = inf,cz{n(n)}.

Throughout this work, we use the following assumptions:

(Hh) {a(m)}, {B(n)}, {B(n)}, {a(n)}, {b(n)}, and {c(n)} are bounded nonnegative almost pe-

riodic sequences such that

O<a” <am=<a*<l, 0<p~ <Bm)<p", O<y  <ym=y",

O<a <an)<a*<l, 0<b™ <b(n)<b*, 0<c <cn)<c*, neZ
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We consider system (1.1) with the following initial conditions:

x(0)=¢®)>0, O0e{-t,-Tt+1,...,-2,-1,0},
1.2)
©(0) >0, u(0) > 0, T = max{1y, To}.

It is not difficult to see that solutions of (1.1) with the initial condition (1.2) are well defined
and remain positive for all # > 0.

As we know, Nicholson’s blowflies model belongs to a class of biological systems and
its analog equation has attracted more attention because of its extensively realistic sig-
nificance. Topics such as existence, uniqueness, and exponential convergence of almost
periodic solutions of the system were extensively investigated, and many excellent results
have been derived; see [1-4] and the references cited therein. However, in the study of
ecology, a discrete model is more significant in practice than a differential model as these
species are short in life and have non-overlapping generations. Discrete-time models can
also provide efficient computational models of continuous models for numerical simula-
tion. Therefore, lots have been done on discrete-time population models. To mention a
few cases, we refer the reader to [5-16]. For example, Zhang et al. [5] have studied the
dynamic behavior of the following autonomous discrete differential equation:

Ax(n) = —ax(n) + Bx(n — 7)e 7 7). (1.3)

Recently, some scholars [6—8] paid attention to the non-autonomous discrete Nicholson’s
blowflies models. They mainly studied the existence and exponential convergence of pos-
itive almost periodic solutions of the models.

On the other hand, ecosystems in the real world are continuously disturbed by unpre-
dictable forces which can result in changes in the biological parameters such as survival
rates. Of practical interest in ecology is the question of whether or not an ecosystem can
withstand those unpredictable disturbances which persist for a finite period of time. In the
language of control variables, we call the disturbance functions control variables. In 1992,
Gopalsamy and Weng [17] introduced a feedback control variable into logistic models and
discussed the asymptotic behavior of solutions in logistic models with feedback controls,
in which the control variables satisfy a certain differential equation. We also refer to [9,
10, 15, 16, 18—24] for a further study of population models with feedback control. Zhao
and Wang [23] discussed a general Nicholson’s blowflies model with feedback control as

follows:
? = (&)1 () + B(O)x1 (£ — 11()) e D2 _ () (£)xs (£ — 1(2)),
: t (1.4)
% = A (B)%a(t) + (e (£ - 5(8)).

However, to the best of the authors’ knowledge, to this day, studies of the general discrete
Nicholson’s blowflies model with feedback control are fairly rare. This is the main moti-
vation of this paper.

For the population models with feedback controls, as we well know, an important subject
is to study the effects of the feedback controls on the dynamical behavior of the models.
Thus, an important and interesting open problem is proposed here, that is, whether or not
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in system (1.1) the feedback control influences the permanence of the species. In [6—8], the
main approach to investigating the existence and stability of the almost periodic solutions
of the system is using the fixed point theorem and the Lyapunov functional method. Is
there any more convenient method to solve a similar problem as regards system (1.1)?
The rest of the paper is organized as follows. In the next section, we give some defini-
tions and present some useful lemmas. In Section 3, some sufficient conditions for the
permanence of system (1.1) are obtained. Then, in Section 4, we establish a sufficient con-
dition for the existence and uniqueness of a globally attractive almost periodic solution.

Finally, the main result is illustrated by giving an example with its numerical simulation.

2 Preliminaries
Lemma 2.1 [24] Assume that A > 0 and y(0) > 0, and further suppose that
©)

y(n+1) <Ay(n) +B(n), n=12,....

Then for any integer k < n,

k-1
yn) < A%y(n—k)+ > A'B(n-i-1).

i=0

Especially, if A <1 and B is bounded above with respect to M, then

I () < M
1msu n e
PV =1y

y(n+1)>Ay(n) + B(n), n=12,....

Then for any integer k < n,

k-1
y(n) = Aly(n—k)+ Y AB(n—i-1).

i=0

Especially, if A <1 and B is bounded below with respect to m, then

lim supy() > —

imsupy(n) > —.

nﬁoopy “1-A

Definition 2.2 System (1.1) is said to be permanent if there exist positive constants Mj,
My, my, my, which are independent of the solutions of the system, such that any positive
solution (x(n), u(n)) of system (1.1) satisfies

my < liminfx(n) < limsupx(n) < My,
=00 n—00

my < liminfu(n) < limsup u(n) < M,.
n—00

n—0o0
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Definition 2.3 [25] A sequence x: Z — R is called an almost periodic sequence if the

e-translation set of x
Ele,x}=1t€Z: ‘x(n +7) —x(n)‘ <g, Vnelz,

is a relatively dense set in Z for all ¢ > 0; that is, for any given ¢ > 0, there exists an integer

I(¢) > 0 such that each interval of length /(¢) contains an integer t € E{¢,x} with
’x(n +7)— x(n)’ <g, VmelZ.

The integer 7 is called an ¢-translation number of x(n).
Definition 2.4 [26] Let D be an open subset of R”. A function f : Z x D — R” is said to be
almost periodic in # uniformly for x € D, if for any € > 0 and any compact set S C D, there

exists a positive integer [ = [(¢, S) such that any interval of length / contains an integer 7,

for which
Lf(n +T,%) —f(n,x)| <& V(mx)eZxS.

7 is called an e-translation number of f(, x).

Definition 2.5 [27] The hull of f, denoted by H(f), is defined by
H(f) = {g(n,x) :klirrgof(n + T, %) = g(n, %) uniformly on Z x S},

for some sequence {tx}, where S is any compact set in D.

Lemma 2.6 [28] {x(n)} is an almost periodic sequence if and only if for any integer sequence
{k;}, there exists a subsequence {k;} C {k; } such that the sequence {x(n + k;)} converges uni-
formly for all n € Z as i — oo. Furthermore, the limit sequence is also an almost periodic

sequerice.

3 Permanence

Set
+ b*M
M = p ) M, = L
a"y~e a-
1 - - + b_m
m; =min{ — In p , p e M my = L
yt  at+ctMy ot +ctM, a*

Theorem 3.1 Assume that (Hy) holds; assume further that
(Hy) o +c¢*My <min{l, 87}

holds, then system (1.1) is permanent.
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Proof Let (x(n), u(n)) be any positive solution of system (1.1); from the first equation of
(1.1), it follows that

x(n+1) < (1 - a(n))x(n) + B(n)x(n — 7p)e”? W)

< (1-o)x(n) + Bra(n—m)e™? ™). (3.1)

This combined with the fact that sup .., ue™" = ﬁ leads to

+

x(n+1) < (1 - oz‘)x(n) +—. (3.2)
By applying Lemma 2.1 to (3.2), it follows that
+
lim supx(n) < p difMl. (3.3)
n—o0 a~y-e

For any positive constant ¢ small enough, it follows from (3.3) that there exists large
enough N; such that

x(n) <M, +¢, foralln> Nj. (3.4)
Equation (3.4) combined with the second equation of (1.1) leads to
u(m+1) < (1-a )u(n) + b* (M +¢), foralln>Nj +1. (3.5)

By applying Lemma 2.1, for any positive solution (x(n), u(n)), it follows from (3.5) that

b*(M
limsup u(n) < w
11— 00 a

Setting ¢ — 0 in the above inequality leads to

b M e
limsup u(n) < —— < M,. (3.6)

n—00

For any positive constant ¢ small enough, without loss of generality, from (H;) we may
assume that a* + ¢* (M, + €) < min{1, 87}. It follows from (3.3) and (3.6) that there exists a
large enough N; > N + t such that

x(n) <M +e¢, u(n) <M, +¢&, forallm>N,. (3.7)
Now we prove that any positive solution x(n) of system (1.1) and (1.2) satisfies
liminfx(n) > 0. (3.8)

Suppose, for the sake of contradiction, liminf,_, - x(#n) = 0.
We define

t(n) = max{s 18 < m,x(s) = Orfngignx(é)}.
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Observe that t(n) — 0o as 1 — o0 and

lim x(t(n)) =0. (3.9)

n—00

However, x(£(n)) = ming<¢ <, x(£), and so x(t(n + 1)) — x(t(n)) < 0, which implies that

0> x(t(n + 1)) - x(t(n)) =—a (t(n))x(t(n))
+ B(t(n))x(t(n) — r)e"’(t(”))x(t(”)_f) — c(t(n))x(t(n)) u(t(n))
> —a*x(t(n) + B x(t(n) - t)e’f"(‘(”)”)

—c" (M + €)x(¢(n)), forall n > max{£(n), N>},
and therefore

0= lim (oz+ +ct(My + 8))x(t(n)) > nlirgo ﬁ‘x(t(n) - r)e‘yw‘(“")_f). (3.10)

n—0o0

Hence,

lim x(£(n) —7) = 0.

n—00

Thus, together with (3.10) and the definition of £(#n), we have

“x(t(n) — 7 + +
af +c(My+e)> nminfM V=) > Jiminf Be 77 MDD = g,
11— 00 x(t(n)) n—>00

which contradicts with a* + ¢* (M, + €) < B~. Hence (3.8) holds.
We next prove that there exists a positive constant m1; such that liminf,_, o x(n) > 1.
Define
n = liminfx(n)
n— 00
and
h= min{g(n),g(M)}, where g(x) = xeVE
This combined with system (1.1) and (3.8) leads to
x(n+1)> (1 - a*)x(n) + B h—ct(My +e)x(n), foralln>N,.

Thus, together with 0 < «* + ¢*(M; + €) < 1, we have

n = liminfx(r)

. Bh - " A
= ] (0~ 2o Ty ) - o s o
- ﬂ_h

T at+ct(My+e)
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Setting ¢ — 0 in the above inequality, we have

.. B~ h
If h = g(n), then n > a++ﬂc:M2 ne™’". So we havein > y% In m
If i = g(M,), it follows from (3.11) that n > wﬁ—+Mlee‘°‘+M1.
The above inequality leads to
1 - - +
liminfx(x) > min{ — In P , b Me @M def my. (3.12)
n—00 vyt ooat+ctMy ot +ctM,

For any positive constant ¢ small enough, without loss of generality, assume that ¢ < %ml,

from (3.12) we know that there exists a large enough N3 > N; such that

x(n) >m —e, foralln> Ns. (3.13)
Equation (3.13) combined with the second equation of (1.1) leads to

uln+1) > (1 - a*)u(n) +b (m—¢), forallm>N3+T. (3.14)
By applying Lemma 2.1, for any positive solution (x(#n), u(n)), it follows from (3.14) that

by —
lim sup u(n) > M
n—00 a*

Setting ¢ — 0 in the above inequality leads to

o
8

b-
lim sup u(n) > M de m. (3.15)

n
n—00 a

Equations (3.3), (3.6), (3.12), and (3.15) show that if the assumptions (H;) and (H;) hold,
system (1.1) is permanent. This ends the proof of Theorem 3.1. d

4 Global attractivity of almost periodic solution
The main purpose of this paper is to investigate the existence and uniqueness of globally
attractive almost periodic solution of system (1.1).

First of all, we investigate the attractivity of the solution of (1.1).

Theorem 4.1 Assume that (Hy) and (Hs) hold; suppose further that
(H3) y~my>1

and

(Hy) o= +cmy>b" + e%ﬁ*, a” >c M,

hold, then system (1.1) is globally attractive. That is, for any positive solutions (x(n), u(n))
and (p(n), q(n)) of system (1.1), we have lim,,_, oo (x(1) — p(n)) = 0, lim,,_, o (u1(n1) — q(n)) = 0.
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Proof For any solutions (x(n), u(n)) and (p(n), g(n)) of system (1.1), it follows from Theo-

rem 3.1 that
my < liminfx(n) < limsupx(n) < My, my < liminfp(n) < limsupp(n) < M,
n—00 n—>00 n—>00 n—>00
my < liminfu(n) < limsup u(n) < My, my < liminfg(n) < limsup g(n) < M,.
n—>00 n—00 n—00 n—00

For any positive constant ¢ > 0 small enough, there exists an integer 7, such that, for all

n= Ho,
mi—e <x(n),  pn)<M+e,
(4.1)
my — & < u(n), q(n) <M, +¢.
Using the mean value theorem, we get
x(n)e™* " — p(n)e P = (1 - 9(71))6_9(") (x(n) —p(n)), (4.2)
where 0(n) lies between x(n) and p(n).
Let
Vi(n) = |x(n) - p(n)| + |u(n) - q(n)].
Then, from system (1.1) and (4.2), we get
AVi(n) = Vi(n +1) - Vi(n)
< —a(n)|x(n) - p(n)|
+ ﬁ(n)}x(n _ Tl)e—y(n)x(n—n) —p(n- Tl)e—y(n)p(n—fl)’
= c(mu(n) |x(n) - p(n)| + c(m)p(n) |u(n) - q(n)|
—a(n)|u(n) — q(n)| + b(n)|x(n — ©2) - p(n - )|
< —a(n)|x(n) - p(n)|
+ Bn)| (1= 00 - 1)e " (x(n — 1) — pln — )|
= c(mu(n)|x(n) — p(n)| + c(m)p(n)|u(n) — q(n)|
—a(n)|u(n) — q(n)| + b(n)|x(n — ©2) - p(n - 5)|. (4.3)

According to (H3), (4.3), and the fact that maxyef1,+00) (L —x)e™ = eiz, for n > ng + 7, we have

AVi(n) < —a(n)|x(n) - p(n)|
+ elzﬁ(n)lx(n —n)-pn-1)|

— c(myu(n) |x(n) - p(n)| + c(m)p(n)|u(n) - q(n)|

—a(n) |u(n) - q(n)| + b(n)|x(n 7)) —pn- rz)|. (4.4)
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Let

n-1

Valm) =y e—lzﬁ(u+7:1)|x(u)—p(u)

u=n-11

’

n-1

Va(n) = Y b+ 1o)|a(u) - p(u)|.

U=n—-T

Then

’

AVao) = 5Bl + 1) |xl) ~ p()| — Bt~ )~ plon— 1)

(4.5)
AV3(n) = b(n + ) |x(n) - p(n)| = b(n)|x(n - ©) - p(n - )|

Define
V(n) = Vi(n) + Va(n) + V3(n).
Then it follows from (4.4) and (4.5) that
AV(n) < (—a(n) + e%ﬂ(n + 1) —c(mu(n) + b(n + rz)) (1) — p(n)]
+ (c(m)p(n) — a(n)) |u(n) - q(n)|. (4.6)
From (4.1) and (4.6), for n > ngy + 7, we obtain
AV(n) < (—oe_ + 61—2,3* —c (my—¢)+ b*) |x(n) —p(n)|
+ (c+ (M +¢&)— a’) ‘u(n) - q(n)’. (4.7)
From condition (H,4) and the above ¢, we can choose § small enough such that
8= min{a‘ +c (my—¢e)-b" — %ﬁ*,a‘ -t (M + 8)} > 0. (4.8)
From (4.7) and (4.8), we obtain

AV(n) < —8(‘x(n) —p(n)} + !u(n) - q(n)‘). (4.9)

Summing both sides of the above inequalities from rng + T to 1, we have
n n
Z (V(s +1) - V(s)) <-4 Z (‘x(s) —p(s)‘ + ‘u(s) - q(s)’),
s=nQ+T S=HQ+T
which implies

Vi +1) +8 Y ([x(s) = p(s)] + uls) - q(s)]) < Vo + 7),

s=np+t
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that is,

n

> ([xts) = ps)] + uts) - q(s)]) <

S=np+T

Vng + 1)
—

It follows from (4.1) that V;(ng + ) (i = 1,2, 3) are all bounded. Hence

n

Vng + 1)

Z (|(s) = p(s)| + |uls) - q(s)|) < <t
which means that
Z (|x(s) —p(s)| + |u(s) —q(s)|) < W < +00.

This implies that lim,, o (|x(n) — p(n)| + |u(n) — g(n)|) = 0, or lim,_, o (x(n) — p(n)) = 0,
lim,,, oo (u(n) — g(n)) = 0. This completes the proof of Theorem 4.1. O

Next, we investigate the existence and uniqueness of an almost periodic sequence solu-
tion of system (1.1) by using almost periodic functional hull theory.

Let {{x} be any integer valued sequence such that pux — oo as k — o0o. According to
Lemma 2.6, taking a subsequence if necessary, we have a(n + i) — a*(n), B(n + ug) -
B (), y(n + px) — v*(n), aln + uy) — a*(n), b(n + ) — b*(n), c(n + pux) — c*(n), as
k — oo for n € Z. Then we get a hull equation of system (1.1) as follows:

Ax(n) = ~a* (m)x(n) + B*(m)x(n — )™ ) _ e (m)x(n)u(n), .
4.10
Au(n) = —a*(n)u(n) + b*(n)x(n - 13),

By the almost periodic theory, we can conclude that if system (1.1) satisfies (H;)-(Ha), then
the hull equation (4.10) of system (1.1) also satisfies (H1)-(Ha).
From Theorem 3.4 in [29], the following lemma can easily be obtained.

Lemma 4.2 If each hull equation of system (1.1) has a unique strictly positive solution,
then the almost periodic difference system (1.1) has a unique strictly positive almost periodic
solution.

Theorem 4.3 If the almost periodic difference system (1.1) satisfies (H1)-(Ha), then the al-
most periodic difference system (1.1) admits a uniqueness of globally attractive almost pe-
riodic sequence solution.

Proof By Lemma 4.2, we only need to prove that each hull equation of system (1.1) has a
unique strictly positive solution. We prove that the existence of a strictly positive solution
of any hull equations of system (1.1).

By the almost periodicity of {«(n)}, {8(n)}, {y (n)}, {a(n)}, {b(n)}, and {c(n)}, there exists
an integer valued sequence {§x} with 8y — oo as k — oo such that a(n + §) — a*(n),
Bn+8;) — B*(n), y(n+ ;) — y*(n), aln + 8;) — a*(n), b(n + §¢) — b*(n), c(n + 8x) —
c*(n), as k — oo for n € Z. Suppose that X(n) = (x(n), u(n)) is any positive solution of hull
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equation (4.10). Since (H;) and (H3) hold, combined with the proof of Theorem 3.1, we
have

my <liminfx(n) < limsupx(n) < My,
n—00 n—00

(4.11)
my < liminfu(n) < limsup u(n) < M,.

n—00 11— 00

Therefore

0 < inf x(n) < sup x(n) < oo,
nezZ* nez+

0 < inf u(n) < sup u(n) < co.
nezZ*

neZ+

Let ¢ be an arbitrary small positive number. It follows from (4.11) that there exists a positive
integer N such that

mp—& <x(n) <M +e, my—& <un) <My+e, n>Np.
Define xx(n) = x(n + 8¢) and ug(n) = u(n + 8¢) forall n > Ny + v — &, k € Z*. For any positive
integer ¢, it is easy to see that there exist sequences {xx(n) : kK > g} and {ux(n) : k > g} such
that the sequences {xi(#n)} and {ux(n)} have subsequences, denoted by {x;(n)} and {u (1)}
again, converging on any finite interval of Z as k — co. Thus we have sequences {y(n)} and
{v(n)} satisfying

xk(n) — y(n), ur(n) — v(n), forme Zask— oo.
This, combined with

Axp(n) = —a*(n + tr)xx () + B (n + T )oge (1 — rl)e_”*(””k)xk("_m

— " (n + T)xr (mug(n),

Aui(n) = —a*(n + t)ur(n) + b*(n + ©)xi (1 — 1),
give us

Ay(n) = —a*(n)y(n) + B*(n)y(n — rl)e”’*(")y("_”) - c*(n)y(n)v(n),

Av(n) = —a*(n)v(n) + b*(n)y(n — 1).

We can easily see that (y(n), v(n)) is a solution of hull equation (4.10) and
m —e <yn) <M +s¢, my—e<vin)<My+¢e, neZ.

Since ¢ is an arbitrary small positive number, it follows that

my < y(n) < M, my <v(n) <M,, necZ
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that is,

0 < inf y(n) < supy(n) < oo, 0 < inf y(n) < supy(n) < oo.
nez nezZ nez nezZ
This implies that each hull equation of the almost periodic difference system (1.1) has at
least one strictly positive solution.

Now we prove the uniqueness of the strictly positive solution of each hull equation
(4.10). Suppose that the hull equation (4.10) has two arbitrary strictly positive solutions
(x*(n), u*(n)) and (p*(n), g*(n)). Similar to the proof of Theorem 4.1, we define a Lyapunov
functional,

V¥(n) = Vi (n) + V5 (n) + V3 (n), (4.12)
where

’

Vi(n) = |x*(n) — p* ()] + [ (n) — 4" (n)

n-1

Vi) = 3 B w0 -]
n-1
Vin)= ) blu+1)|x" () - p*(w)].

Calculating the difference of V* along the solution of the hull equation (4.10), similar to

the discussion of (4.9), one has

AV*(n) < =8(|x*(n) - p* ()| + |u*(n) — g*(n)

), forneZ. (4.13)

We immediately see that V*(n) is a non-increasing function on Z. Summing both sides of
(4.13) from # to 0, we have

0
8 Z(|x*(s) —p*(s)| + |u*(s) —q*(s)|) <V*@m)-V*Q1), forn<O0.

s=n

Note that V*(n) is bounded. Hence we have Zgz_oo(lx* (s) = p*(s)| + |u*(s) — g*(s)]) < +00,
which implies that

nEIPoo (x*(rz) —p*(n)) =0, nEI}loo(u*(n) - q*(n)) =0. (4.14)

Let ¢ be an arbitrary small positive number. It follows from (4.14) that there exists a posi-

tive integer Nj > 0 such that

’x*(n) —p*(n)| < %, ‘u*(n) —q*(n)| <<, ne< -Nj,

Q)
where Q=2 + ”e—éﬁ + 1ob*. Therefore, for n < =Nj,

Vit(n) < N =

e
—, Vi(n) < r2b+6.

£
+ =
Q

Rl w
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It follows from (4.12) and the above inequalities that
&
V¥(n) < Q5 =g, n<-Nj,

so lim,_,_o V*(n) = 0. Notice that V*(n) is a non-increasing function on Z, and then
V*(n) = 0. That is x*(n) = p*(n), u*(n) = q*(n), for all n € Z. Therefore, each hull equa-
tion of system (1.1) has a unique strictly positive solution.

In view of the above discussion, any hull equation of system (1.1) has a unique strictly
positive solution. By Theorem 3.1 and Theorem 4.1, the almost periodic system (1.1) has

a uniqueness of globally attractive almost periodic solution. The proof is completed. [J

5 Anexample
The following example shows the feasibility of our main results.

Example 5.1 Consider the following equations:

Ax(n) = —(0.8 +0.01 sin(ﬁn))x(n)

(3.55+0.01 sin(«/gn))x(n — 1)g(0-72+00Lsin(m)a(n-1)
(5.1)
(0.1 +0.01 sin(ﬁn))x(n)u(n),

+

Au(n) = (0.7 + 0.01sin(v/3n)) u(n) + (0.1 + 0.01 cos(v/3n))x(n — 1).

It is easy to calculate that M; ~ 2.3349, m; =~ 1.7665, M, ~ 0.3722, m, ~ 0.2239. By sim-
ple calculation, we found that conditions (H;)-(Hy) are satisfied. It follows from Theo-
rem 4.3 that system (5.1) admits uniqueness of a globally attractive almost periodic solu-

tion (see Figure 1).

6 Conclusion

In this paper, we propose and study the discrete Nicholson’s blowflies model with feed-
back control. In Theorem 3.1, we obtain condition (H;) to ensure the permanence of sys-
tem (1.1), which shows that the feedback control can change the permanence. However,
as is well known, the feedback control cannot influence the permanence [10, 21, 22, 24],

10 20 30 40 50 60 ) 10 20 30 40 50 60
time n time n

Figure 1 Dynamic behavior of the solution (x(n), u(n)) of system (5.1) with the initial conditions
(@(0),u(0)) =(1.8,0.22),(2,0.25),and (2.15,0.28) for § =-2,-1, 0, respectively.
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therefore, the result not only improves but also supplements the known results. Further,
by using almost periodic functional hull theory, which is different from that of [6-8], we
show that the almost periodic system has a unique strictly positive almost periodic solu-
tion, which is globally attractive. The main analysis technique that we use in the proof of
the main results is developed from the work of Li ef al. [13]. This implies that the main
theorems of this paper improve and extend some of previously obtained results.
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