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STABILITY ANALYSIS OF AN ENTERPRISE
COMPETITIVE MODEL WITH TIME DELAY*
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Abstract A three-dimensional enterprise competitive model with time delay
is considered. Where the delay is regarded as bifurcation parameters. By
analyzing the corresponding characteristic equation of positive equilibrium,the
local stability of positive equilibrium is regarded. By using the normal form
method and center manifold theorem, we give the formula for determining
the direction of the Hopf bifurcation and the stability of bifurcating periodic
solutions. Numerical simulations are shown to illustrate the obtained results.
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1. Introduction

In recent years, in the fields of economic, the changes of enterprises’ number caused
by their competition are becoming more and more highlighted. Using the Ecological
Theory to study the principle of enterprises’ competition has become an important
method. An increasing number of scholars are studying this issues, and have made
some achievements. Hannan [3] synthesized the basic of Organizational Ecology
and developed it, at the same time, he put forward the mathematical model for
measuring enterprise’s development, transition and succession. Moore’s [6] Business
Ecosystem Coevolution argued that, in the context of world economy mutually
melting and environment increasingly deteriorating, enterprises should formulate
their development strategy in an enterprise ecosystem perspective.

As an essential part of national economic system, investment enterprise has an
important contribution to macro-Economics’ development, decompressing of em-
ployment and stability of the society. Development of investing enterprise depends
on competing for projects’s competition. Their relationship is very similar to the
relationship between predator and prey in the predator-prey models. Meanwhile,
competitions also exist among investment enterprises and this competitions are
similar to the relationship between two kinds of predators in predator-prey mod-
els. This similarities provide a new way for us to study the investment behaviors.
In this paper, we consider the delay Enterprise Competive Model beside on the
predator-prey model in ecology and analyzed the stability of this model.

Hypotheses of this model are as follows:
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(1) Enterprise cluster in one area can be regarded as a a population of ecosystem,
and investment enterprise number per unit area can be accurately described
by a variable.

(2) In the competition of investment market, acquirement of investing items is
the main aspect of enterprise’s competition for their source.

(3) According to investing items’ geographical scope, we classify these enterprises
into two parts, i.e., big investment enterprises and small and medium-size
investment enterprise.

(4) Entrepreneurs are rational to considerate that there will be few competitions
with other investment enterprises nearby their company.

(5) In one area, if investment items are more enough, entrepreneurs set up to
establish investment enterprise. And suppose this process will cost 7(7 > 0)
times.

(6) Based on Hasting’s predator-prey mode ( [1,4]), Liu Kai [5] built the model
to describe the relationship of investment enterprises and investment items.

glgtc = (a — px)z — d(z + y)z,
33; =cx(t—T1)(z+y) — (m+e)y, (1.1)
£ =my — bz,

where x, y, z present invest enterprises number per unit area of investment item,
small and medium-size invest enterprise and big investment enterprise, respectively.
Besides the natural tension ax, one area’s investing item number suffers from the
feedback from 2’s increase which can be represented by —bz?. It should also satisfy
the S curve in the long run. Logistic equation z:(a — px) here represents investment
item’s variation with time ¢. Where a, u and d respectively represent investment
item’s growth rate, inhibiting coefficient and coefficient that investment item fall
prey to investment enterprise. Besides, c is the growth rate of small and medium-size
investment enterprise along with the increase of the investment project, x(t — 7)
is the investment item’s number of accumulated over time 7, e is the coefficient
that small and medium-size investment enterprise out of this industry, m is the
coefficient of proportional small and medium-size investment enterprise transformed
into big investment enterprise, m + e is the reducing ratio of small and medium-
size investment enterprise, b is the coefficient that big investment enterprise out of
industry. All the coefficients above are positive.

Reference [5] considered the local stability, global stability and permanence
of the equilibrium of system (1.1). But it ignored the limitation of market self-
regulation. Therefore, it can not describe economic activities practically. In view
of this, this paper consider the macroeconomic control effects in system (1.1), and
obtain a new delayed enterprise competive model.

2. Stability analysis and Hopf bifurcation

In this paper, we focus our attention on the new competitive model with time delay
which is described by
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L = (a— e —d(z +y),
= co(z+y) —my —ey, (2.1)
d—jzmy—bz—i—K[z—z(t—ﬂ],

where z(t — 7) is the number of small and medium-size investment enterprise trans-
formed into big investment enterprise accumulated over time 7. K[z — z(t — 7)] is
the state’s adjustment for business economic. K > 0 is the growth factor of support
for the development of the big investment enterprise. On the contrary, K < 0 is the
restraint coefficient of restraining the development of the big investment enterprise.

Clearly, system (2.1) always has a unique positive equilibrium E*(z*,y*, z*),
where

E* :(;U*’y*7z*)
_ (blm+e) blacm + abc — bmu — bep) m(acm 4 abc — bmy — bey)
~ \e(m+b)’ cd(b + m)2 ’ cd(b+ m)? '

By analyzing the characteristic equation of the linearized system of system (2.1) at

the positive equilibrium, we investigate the stability of the positive equilibrium and

the existence of the local Hopf bifurcations occurring at the positive equilibrium.
The linearized system of (2.1) is

U = Au(t) + Bu(t — 1), (2.2)
where
u(t) = (v,9,2)", A= (aij)3x3, B = (bij)3x3,a11 = a — 2uz* — dz* — dy*,
a2 = a13 = —dz”,az = c(y* +2%), an =cx* —m—e, ax =cr’,
azp =m, azz3=—b+ K, b33 =—K,

all the others of a;; and b;; are 0.
The characteristic equation of system (2.2) is

N+ a A2+ ao) +as + (K)\2 + ag\ + a5) e M =0, (2.3)
where

a; = —ai; — G2 — a3z, A2 = Q11022 + A11033 + Q22033 — Q23032 — A12021,
a3 = 11023032 + 412021033 — 411022033 — G13021032,
ay = —K(a11 + az2), as = K(aiaze — a12a21).
The equilibrium E*(a*,y*, z*) is stable if all roots of (2.3) have negative real

parts. Thus, we need to investigate the distribution of roots of Eq. (2.3). Obviously,
iw(w > 0) is a root of Eq. (2.3) if and only if w satisfies

—iw® — a1w” + aziw + az + (—Kw? + asiw + a5) (coswr —isinwr) = 0.  (2.4)

Separating the real and imaginary parts, we have

—w + Aow = —Kw?sinwr — a4 WCOSWT + as Sin wr, (2.5)
—a1w? + a3 = Kw? coSwT — a4w COSWT — a5 Sin wr,
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which implies
w® + (af = 2a3 — K*) w* + (a3 — 2a1a5 + 205K — aj) w® + a3 —az =0.  (2.6)
Let z = w? and denote
p=al —2ay — K? q=as—2a1a3+2a5K — a3}, r=a3—a. (2.7)
Then, Eq. (2.6) becomes
2 4pt+qzt+r=0. (2.8)
Denote
h(z) = 2% + p2® 4+ qz + . (2.9)

Hence, we have the following lemma.

Lemma 2.1. For the polynomial Eq. (2.9), we have the following results.

(i) If r <0, Eq. (2.9) has at least one positive root.

(i) If r < 0, Eq. (2.9) has at least one positive oot if and only if there exists a
z* > 0,such that b'(z*) =0 and h(z*) > 0.

Suppose that the Eq. (2.9) has positive roots. Without loss of generality, we
assume that it has three positive rootsdenoted by z1, z2, 23, respectively. Then

w1=\/z, w2:\/57 WSZ\/%~

According to (2.5), we have

ayw?(w? — az) + (a1w? — a3)(as — Kw?)

COSWT =
T ajw? + (Kw? — a3)?

Thus, if we denote

2/ 2 2 2
(4) 1 _1 ((aawj (Wi — a2) + (a1wj — a3)(as — Kwy) o 9
= 3 .10
Ths oL {cos < 2 + (Ko? —as)? +2mje, )

where k = 1,2,3; j = 0,1,2,..., then Fiwy, is a pair of purely imaginary roots of Eq.
(2.3) with 77. Define

0 .
To = T;SO) = ker{rﬁg’s} {T,&O)} , WO = Wy- (2.11)

Note that when 7 = 0, Eq. (2.3) becomes
A+ (K 4 a1)) A% + (ag + ag)\ + az + a5 = 0. (2.12)

Till now, we can employ a result from Ruan and Wei [8] to analyze Eq. (2.3), which
is stated as follows.
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Lemma 2.2. Consider the exponential polynomial
P()\ e e L e*)‘Tm)
=2+ PNy PO+ PO+ [Pl(”/\“*1 4+ PU A+ PO e

I [Pl(m))\n—l N P’I’S,Tl)\ + Prgm)} e~ Am

where 7; > 0 (i = 1,2,3,...,m) and Pj(l)(i =0,1,2,..m;j = 1,2,....,n) are con-
stants.

As (T1, T2, o, Tm ) vary, the sum of the order of the zeros of P(\, e 2, ... ,e= ™)
on the open right half plane can change only if a zero appears on or crosses the
1Maginary aris.

By Lemma 2.1 and 2.2, we can obtain the following results on the distribution
of roots of the transcendental Eq. (2.3).

Lemma 2.3. Suppose that z, = w? and h'(zy) # 0, where h(z) is defined by (2.9).
ARNG) g AR

T dr

Then, has the same sign with h'(zy).

Proof. Substituting A(7) into Eq. (2.3) and differentiating the resulting equation
in 7, we obtain

(33 4 200 + 0z + 2K+ 0 — 7 (KN 0k + a5)] 7}
=\ (K/\2 4+ a4)\ +a5) e—AT,

and then

{dwl (BN 420 A +ag) e 2K\ + ay T

— - —. 2.13
dr A (KA 4+ agh + as) AKX +agh+as) A (2.13)

It follows from (2.5) that
[)\ (K)\2 + ag\ + a5)j|7_77_(j) = —in,% — a4w,% + iaswy,
'k

(8N +2a1A +a2) €] __ ) = (a2 — 3w} + 2aqiwy) (cos wpr? + isinwwr?),
'k
(2.14)
[QK)\ + Cl4L__T(j) =aq + 2Kiw.
'k

From (2.13), (2.14) and (2.7), we can obtain

{Re d()\(r))}_l

dr )

T=Ty
(3/\2 + 2@1/\ + ag) e)‘T

—R,
U NEA? T aah + a5)

QK)\ —+ aq
A (KA2 + ag) + as)

1 .
=— {a4wi(3wk — as) cos wlegJ) —

A

—2wy (aswy, — Kw})(a cos wkT,Ej) +2K) + 2a1a4w} sin wkr,gj) - aiwi}

(3w} — ag)(aswy — Kwy) sinwkT,gj)
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1
Y {3wf +2(af — 2as — K?)w + (a3 — 2a1a3 + 2a5 K — af)wj }

1 2
=1 {3wf + 2pwi + qui} = % {3wi + 2pwi + ¢} = ZKkh’(zk),

where A = ajwi + (Kw} — asw)?. Thus, we have

sign {szw — sign {Re‘g;\m)] oL ZR B () 4 0,

) A
Re d(A(7))

T=Ty
T

completes the proof. O

Note that when 7 = 0, Eq. (2.3) becomes Eq. (2.12), Routh-Hurwitz criterion
implies that

(Hl) if K+a1 > 0, as + as > 0 and (K+CL1)(CL2 +CL4) — ((13 +a5) > 0, all roots
of Eq. (2.3) with 7 = 0 have negative real parts.

(Hs) if K+ay > 0,a3+as > 0and (K +a1)(az+aq) — (az+as) <0, Eq. (2.12)
have one negative real root and one pair of conjugate complex roots with positive
real parts.

where A, z;, > 0. We conclude that has the same sign with h'(zx). This

3. Direction and stability of the Hopf bifurcation

In this section, we obtain the conditions under which a family of periodic solutions
bifurcate from the steady state at the critical value of 7. Following the ideals of
Hassard et al. ( [1,2,7,9,10]) by the normal form and the center manifold theory we
derive the explicit formula for determining the properties of the Hopf bifurcation
at the critical value of 7.

For the sake of simplicity of notation, we denote the critical values 7 = 7, = k](-k),
and denote the pair of purely imaginary roots of Eq. (2.3) as tiwy.

Let X =z —a*, Y =y —y*, Z =2z — 2z, then the system (2.1) can be written

as
dX
P (a —2pzx* —dz* —dy*) X —dz* (Z +Y),
dY * * *
E:C(Z +y )X —(m+e)Y +cx*(Z+Y), (3.1)
dz
=mY —bZ+K[Z-Z(t-7)).

Let pw = 7 — 73, then p = 0 is the Hopf bifurcation value of system (3.1). Let
t = 7t, then the system (3.1) can be rewritten as a functional differential equation
in C([-1,0],R?),

#(t) = Lu(ze) + f(p,21), (3-2)

where z(t) = (21(t), 22(t), 25(t))" ¢ R3 and L,:C— R f:RxC — R3 are given
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respectively by

L#((I))

a—2ux* —dz* — dy* —da” —da” ¢1(0)
= (10 + 1) c(z* +y%) cx* —(m+e) cx* $2(0)
0 m ~b+K | \ ¢3(0)

00 0 $1(—1)

+(o+p) |00 0 $2(-1)

00 —K ) \¢s(-1)

(3.3)
and

—n3(0) — dd1(0)(62(0) + ¢3(0))
f(7,6) = (10 + 1) c¢1(0)(¢2(0) + ¢3(0))
0

From the discussions in Section 2, we know that if 4 = 0 , then system (3.2)
undergoes a Hopf bifurcation at the positive equilibrium E* and the associated
characteristic equation of system (3.2) has a pair of simple imaginary roots +i7( .

By the Riesz representation theorem, there exists a function p(é, 1) of bounded
variation for 6 € [—1, 0], such that

0
Lt = /_ dp(6.0)6(0). ¢ € C.

That is to say

a —2ux* —dz* — dy* —dx* —dx*
p(0, 1) = (10 + ) o(z* +y*) cx* —(m+e) cx*  |o(0)
0 m -b+ K
00 0
+(m+pw|oo o |o@+1),
00 —-K

where o is Dirac-delta function.
For ¢ € CY([-1,0],R3)
0
%(9), 0 € [-1,0),
A(p)p = :
f,1 dp(:“', 8)¢(8), 0= 0,
and
0, 6 €[-1,0),

f(ﬂv¢)v 6 =0.
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Then, when 6 € [—1,0) and z:(0) = z(t + 0), system (3.1) is is equivalent to
i(t) = A(pze + R(p)we. (3.4)
For ¢ € C! ([0, 1], (R?)*), define

du(s)
fi)l de(ta O)lb(it)v s =0,

s €[-1,0),

and a bilinear inner product

' 0 6
(). 00) = 0000 = [ [ =0 (33)

where p(6) = p(0,0). Denote A = A(0), then, A and A* are adjoint operators.
From the previous section, we know that +wry are eigenvalues of A(0). Thus,
they are also eigenvalues of A*.
Suppose that () = D(1, 8*,v*)T e« is the eigenvector of A(0) corresponding
to iwTg, then A(0)q(0) = iwTpq(8). It follows from the definition of A(0) and p(0, )
that

—a1q + 1w — a12 — a13 0
70 —az1 1w — g — a3 q(0)=10 1,
0 — as2 w — a3z + Ke“”“ 0

which yields

q(9) = (18,77

L . \T
- (1 a11023 — Q12021 — d23WW W — 411 a11G23 — @12a21 — a232w>
- - . b .

ar2(iw + azs — az) a2 ar2(iw + ag3 — as)

Similarly, it can be verified that ¢*(0) = D(1, 8*,7*)Te?**“™ is the eigenvector
of A* corresponding to —iwTy, then

. , _ .
¢*(0) = D(1,8*,v)"' =D (1, _ofut zw, (a11 + iw)(ag2 + iw) — (112(121)

a21 21032

By (3.5), we have

(CI(S)v q(O)

~

)( BT

/ D 1 ﬁ* ‘*) i(E— O)wmdp( )(1,6,’}/>T€_i(5_9)w70df
£=0

0

=0 (1455 47~ [ 001, 5
-1

=D (1+ BB* + 7" — Kyy*moe ™).

- 1
Thus, we choose D = = = = —— such that (q(s),q(0)) = 1.
1+ BB + vy — Kyy*roe i« (q(s),q(0))
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In the following, we follow the ideas in Hassard et al. [2] and and by using the
same notations as there to compute the coordinates describing the center manifold
Cy at p=0.

On the center manifold Cy, define
Z(t) = (¢", 1), W(t,0) =z —2Re{2(t)q(0)}. (3.6)
We have

W(t,0)

(2(1), 2(t), 0)

and

2 52

W(Z,Z, 9) = Wgo(@)% + W11(9)z2 + W()Q(e)% + -

where z and Z are local coordinates for center manifold Cy in the direction of ¢*
and g*. Note that W is real if z; is real. We consider only real solutions. For the
solution z; € Cy of (3.5), since p = 0, we have

2(t) =iTowz + (¢*(0), f(0,W(z, z,0)) + 2Re{2q(0)})
' 0)f(0,W(z,z,0)) + 2Re{zq(0)}

where

2 52 222

_ z z
g(z, 5) = q*(O)fo(Z, 5) = 920? + 9112z + 902? + 9217 + - (3.7)

From (3.6), we have
2(0) = (216(0), 22:(0), w3¢(0))" = W (t,0) + 2q(8) + 2q(0)
and
q(6) = (1, 8,7) e,
then, we have

2 52
210(0) = 2+ 2+ WP (0) 5 + Wi 0)22 + W (005 +0 (|2, 27)

2

52
— z
©21(0) = Bz + B2 + Wy (0) 5 + Wi (0)22 + W3 (0) 5 + 0 (|2, 2) .

22 72
234(0) = vz + 72 + Wy (05 + Wiy (0)z2 + Wi (0) 5 + 0 (|2 2I°)
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together with (3.7) it follows that
9(z,2)
—pa$,(0) — dz1:(0)(22:(0) + 23:(0))
=q¢*(0) fo(z, 2) = 1o D(1, B*,~*) cx1¢(0)(22:(0) + x3:(0))
0
=10D [~p+ (B +7)(ch* —d)] 2* + 1D [=2p+ (B + B+ 7 +7)(cB* — d)] 22
70D [+ (B + )" - d)] 2
+ 70D {[(8+7)(B* — d)(eB* - d) = 2u] W} (0)

[(B+7)(eB* — d) = 2u] Wi (0) + (e — d) [WP (0) + WP (0)]
s - [0+ Wi o)] } 22

:ToDKlz + T()DKQZZ + T()DK322 + T()DK4225,

M—lw\r—t

where

Ki=—p+ (B+7)(cf*—d),
Ky ==2u+ (B+B+7+7)(cB* —d),
Kz =—p+ (B+7)(cB* —d),

[(B+7)(cB* — d) — 2u] Wi} (0) +

+ (e — ) (WD) + WP 0)] +

[(B+7)(cf* — d) — 2u] Wiy (0)

(e —d) (Wi (0) + Wi (0)].

1

K4 5

1

2
Comparing the coefficients with (3.7), we have

g20 = 270DK1, g1 = 10DKa, go2 = 219DK3, go1 = 270DK,.

In order to determine go1, in the sequel, we need to compute Waq(6) and Wi ().
From (3.4) and (3.7), we have

W =zg— zq — 2q
AW —2Re {CI_*(O)fOQ(e)} 70 € [_17 O)a

AW —2Re {q*(0) foq(0)} + fo.0 = 0,

2 AW + H(z,2,0), (3.8)
where
22 z2
H(Z7Z,0):HQ()?-FHH(Q)ZZ-FHOQ(Q)E+"' 5 (39)

Since the coefficients are equal, we can obtain

(A - 2in0)W20(9) = 7H20(0), AW11(0) = 7H11(0) ey

H(z,%,0) = —¢*(0) foq(0) — ¢*(0) foq(0) = —gq(8) — 5q(0). (3.10)
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Comparing the coefficients with (3.9) gives
Hao(0) = —920q(0) — Go2q(0), Hi1(0) = —g119(0) — g11q(0). (3.11)
From (3.11) and the definition of A, we can get
Wao(0) = 2iwroWao(6) + g204(6) + Go23(6).-

Notice that ¢(0) = (1, 3,v)T e we have

ig20 10w T if}zo — 10w 210w
f) = 22 0y 220 ° 4+ E 0 12
Wao(6) = Z2g(0)ei%™ 4 22 g0)ctm 4 Ey®0m, (3.2

where Ey = (E;l),Ef),E?)) € R? is a constant vector.

Similarly, we can also obtain

i . i |
Wi (6) ::-_Zgifq(o)elewfb«+-;%%§q(0)elaw7b t B, (3.13)

where Fy = (Eél), E§2)7 Eég)) € R3 is also a constant vector.
In what follows, we will seek appropriate F; and Es. From the definition of A
and (3.10), we obtain

0
/_ Ap(6) W20 (6) = 2iwraWan(0) — Hn(0)

0 (3.14)
and / dp(6) Wi (6) = —Hyy (6),
where p(6) = p(0, 6).
From (3.8),we have
—p—d(B+7)
H30(0) = —9204(0) — 502q(0) + 270 c(B+7) (3.15)
0
and
—p—Re(B+7)
Hiy1(0) = —g119(0) — 114(0) + 270 cRe(B +7) . (3.16)
0

Substituting (3.12), (3.13), (3.15) and (3.16) into (3.14) and noticing that
0 o

(irowl — / ew‘”‘)dn(e)> q(0) =0 and (—iTowI — / e—”’mﬂdn(e)) g(0) =0,
—1 —1

we obtain
—p—d(B+7)

0
(22’7’0w1 —/ eQingodn(9)> B =27 c(B+7)
-1
0
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It follows that

9 |THT d(B+) dx* dz™
1
EE)ZM c(B+7)  2iw—ca*+(m+e) —cx” ;
0 -m 2iw 4+ b — K + Ke~2wmo
) 2iw — a+ 2ux* +dz* +dy*  —p—d(B+7) dz™
2
E£ ) = M 76(2* -+ y*) C(ﬁ +’Y) —cz” ?
0 0 2iw + b — K + Ke=270
9 2iw — a + 2ux* + dz* +dy* —p—dz* —pu—d(B+7)
3
E£ ) i —c(z* +y¥) 2iw — cx* + (m+e) c(B+7) )
0 -m 0
where
2iw — a 4 2ux* + dz* + dy* dx* dxz*
M = —c(z* +y*) 2iw — cx* + (m + e) — cz*
0 —m 2iw +b— K + Ke™ 20

In the same way, we can obtain Fs. Thus, we have

—u—Re(B+7) dz* dx*
Eél) = % cRe(B+7) —cz* + (m+e) —cz* |,
0 —-m b
—a+2ux* +dz* +dy*  —p—Re(B+17) dx*
EéQ) = % c(z* +y%) cRe(B+7) —cz* |,
0 0 b
—a+ 2uz* 4+ dz* + dy* dx* —p—Re(B+7)
Eé?’) = % —c(z* +y%) —cz* + (m+e) cRe(B+7v) |
0 —m 0
where
—a+ 2ux* + dz* + dy* dx* dx*
G = —c(z* +y*) —cx* + (m+e) —cx*|.
0 —-m b

Hence we can determine Wy (0) and Wi1(6). Therefore, each g;; is determined
by the parameters and delay in (2.1). Thus, we can compute the following values:

c1(0) = ﬁ <911g2o —2gn|? - |9032|> + %’ 2 = _M’
~Im{e1(0)} + Im{\'(70) }

wTo

T, = ;B2 =2Re{c1(0)},
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which determine the quantities of bifurcating periodic solutions in the center mani-
fold at the critical value 7, i.e., puo determines the directions of the Hopf bifurcation:
if py > 0 (u2 < 0), the Hopf bifurcation is supercritical (subcritical) and the bifur-
cation exist for 7 > 7(< 79); B2 determines the stability of the bifurcation periodic
solutions: the bifurcating periodic solutions are stable (unstable) if 83 < 0(> 0); and
T5 determines the period of the bifurcating periodic solutions: the period increase
(decrease) if Tp > 0(< 0).

4. Numerical Simulation

In order to better understand the nature of the system, we perform the numerical
simulation and analyze the system. We choose a = 0.2; b = 0.15; ¢ = 0.4; d = 0.2;
e =0.4; m=0.01; p = 0.1; K = 0.2. By a simple calculation, we can easily get

wp = 0.191856479, 79 = 6.05451339.

When 7 = 5.46 < 79, the system tends to be stable and after a period of
macroeconomic regulation and control, the numbers of the small and medium-sized
investment companies and large investment company will eventually tend to a e-
quilibrium E*(0.9609,0.4871,0.0325), see Fig.4.1; when 7 = 6.056 > 7, we can get
the periodic solution of the system, see Fig.4.2.

Figure 1. The trajetctories and phase graphs of system (2.1) with 7 = 5.46 < 179, K = 0.2, E* become
local stable.

5. Conclusion

In this paper, we have proposed an enterprise competitive model with time delay in
the number of large investment company. We have discussed the local asymptotic
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Figure 2. The trajetctories and phase graphs of system (2.1) with 7 = 6.056 > 79, K = 0.2, a stable
periodic solution bifurcate from the equilibrium E*.

stability of this model, and further shown the macroeconomic control to the market
at different times will have different impacts on the entire market.

When the macroeconomic control to the market within the critical value of
time, it will promote the steady development of the market; otherwise, it will lead
to confusion in the market. In this paper, we provide the right time to carry on the
macroeconomic control to the market. And a guidance for the maintenance of the
stale development of the investment market is shown.
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