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Abstract

In this thesis,we concentrate on Hopf bifurcation analy-
sis,computation of periodic solutions and numerical simulation by
6 — method and linear multistep method for delay differential equa-
tions(DDEs). We choose famous Logistic equation as main research
model,because of its abundant bifurcation phenomenon and simple
expression.

Because of the limitation of analytical method now, numerical
analysis becomes one of important methods for studying periodic
solutions. Computation of periodic solutions of DDEs have been
applied to some fields in a large amount, such as feedback control,
mathematical biology etc. We will study Hopf bifurcation analysis
for DDEs, which is also very helpful to computation of periodic
solution.

The another interesting problem is the relationship of the
numerical schemes for solving DDEs and the true solution it-
self,namely whether they have same asymptotic behavior. But it is

difficult to get the result because of the discontinuity of the solution

< 11 -



2003 E LK F L brie 3

of DDEs.

Firstly, with Hopf bifurcation theorem, we introduce
Lyapunov-Schmidt reduction method to analyze the Hopf bifur-
cation pf differential equations wit:h one lag, and we can get the
analytic periodic solutions near it. We deal with logistic equations
with lag in detail. After complicated calculating with LS reduction,
we have the approximate analytic expression of periodic solutions
near the Hopf bifurcation points. It is in accord with the result
of Kaplan and Yorkes’ method for periodic solutions of a class of
DDEs.

Secondly, we investigate collocation method for the computa-
tion of periodic solutions of autonomous DDEs. Periodic solutions
are founded by solving a periodic two-point boundary value prob-
lem, which is an infinite-dimensional problem for DDEs. We inves-
tigate the collocation method based on piecewise Hermite poly-
nomial. The approximate expression of periodic solutions and
Lyapunov-Schmidt method are used for solving the discrete non-
linear equations. And continuation method is used to get other
solutions in the branch of periodic solutions. It shows superconver-
gence in the nunierical examples.

Finally, we study the relationship between the asymptotic be-
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havior of a numerical simulation by linear multistep method and
#—method. The numerical methods is viewed as a dynamical sys-
tem in which the step size act as a parameter. Numerical stability
of them for nonlinear DDEs is investigated and we prove that A-
stable linear multiple methods are NP-stable. The existence of
spurious 2-period solution in the time-step are also studied. We
give two simple examples to illustrate instability of the spurious
2-period solutions.

Key Words: delay differential equations, Logistic equation,
Hopf bifurcation, collocation method, pseudo-arc continuation, dy-

namic systems, spurious solution.
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1.2  MRIMAR
1.2.1 R4 58 Hopf SR EEABMREIL O

A RBHHT TT R — RIS 2 ISP TR (8 [20-
27)). WO TTRRR —RRE R A

y'(t) = f(t, a1(t,y(t),- ., ar(t,y(t)), t > to, (1.1)

Xy R f 2 n YRR, BRI a(s, y(8) W2 au(t, y(2) =
t—7(tyt) <t 1 <I<k, AR n(t,y@t)) H (FTEE) Lt
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2'(t) = —A; tanh(z(t — T1)) — A tanh(z(t — T3))

e A6 =1,2) BIEWEL &TEA Vi o =0, FIAFL
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