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SPLINE COLLOCATION APPROXIMATION TO PERIODIC
SOLUTIONS OF ORDINARY DIFFERENTIAL EQUATIONS"

| ~ Zhang Li-qing
(South China Universily of Technology, Guangzhou, China)

Abstract.

A spline collocation method is proposed to approximate the periodic solu
tion of nonlinear ordinary differential equations. It is proved that the cubic
periodic spline collocation solution has the same error bound O(A*) and super-
convergence of the derivative at collocation points as that of the interpolating
spline function. Finally a numerical example is given to demonstrate the effec-

tiveness of our algorithm.
#

§1. Introduction

The numerical ﬁﬁpfbxinia;tibn to the pkeri'o'dic solution of an autonomous ordi-
nary differential equation system has been brought into consideration for more than
a decade. Many numerical methods like the shooting method, Newton method,
the linear multlstep method etc. have been used in approximating the periodic
solutions! 5] -but hardly any rigorous analysis of the convergence and error esti-
mate of numerical solutions is given. In this paper a spline collocation method is
introduced to approximate the periodic solution of ODEs. It is proved that the cubic
periodic spline collocation solution (including a periodic orbit and its period) has
the same error bound O(k*) and superconvergence of the derivative at collocation
points as that of the interpolating spline function.

Consider an autonomous ordinary differential equation system
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I inding a T-periodic solution of (1. 1) is equwa.lent to solving a non-trivial solution
of the fullamng boundary va.lue problem[ﬂ
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own as a pha.sé condition (Refer to

148
~z(0) = z(1),
where p is a functional of C([0,1)), which is kn

3] for further information). Here we choose

P(2(0)) = [ z,(0) — o, if the k-th component of :1:([]) is given,
x e
fr(z(0)}, if the k-th component of :l:(t) takes its extremumn

Suppose {z(t),T) is a solution of (1.2)-(1.3), X (t) and Y (t) are denoted respec-

tively as the resolvents of

(1.5)
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If the matrix J ( =(0) . O is nonsingular, then the pa.lr (:r:( },T) is a

regular solution of (1.2)-(1.3)[3‘4].

£2. The Cubic Spline Collocation Method

m k= 'jl\f) be a uniform partition of interval [0,1], and

Lt 2% = {t} Lt =
N+l 10 3 cubic B-spline ba,sls on mesh A. A pair (za(t),Th) 1

{qﬁl(t) t=~1
N+1
cubic p‘eriﬁdic spline collocation solution of (1.2)-(1. 3) if a:h(t) Z c;¢;(1) and
| t=-—1
T, meets - . |
{ Fi(Ch) = zh(ti) - Thf(:c;.(ti)) =0, i=1-N, "
Fn41(Ch) = p(z4(0)) = ‘ |
where Cj = (ﬂ;,-* . eNsTh) Cati = C'(I = —-1 0,1), Fp = {FLy ,_FN+1).
Lemma 2.1. If X (1) is a resolvent of (1.5), then
rl '
fao) = X [ XE M aleds (22)

ion of (1 2)—(1 3) f(:r:(t]) satisfies (1.5). So we

| Pmof Since (z(1),T) is a solutl
X(l)f(z([})) .Therefore

have f(a(1)) = X()(2(0)) - Lett = 1, f(a(0)) = F(z(1)) =
x(1) [ X(s)7" fla())ds = X [ Fa(0))ds = X(S(=(0)) = S((O)



