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SEVERAL ABSTRACT ITERATIVE SCHEMES
FOR SOLVING THE BIFURCATION
AT SIMPLE EIGENVALUES'

YaNe ZuoNg-HUA (&%)
(Shanghai University of Boience and Technology, Shanghat, China)

Tn this paper we consider the nonlinear operator squation rp=Ig+G(A, %), where L is a closed
linear operator of X = X, X is a real Banach space, with a simple eigen value Ag#0. We discretize its
japunov—Schmidt bifurcation equation instead of the ‘original nonlinear operator equation and
estimate the approximating order of cur approximate solution to the genuine sclution. Our meothod is
more convenient and more accurate. Meanwhile we put forward scveral abgiract Newton—type iterative
echemes, which are more efficient for practical computation, and get the Tesult of their super-linear
convergence. | | ‘ .
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We consider the nonlinear operator equation in a real Banach space X

where L is a closed linear operator of X—> X with a real simple eigenvalue Ao+#0,
suoh that Ao —L is a Fredholm operator of index Zero, and G(A, ) iz a ¥wioe
continuously differentiable operator of a meighborhood of (Ao, NHERX X—>X,
G, =6, G, =) =0(}a|®, G.(2, =) —~0(}«]? hold uniformly for A near Ao, 1t
ig well known that Ao 18 2 bifuroation point from the irivial solution of (1) (see [11).
That is, in the neighborhood of (Ae, 0) there exisid (M(8), x(8)) * (A, 8) which
gatisfies (1). Moreover ' -

?‘(0)57‘05 ._"-’(3)=3(%+ﬂ(6)); ue & N (Ml —L);
v(0)=8; v(e) ER(MI—L). '

Here N (Al — L) and R(hAel —I) denote the null space and the range of the operator
(Aol — L) respectively, A(g) and v(s) are continuously differentiable functions of 8,
In order to compute the bifurcation golution near the simple sigenvalue Ao, the
asnal method is first fo disoretize the original monlinear operator equation (1), and
then to solve the finite dimensional bifurcation problem. Convergence of this method
was proved by Atkinson™, and. Weiss™, When the eigenvalue 2o and its
corresponding eigenelement were bnown in advance, Westreich and Varol™ proposed
an abstract iterative scheme a8 follows. Let @ be the canonical projection of X-onto.
N(pI—L) and leb Q*=I-—-Q, By means of the Liapunov-Schmidt method, the
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nonlinear operator oquation (1) can be gxplre.@ed_hin"the equivalent form
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{MT_SMW*Q(“’ 8(to+0)), @
Asto = s L+ QA (A, 8(uot+v)), o
where 0 € R(AJ —L), Let ¢ be the bounded linedr’ functional such that ¢ [u] =1
and ¢[v] =0 for vy€E R(I—1L), ThenQa=¢ [#]uo for o€ X - For example, if aw, is
an eigenelement of L* (the adjoint of L)Gﬂl‘reﬂpondlng i0 Ao and 2w gatisfies the
normality condition <{ue, woy =1, ¢ [«] can be expressed by {z, wo). ‘Therefore, (1)
can also be expressed in the other equivalent form
{”:E“-‘(u'—Q'm-wfe(:u;f:s.(ww)), 3)
A A=A+ 5" 1P LG (A, e(uptw))], o o
The operator AT — L restrioted 0 R(AeI —L) has a uniformly bounded inverse for all
A Dnear Ag, RS TEE B
The following simple iterative scheme was proposed by Waestreich and Varol®
B L aE) =0, M) =hg,
' R I—GQL)v(s) = QG (s), suet2* (), .
L () =g+ s [G (M (8), s+ ()N,
They proved that A*(s) and 2*(e) converge to the solutions A(s) and v(s) of the
hifurcation equation (8) respectively. However, its convergeni rate is only linear.
In practical numerical pomputatidn', the disoretization of the original problem is still
needed. They pointed out that under some condition .the limit of the bifurcation
solution of the disoretized problem is the solution of the original bifurcation
equation (3). However, they did not give the approximating order.

. . In this paper, we bave two purposes. First, we propose several -Newton—-type
iterative schemes for solving bifurcation equations iand point oub that, their
convergent tate is super-linear, they may raise computational - efficiency. Secorid,
we directly discretize its Liapunov-Schmidt bifuroation equation. (8) instead of the
original nonlinear operator equation. Starting from this point of view, we obiain the
estimation of the approximating order of our approximate soluiion to the genuine
solution and prove that when XA, and w, are known in advance, the solution of the
disoretized bifurcation equation is more accurate and more cgnyvenient than the
solution of the approximate finite dimensional bifurcation problem.
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2. Several lterative Schemes -~ = -

-_111 -.érdpri.tn ginnplify our notations, we deﬁote_' '-: o
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The eqtm'ralent.-form -of the bifurcation equation {B). 38w vaafay e
T [ MI-QLye=e@ER s(mt)), L
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. (A) The Newton iterative scheme | T |
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