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CONVERGENCE ACCELERATION OF VECTOR SEQUENCES
BY VECTOR PADE APPROXIMATION*)
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g Abstfact

By making use of vector Padé apﬁr’oxiniﬁr’iis," a method for accelerating the
convergence of vector sequences is derived. The method obtained includes the well
known Henrici transformation .as a special.case.. A main’ ch'%:r@.cter of-the method .
is that it can use partial vector components to accelerate convergence of the whole
vector sequence. Results about the eﬂicacy of the method are eatahlmhed An
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algorithm and some numerical éxamples are-given."
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| §1 Introduction

o

In applied mathematms, we sometimes need to campute véctor sequences wlnch un-
der certain assumptions, converge to the solution’of the problem consideréd. However,
it is often the case that the convergence is so slow that the camputatlona.l approach is
of no practical use. Hence, it is natural to employ some convergence acceleration meth-
ods. In this paper, we derive a method from the vector Padé approximation introduced
in [5]. Differing from the existing acceleration methods (see {3]), our method does not
use a fixed number of components of the vectors being accelerated. The number of

components used varies with the degrees of Padée approximants.
In order to mtroduce the vector Padé a.ppmxuna.tmn(VPA) we give firstly the

fa]lawmg notations:

P | k .
B i= (ol p(z) = ) aiz',0 € C},

1=0
{f(z) E(z)—- Z a;2,a; € C},
: 1=k+1
gi::-m{“ n= (nl’: ; :nP)T!mEZ'f'! : '_ o ’P}’ :".-'?_--'

“where p is :h.-g:m‘-‘iitmtwh wmteger and Zy i8" the set of all nnnnegatwe mtegers |n|
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If g(z) = Y k=0 ¢ 2®, e € C, we denote

1 7 | *+r Clen4l
Cl+1 € "t Clend2 o5 5
I - - .
Tm,n(g) B . : i | oo _ '_ (1.1)
Cl4m—1 Ci4m-2 " Cl4im-n

with the convention ¢ = 0 if £ < 0.

Definition. Let f(z) = Yi= ﬂckz. ¢, € CP be a given power series, i =
(nl,---,np)T € Z§ and W = (wy, " w,,) € Z” be two given integer vectors such

that

gi=w-n€Z}, and |u|= lnl +m,

where m is a given integer. If we can find a vector: palynmmal N(z) € H; P and a scatar
polymmtal M (2) € Hp such that ST

f(z:)M(z) N(z) € 1:3'2,.- ~j and M(D)= 1 ,
then we call N(z)M(z)™! the [#,m, W] vector Padé approzimation of f. We denote 1t
as [7i, m, w]s. » |
From (4.1) and (4.2) of [5], we have ; |
Theorem 1 (Determinant expression for VPA) If H (n m,w) is mmingular; then

- (1.2)

Z

i - S i PALLdn I
Mis) = H(#,m,w - [B(n mw] H(#,m,7&) ] :

| (%) (A-1) ... zmfli-m)
N = gmms) {B(ﬁ{m,ﬁ ", H(r’i,mi’ﬁf ] B3
where | | |
TR . - T.-_-’:',“(f )
H(#A,m, i} = : . B(f,m,w) = ;
gl s . ;‘:;“(fp)

f(ﬁ)(z) = [fl(m)(z), - (“P)(z)]T f;(k)(?:) s g‘:'(c:)t . fﬂl‘ k>0,
01 fDI k< 0

fort=1,---~, p, and Det|[- -] denotes the vector obtained by ezpanding [ - | with respect
to its ﬁrst row”. Here and in the following (-): denotes the i-th mmponent of the uactor_
. In Section 2, we will abtmn an acceleration method from VPA. a.nd show tha.t the

Henncl transformation is a specm.l case of the method. Tn Section 3 we. will use the

E-algorithm in [2] to implement it. Some numerical examples are given i ‘Sectmn 4,
it

which show that the VPA method does accelerate the convergence ' of vector sequences,
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