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Abstract
In this paper , a Kantorovitch-Ostrowski type convergence theorem and an
1" (20) " f (@ns)l
1" (z0) =1 f (@)l

at the center between initial points for King-Werner iteration method in Banach
space are established.

error estimate of using the information of higher derivatives
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1. Introduction

Let
flz) =0 (1.1)
where f : X — Y is a nonlinear operator which maps Banach space X into Banach
space Y. The well-known iteration methods for solving (1.1) are the Newton method

and very kinds of its improvement methods. One of them is the so called King-Werner
method defined by

_ ZTntUn
=
k’lU(P, ‘/EOJyO) : T+l = Ty — f’(zn)_lf(xn) Vn € N[], (12)

Yn+1 = Tn41 — fl(zn)ilf(xn-l-l)
which is established by King in [7], Werner in [12] in different formulas, respectively.

It is interesting that the method (1.2) is of order 1 + v/2 with the same function
computation cost and two times combination cost as that of Newton method. Define

w(z,z) =z — f'(2)7 f(2),

then (1.2) can be rewritten as

_ ZTntYn
=
kUI(P, wanO) : Tyl = w(wn’zn) Vn € N(). (13)

Yn+1 = W(Tnt1,2n)
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There are a number of papers concerning the convergence of Newton method and its
improvement methods under the condition of Kantorovitch theorem or relatively close
ones (e.g.[2],[6],[8]-[11],[13] etc.). In [4] [5], Kantorovich type convergence theorems and
estimates of Newton method and two Newton-like methods using higher derivatives
information are proved, respectively, if f has higher derivatives, though they are not
used in iteration process. The idea of using higher derivatives at initial points is also
used for Halley method in [14], and for a class of parameter based Chebyshev-Halley
type methods in [3], where the higher derivatives are used in iteration process.

In this paper, a convergence theorem of Kantorovitch-Ostrowski type using higher
derivatives at the center between initial points for King-Werner method (1.2) is es-
17 (z0) " )1

1/ (z0)~ 1f(fﬂn)ll

obtained. We put forth the main results in §2 and give the proofs and an example in
§3.

tablished. Also, an error estimate of the decreasing speed of

2. Main Results

Define O(z,t) = {z € X|||lz—z| < t}, O(z,t) = {z € X|||lx — 2| < t}, where z € X.
Theorem 2.1. Let X,Y be Banach spaces, f : X — Y have first- and second-order
Frechet derivatives, which are bounded linear operators from X toY and X to L(X,Y),

respectively. Suppose zo,yo € D C X, a convex subset of X, zp = $0+y0 and
lzo =yoll <7, [ler = woll <,
1" (z0) =" " (20)lI < 7,
1" (z0) " (@) = f"W)Il < Kllw =yl Va,y € D.
—
If O(Z(),t* - 5) C D,
3+ () < IV 22K (2.)
7 + VY2 +2K+ K
and X
S G+’ +(5+m) -1<0, (2:2)

where (1) = 2 s KT — —’)’7’ + 37, then

i) the sequence kw(f;xo,yo) defined by (1.2) starting from xo,yo converges to the

unique solution of f(x) in O(z,t* — 5)UO(20,t"" — )N D, where 0 < t* < t** are
two positive zeros of the polynomial

K T.3 1 T T T ¥

o) =BTyl T Ty T, Y2 Ko

— 2.
6 2 2 2 2 2 8 48 (23)

ii)

|xy — 2*|| < t* =t |lz* =yl < t* = sp Vn € Ny



