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§ 1. lntroductmn

| 'I‘he Balratow method ig & well—known iteration for datermmmg a real quadratm
fautor af 8 polynomm.l with real meﬁments

F(m) gm;mﬂ“. = B (1)

'I'he method gstemmed from applying the Newton method *I;o a system of equations
with two variables. Its adva.nta.ges are that the computational program is simple and
that the convergenoce-is quadratlﬂ if there are only smpla roots or real double roots
in the polynomial (gee [1]).

In designing filters the compuiational accuracy is an mporlnnt problem. In
computbstions we have to find all quadratio factors of the “product polynomial”

F@)=P)+K-Q), (2)
where P(z), Q(2) take the form

;Iji (z—7) I (3)
OT

II(:B — QT — Vsa) (4)

and K, ;, ¥4, %a are real numbers (see [2]) In general, the polynomial (2) is
transformed into the form (1). When a quadratic factor has been found by the
Bairstow method, the polynomial is divided by the factor and the iferation is
confinued with the quotient polynomial. In this way, all quadratic factors can be
found (see [8]). However, in the transformation of (2) into (1) and in the
deflation there are acoumulstions of rounding errors in the ooefficients of the
polynomial, Wilkinson™’ showed that for the polynomial with olustered roots very
small perturbations in coefficients will make comparatively large errors in the roots.
The polynomials mentioned in the design of filters are just so. To avoid the
acoumulation of errors in deflation we can make purification ad given in (4}, i.e. we
can use the factors obtained by deflation as initial approximations for iteration in the
original polynomial (1). However, numerical practice shows that there is a danger
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in purification. Although a facl:er obtained by deﬂetmn ig’ cloger 10 some facter of
(1), the iteration may converge to another factor. Thus, some of the faebers obtained
in purification may be repeated or be a new combination of factors and the others:
disappear. If we use parallel iteration to find all factors of a polynomial
simnlteneously, then the deflation ig not necessary and the danger may be avoided:
(see examples in Seotlon 5) Moreover, that iterafion is suilable for vector
computers.

- In this paper, from the wewpom'b of linear mterpelatlen we give a general rule
for constructing a method finding quadratio factors of a polynomial, from which the |
Bairstow method may be derived and a family of parallel iterations for finding all
‘quadratio factors of a polynomial simultaneously is given too. The latter method is
applicable in principle to -811 polynomials: given in any form, provided that their
linear interpolation polynomials can be computed in certain ways. In partioular, if
we apply it directly to,(2), the computational program is still simple. We show that
its convergence is of erder ¢-+1 and displays good behavior. For comparison, some
gimple numerieal exemples are presented

5 2. The Linear Interpo_lai;iom for Pu.lyne{mia]s
g and Rational Functions

We denote by R* the real n—-dimensional space. Let P be a set of polynemlals
with real coeflicients, P*={ f&P| the degree of f is not greater than n}, {f/g|
f, gEP}. For &= (w1, ug)™ €R®, we write -

QM L, iy ' (5)

and denote by | |
| L{fy=L(f; u, ¢; o) =L(f; 8, ¢) (z—c)+1:(f; ©, 0) (6)
the linear interpolation polynomial for f&F with nodes e, s, where a, @y are the
roots of Q(u, ) and ¢€R! is a number independent of f. L(f) is determined
uniquely in spite of o, but a suitable choice of ¢ may reduce the computations (see
below). In this section we consider the computation of such linear interpolations for
the polynomials given by (1) or (2) and for the rational functions.
It is elear thas finding L (f) is equivalent to finding -

* l(f) '=l(f: U, G)= (L(S; 6, c), la(f; 4, ﬂ))r' (7)
Clearly, : g
T {L(af+bg) —aL(DHBE@, g
- 1(af-+bg) =al(f)+8(9), Vo, LR, £, g€F,

L(Q(ll), u, o; 2)=0, e s T (9)
- lQw);'w, o) =10, K )
For any ©= (94, %)"GR’ S
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