EXTENDED ABSTRACTS

REAL ROOT XISOLATION FOR ALGEBRAIC POLYNOMIALS

Siegfried M. Rump
University of Karlsruhe
Fakultft Informatik

7580 Karlsruhe

Several algorithms are known to
separate the real zeros of & peolynomial.
In his thesgis Heindel [He76] showed, that
the computing time ¢f his algorithm using
Sturm sequences is polynomially bounded in
the iength of the <coefficients. The
polynomials are assumed tc have integral
coefficients, In his Diplomarbeit [Lii7€]
Licdicke gave a modified Sturm algorithm
for real algebraic polyncmials with a
polynomially bounded, but very high
computing time. He described and analyzed
the algorithm, but did not implement it.
In the present paper we extend the
Collins/Loos - algorithm [CL76) from
integral to real algebraic coefficients
and gain empirical computing times.

To achieve a real algebraic number
field Q(&) over the ratiocnals we assume an
integral polynomial Ye&2[x] with ¥{(«)=p
and an interval «fh with rational endpoints
to be given, which contains exactly one

real root cf ¥, namely ™. GgCvery real

glgebraic number AG((m) can be
represented by
Z n’ -1 a '“ll ai‘O-

From now on an indexed n like Ty denotes
the degree, an indexed d the size of the
index-polynomial. We note, that W is not
assumed to be irreducible and therefore

the representation need not to be unique.

For arithmetical operations in (Q(m) and

G(e) [y] Ekubald geve several algorithms

[Rh74] including ged-operations. Our main
algorithm relies heavily on sign
determinations, which are of course

trivial over the integers but by no means
over an algebraic number field (o) if one
ingists on infallability in 211 cases, we
give a

seguence of algorithms for

algebraic sian calculaticn where the

maximum computing time of

& 3 3
tastan (¥ h nr-{log(dA) +log (dy) }+ 1

i better than the result

t 5 ni + ng-{loq(dA)3+log(d?)3} + 1

of Kubald, For cne of the sign-algorithms
interval arithmetic is used.

Several algorithms are written to get
coercions of algebraic types,

A binary rational is a raticnal
numbker, where the denominator is a power
of 2. It turned out, that throughout the
main-algerithm only binary rationals are
needed, So & special binary arithmetic is
given with essential improvements in
theoretical and practical {(up to factor 6)
computing times over rational arithmetic.

Algorithms are agiven for efficient
evaluation of P(r), P& Q{«)}[y] and re€ 0.

Some improvements in estimating the



minimum root separation of an integral

peolynomial F&Z[x] were made, The

asymptotically best result for not

necessorily squarefree polynomials was

8]

-1 )
log{sen(P} "} = O(np+n§log(a9)).
see [CL73], [m176); we proved
logi : _1} = G{nslog(n )+nslog{c_}}
eqlsepls) - p oo tn ) TRgToaRE N

Such ectimates are crucisl for a tight

tince enelygis of root isclation
elgorithms. for F &€0(=) [y}l we found
=1y
log{sep(k) "} =
O{DY°np'(lcg(ny)+anqg(dY)+nPdDG(dP)}’

.

and & recet bound

Il < cw“ﬂdP‘“' for ©(R)=6.

the last estimation 1s not triviel,

peceuse the leading coefficient of F ray
be very gmall.
411 algorithme are cescriked and

anzlyzec in detail, <whe rain algorithm
coulda ke improved in some aspects. One ccd
an: one division ot velyncmials over (' {a)

. (1
were c£aved, and, 1n  cace H( } has only

simrle zeros one more god operation is
saveG: znd this tor each derivative, i.e.
nb times. “hece coerastions are very time

consuining. woreover an improverment ol the

thecreticzl computing tine was wossikle.

The nain algcriths has 2 maxinum

COI'L‘(__.Utilx(_‘! time of
3 v }’{10(1(" ) loc (¢ )} 1
L] T 4 o : .

t * D* n enc ! ) . ¥ +

corpered with

o -

B Z4 . .19 L .22
t g Dy -nP -log(op) -loq(cpj +3

of Lldicke [L{I76].

Furthermore several computinag examples

are given showing how the computing time

dependgs on the varicus inwut paremeters.
Here a high cependence was observed on the
degree c¢f P, 2 smaller dependence on the
degree of ¥ and (dp'éw)'

A detailed description, the
Ciplomarbett ana all algorithms as
FORTRAK~-card deck or on magnetic tape are
available from the author. The algorithmé

can be uvsed ag a subsystem of SAC-1.
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RADICAL SIMPLIFICATION MADE EASY
Richard E.B. Zippel

Abgtract: In this paper we summarize some of the
major results of the author's thesis cemcerning
the simplification of radicals. We present tech-
niques which permit linearly independent bases for
fields involving nested radicals to be constructed
and present results which may be used to de-nest
expressions lnvolving nested radicals.

SYMBOLIC MANTPULATION TECHNIQUES FOR VIBRATION
ANALYSIS OF LAMINATED ELLIPTTC PLATES

C.M. Andersen and Ahmed K. Roor

Abstract: A vibration analysis of laminated aniso~
tropic plates of elliptic plsgform #s carried out
using a Rayleigh-Ritz technique implemented with
the aid of the MACSYMA algebraic manipulation
system. TFor this problem MACSYMA analytically
performs a large number of differentiations and
integrations and outputs its results in the form

of Fortran code for defining the elements of two
large matrices. The block of Fortran code so0
generated is used for determining both the vibra-
tion frequencies and the derivatives of the vibra-
tion frequencies with respect to various material
and gecmetric parameters. Symmetries play a signi-
ficant role in reducing the amount of symbolic
computation needed.
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