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Remember Rolle's theorem

pix so degg eggs

patplans where P'so
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So e.g pCx has a root almost

if pEx has no roots

Remark of real roots canbe
bounded

Tg of monomials Khovanski

iu Descartes oaix
ha at

most th number of alternations of
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Multiple roots are harder to see

If p has a root so does p2

but small perturbation p
R 25790 spbd.io

might not t methods

was

Remark IR dHer from in

terms of instability of roots

This is a serious practical

problem
pgtgi
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Is the zero at xs 1 an experimental

error

signH O
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PCN has a double roof if

ged p p 1
n

god can be determined alg

by Euclidean algorithm






































































































































Resultant
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Make a matrix

Deg p t DegLg Deg2 ptg
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GCD 1pm p't dSturm's theorem
pass 11k g

In case f x ha no multiple roots p

so all roots are between the roots of f'c

INFORMALLY look for whether

ftp.lflpid 20 or not

But then you'd need to find the

p papi whee typoD

to continue to do th next degree

This can be done algorithmically

elegantly






































































































































STURM'S THEOREM

Better approach
Stant P pi B AP P R etc

i
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or a root of some Pi
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KEY PROPERTIES

So do the same for P with multiple

roots

P P B Pr GCD Pi RIsf g
GED Has the same of alternations of signs

as
p p

for Pyp Pyp l
r

when sticking out any a not a root
of P

Sturm works even if P has multiple
roots








































































































































SYLVESTER's THEOREM

varieties Generalize 44 following

method from plane curves

old

Use a resultant to

get a 1 variable equation for
solve with Sturm






































































































































WHAT CAN GO WRONG
F
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THIS IS HIGHLY NON GENERIC
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