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Converse continuity
Fixe > 0;if || X — A <&,
» what aboutn (£, X) and m(a, A)?
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Pseudoeigenvalues df € C™"*"

e >0, & € C, e—pseudoeigenvalue of if
o € A(Xp) for someX, € C"*"
[ Xo— Al <¢

Pseudospectrum of level

A.(A) := set ofe—pseudoeigenvalues df
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A(A) = | ) AX)

XEC’I’LXTL
[ X —All<e

Strict pseudospectrum of level
AL(A) = AX)

XE(Cnxn
[ X—All e

* A.(A) compact set.

* A’(A) open set.
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Theorem 14 € C**", e > 0; S1,...,5,(,4)
connected components 8f (A); VX € C**",
| X — Al <e,Vi=1,...,p(g, A),

> mEX)= ) ma,A).

£CA(X)NS, acA(A)NS;
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| X — Al <e

+me=2+1=1+1+1=mi+
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Multiplicities of pseudoeigenvalues

Proof of Theorem 1

| X — Al <e

Z(t)=A+t(X —A), 0<t <1,
Pz)(A) = det ()\I — Z(t));
Sylvester’s resultann — 1) x (2n — 1)

R(t) = Res (pz(t) ; p/Z(t))

#A(Z(t)) =n —v(R(t))
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Bifurcation of eigenvalues

E top. space: E — C™*™ continuous.

n(t) ;= #{u € C:det(ul — A(t)) =0}, t € E.

to € E point of bifurcation of the spectruimf A If
vV V(tg) neighbourhood ofy, n(t) # cte.

10



Multiplicities of pseudoeigenvalues

Zt) = A+HX —A), 0<t<1.

11



Multiplicities of pseudoeigenvalues

Z(t) = A+ X —A), 0<t<1.

» Because of the entries &i(¢) are polynomials
int, dafinite I C |0, 1],

s iftel0,1] \F,
<s IftekF.

#A(Z(t)) =

11



Multiplicities of pseudoeigenvalues 11

Z(t) = A+ X —A), 0<t<1.

» Because of the entries &i(¢) are polynomials
int, dafinite I C |0, 1],

s iftel0,1] \F,
<s IftekF.

#A(Z(t)) =

* Asrank R(t) > n, Vt € |0,1],= 1 < s < n.



Multiplicities of pseudoeigenvalues 11

Z(t) = A+ X —A), 0<t<1.

» Because of the entries &i(¢) are polynomials
int, dafinite I C |0, 1],

s iftel0,1] \F,
<s IftekF.

#A(Z(t)) =

 Asrank R(t) > n, Vt € [0,1],= 1 < s < n.

« F' points bifurcation of spectrum df.
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Lemma 2. Continuous parametrization
A 0,1] = C,5=1,...,s,

vt € [0,1], {A (1), ..., A1)} = A(Z(2)) C AL(A).

;([0,1]) C S; for only one connected component.
Lemma 3. Constant multiplicities
(a,b) C |0,1] \ F,

» the multiplicities of\;(¢), ..., As(¢) are
constant.

Proof. #A(Z(t)) = son(a,b).



Multiplicities of pseudoeigenvalues

o Graphic explanationfigures.pdf
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Corollaries of Theorem 1
AeC™™, e>0,AL(A),

S1,-..,5,(,4) CONNected components
u(e, A) ;=  max Z m (o, A),

1<i<p(e,A
sispled) A@NS;

\
VX [ XAl <e,VE € A(X), m(E,X) < pu(e, A).

<m Figure 2
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| ower bound
A c (Can,

m(A) := 7o m(a, A);
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| ower bound
A c (Can,

m(A) := arenj\aél) m (o, A);

{

> 0: JA)=m(A)} < ' X—A
sup {e p(e, A) = m( )}—m<x>r§£m+1” |
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