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Interpolate

f(X) =Q0q + O£2X100

» Newton/Lagrange interpolation: 101 samples

0 ,100]

» only 4 unknowns: a1, oo, X°, X

» how to solve it from 4 samples?

Motivation
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exponential analysis

generalized eigenvalue problems
computer algebra

orthogonal polynomials

signal processing

moment problems

nonlinear approximation theory

many applications . ..

Motivation
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Motivation

xXs=sA, s=0,1,2, ...

n >
Y aicos(Piixs) + Y, aizsin(@iaxs) = f
i=1 =1
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Motivation

Univariate exponential sparse interpolation
(Exercise)

Multivariate polynomial sparse interpolation
(Exercise)

Connection with rational approximation theory
(Exercise)

. Applications unlimited
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Sparse

Interpolation BaS|CS eXponentlal

Basics:
exponential

Figure: Gaspard Riche de Prony [1795]

Universiteit
Antwerpen 8/77
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Interpolation problem:

Basics: n

polynomial Z o7 eXp(¢iXS) = f.-Sr s=0,..., 2n-1

Approximation 4
theory =1

Applications

References

Xs=S—, w=27w/M
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Basics: exponential

finding €2;:

z2-Q)=2"+by 12"+ 4+ b1z + by
I(
i=1

0= Q7 (Q] + bp1Q7 "+ + by)

i=1
n n-1 n
=> o+ Y b | D Y
=1 J=0 =1
n-1
=Ts4n+ Z bjfsy;
J=0
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fb . fn_l bO fn
References : a : : :

fn—l Ces f2n—2 bn—l f2n—1
Hankel matrix:

feo oo T
}4£r) — . .
f;'+n—1 <. fr+2n—2
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Hadamard polynomial:

H (z) =
Ij(z Q)

Basics: exponential

fb f%——l f%
fn—l f2n—2 f2n—1
1 Zn—1 Zn
_HP(2)
H|
=2"+ by 12" e+ bz + by
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formally orthogonal polynomial:

v:z0 > o,

s=0,1,...

n
v iexp(dixs) = QF — > Q] = £

i=1

v

Z

HY(2)

.
H|

H (2)
A

0,

4

i

Basics:

exponential

[Henrici, 1974]
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Basics: roots of — () from GEP:
polynomial H(O) |
n
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theory
Applications 1 o 1 al
References
(0) 2 QD Q,
Hn = . .
n-1 n-1
Q1 Qn
T
=VID,V,

Basics: exponential

1 Q Qr-1
Qs :
an/ \1 Q, Qn-1

14/77



Basics: exponential

[Hua and Sarkar, 1990]
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Basics: exponential

finding ¢;:

exp(81) = exp(R() 7

3@l < S

arg(2)) = arg(exp(¢iw))
-3(8) 7y € -l
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n .
Y oY =f, s=0,...,n-1, 0<j<n

i=1
' J .
le e Qn aq fj
+n—1 +n—
Qrt ot \an) e

remaining interpolation conditions are linearly dependent
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finding n:

N<n:|H

70,

+0

Basics: exponential

r=0,1,...

ifQ/infOF/ij

r=0,1,...

[Kaltofen and Lee, 2003]
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Example: exponential

evaluate at x; = s=5, M =100, [J(¢;)] <50

sequence fy, ..., fz, ... is linearly generated
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Example: exponential
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10—10 - n
D
-16 | \
10 2 4 6}
Figure: H,E,O) singular, N =6

Q. -Q. oA

Li—;dszx104% |—qbi—ib'dglecr”
1€2] [oxl
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