Why does a statistician need Analysis?
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The best thing about being a statistician is that you get
to play in everyone's backyard. — John Tukey'

Tsee www.princeton.edu/pr/news/00/q3/0727-tukey.htm or The New York Times, July 28, 2000. 2
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Stephen Curry - Guard LeBron James - Forward

Shots missed Shots missed

Shots made Shots made

Shots density are from the authors. Player's pictureF arelfrom nba.com.
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For a stochastic process X

p(t) =E(X(¢)), teT

Cls,t) = E({1X(s) — u(s) HX (1) — u(t)}), s,teT




The covariance operator L is an integral operator
with kernel C

(L PUtp) = (Cp,.(tp,), F()),  tp €Tp

Happ, C. and Greven, S., Multivariate Functional Principal Component Analysis for Data Observed on Different (Dimensional) Domains (2018). 9



Hilbert-Schhmidt theorem

' = A\edr and A. — 0 for K — OO

Happ, C. and Greven, S., Multivariate Functional Principal Component Analysis for Data Observed on Different (Dimensional) Domains (2018). 10



Mercer's theorem

Cop(s,t) = > et () (2)

Happ, C. and Greven, S., Multivariate Functional Principal Component Analysis for Data Observed on Different (Dimensiona

) Domains (2018).
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Karhunen-Loeve decomposition

O

X(t) = ch¢k(t) with ¢k = (X, o))

k=1

Happ, C. and Greven, S., Multivariate Functional Principal Component Analysis for Data Observed on Different (Dimensional) Domains (2018).
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Fstimation
1. For each components:

« Estimate the univariate components and scores.

2. Concatenate the scores.

3. Perform an eigenanalysis of the covariance of the scores.

4. Estimate the multivariate components.

Happ, C. and Greven, S., Multivariate Functional Principal Component Analysis for Data Observed on Different (Dimensional) Domains (2018). 13



Gram matrix

<<XZ7 XJ>>

lij=1,...N



Duality diagram
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Golovkine, S. et al., On the use of the Gram matrix for multivariate functional principal components analysis (2025).
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H

Golovkine, S. et al., On the use of the Gram matrix for multivariate functional principal components analysis (2025).
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Relationships between 1 and M

ANe =g, k=1,2,.... N

Dk (") = \/Jifilk Z[uk]an()a k =

n=1

Cnk — le[uk]n, TLZl,Q,...,N,

1,2,....N



Stephen Curry - Guard LeBron James - Forward

Shots missed Shots missed

Shots made Shots made
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Shots density are from the authors. Player's pictureF arelfrom nba.com.




Eigenfunction ¢ (67.9%)

Eigenfunction ¢, (8.5%)

Eigenfunction ¢3 (6.1%)

Eigenfunction ¢4 (4.0%)

Shots missed

Shots missed

Shots missed

Shots missed

Shots made

Shots made

Shots made

Shots made

Pictures are from the authors.
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RKHS

H(C) = {TV2(f), f € H}

H(C) = {f(') = > oV k() {ar}id, € 52(N)}
k=1



The spectral density operator £
with kernel

fo(s,t) = 2ZCh s,t) exp(—ih6)
heZ



Differential operators

L=wo(t)I +wi(t)D+ - 4+wy—1(t)DI™" + DI(t)

LX(t) =0



Lots of stuff to do in FDA

and we need analysis for that...
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