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Introduction

Cadre : Sélection de modeéle par minimisation d’un critére
pénalisé.

Hypothése : La pénalité est connue a une constante prés.

Objectif : Capushe permet de calibrer cette derniére.
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n-échantillon Xj,..., X,de X
Paramétre d’'intérét s € .7

Fonction de contraste v : . x X — R telle que

s € argmin Ex [y(t, X)]
tes

Exemple :
n=1000et X = R®

s la densité de I'échantillon
(s, X) = —log s(X)

Question



Contraste empirique Vt € S,7n(t) = 1 |
Exemple :

n
1=

v(t, X;)
1

’Yn(sm) = —log (H S(Xi; 9))
i=1

n
—> log s(X;; 0)
i=
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Famille de modéles (Sm) e de complexité respective Cp,.
Estimateur s, de sdans Sy, :

Sm € argmin yn(t).
teSm

Exemple :
Sm ensemble des mélanges sphériques avec m composantes.

X~ PV (o)
i=1

= Cm =4m+ (m— 1) nombre de parametres libres de tout
mélange de Sp,

m

1 32 - 1
a(sm) = = > _log | > pi(2m) 2o exp | — 51X — pill3
i=1 i=1 !



Modéle oracle :

m* € argmin Ex [¢ (s, 3m)]
meM

ou£(s,t) = Ex [y(t, X)] — Ex [v(s, X)]

¢ est la divergence de Kullback-Leibler

nae
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Modéle oracle :

m* € argmin Ex [¢ (s, 3m)]
meM

ou £ (s, t) = Ex [y(t, X)] — Ex [+(s, X)]

¢ est la divergence de Kullback-Leibler

crit(m) = vp(Sm)
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Modéle oracle :

m* € argmin Ex [£ (s, 5m)]
memM

ot £(s,t) = Ex [v(t, X)] — Ex [v(s, X)]
¢ est la divergence de Kullback-Leibler

Fonction de pénalité pen : M — R™ telle que le modéle m
minimisant le critere pénalisé associé

crit(m) = vn(Sm) + pen(m)

ait un risque Ex [((s, s5)] proche de celui de l'oracle.
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Pénalité optimale

argmin critopt(m) = argmin (s, 8m)
meM meM

La pénalité idéale serait :

Critopt(m) = £(S,8m) < Vn(Sm) + pengs(m) = £(s, Sm)
& pengy(m) = £(s, 8m) — n(Sm)

Question
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Pénalité optimale

peng:(m)

0000 0000

(8, 8m) — n(8m)

(Ex [1(Em. X)] — Ex [1(Sm. X))
T (Ex p(sm X)) — Ex [1(5. X))
+ (vn(Sm) — v (ém))

=Vm

— (vn(Sm) — 1n(s))
—n(S)
Vi + Vm + An(Sm) — 7n(8)

Question
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Heuristique de pente [SH1]

pen, = kVpy

crit.(m) = yn(Sm) + KVm
Yn(Sm) + K (%(Sm) -7 (Em))
= (1- /‘f)’Yn(/S\m) + KYn(Sm)

Birgé et Massart (2006) :

~

penmin(m) ~ Vm
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Heuristique de pente [SH2]

Ap(sm) =0
Nous obtenons :
pengp(m) = Vm+ Vim + An(Sm)
Vm + Vim

A~ 2 X pengyi(m)

Question
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Forme de la pénalité PENghape

La pénalité a calibrer est de la forme

A

penshape(m) = KVm
penmin(m) = Fmin penshape(m)

Pour les mélanges gaussiens :

penshape(m) = Cm
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penmin(m)

%

Q

Vm

Yn(Sm) — ¥n(8m)

Yn(Sm) = ¥n(S) + 7n(S) = ¥n(5m)
Ex [E(S, Sm)] + ’)’n(S) — 7n(§m)

«0O0>» «F» «=)r» «
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Capushe Question
[e]e)

Vn(8m) — 1n(8) = Ex [£(S, Sm)] — Hminpenshape(m)

Contrast representation Successive slope values

niw)

Number of points (pengzss(m).—7:(3m)) for the regression

Selected models with respect to the successive slope values

k=21

Wodel

k=14

Ktz

TLETEEIEES

PR

T
2L LNT

PeTgrze() (labels : Model names) Number of points. (pensae(m)~7,{3,) for the regression
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= ResDDSE=DDSE (datacapushe,pct=0.15,po1nt=0,ps1.rlm=psi.bisquare,scoef=2)
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= ResDDSE
[1] »"k=21"

= ResDDSE=DDSE (datacapushe,pct=0.15,po1nt=0,ps1.rlm=psi.bisquare,scoef=2)
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Commande

= ResDDSE=DDSE (datacapushe,pct=0.15,point=0,ps1i.rlm=psi.bisquare,scoef=2)
= ResDDSE

[1] "k=21"

= summary(ResDDSE)

Selected model: K=21

Corresponding Slope interval: [1.18;2.62]1(88% of points)

Selected model complexity: 184
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= ResDDSEpartial=DDSE(datapartialcapushe)

«0O0>» «F» «=)r» «
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= ResDDSEpartial=DDSE(datapartialcapushe)
= plot(ResDDSEpartial)

«0O)>» «F»r « =

Er <
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Validation

= ResDDSEpartial=DDSE (datapartialcapushe)
= plot(ResDDSEpartial)

Contrast representation Successive slope values

& R S R e T
2 2 18 18 w2 11 8 7 3
2 Number of pOntS (PeNesse(m) =7+(8:)) Tor the regression
Gt Selected models with respect to the successive slope values
£ ke
£
o — The regression ne i computed wih 11 points
I L S B A
tfdid i didizgrgzirrrzzzei il s

Number of points. (PN gzq(m),~74(3,)) for the regression

I3

Pema() (labels : Model names)
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= ResDDSEpartial=DDSE(datapartialcapushe)
= plot(ResDDSEpartial)

= validation(ResDDSEpartial,datavalidcapushe)
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Validation

= ResDDSEpartial=DDSE (datapartialcapushe)
= plot(ResDDSEpartial)
= validation(ResDDSEpartial,datavalidcapushe)

Contrast representation

o The regression line is computed with 11 points

= o *  Validation points

TLEELEL LI4bibhblddd s < ) &
5

< D
i

Penenspe(M) (labels : Model names)
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Djump

Cm(x) la complexité du modele minimisant le critere crit,;(-)
K Cp(,) doit faire un saut au voisinage du fimin

Dimension Jump

243 (K=80) : ---= Maximal Jump

Selected Complexity (Model)

T T T T T T T T T T T
0 032 065 097 IS 16 19 23 Kopt 29 32 36 39

Values of the penalty constant «
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= plot(Djump(datacapushe,Ctresh=1800/log(1608]))

«0O)» «F»
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= plot(Djump(datacapushe,Ctresh=1800/log(1608]))

Selected Complexity (Model)

Dimension Jump

et Maximal Jump
1o (ce) - -
15 (kea) o -
T o —
Cea
w8 (ez2)
Toa iczr)
T T T T T T T T T T T
0 039 079 12 I 2 24 28 Kopt 35 39 43

Values of the penalty constant «
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= plot(Djump(datacapushe,Careajump=sqrt(log(1e@e)/1e08)))

«0O)» «F»
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CAreaJump

= plot(Djump(datacapushe,Careajump=sqrt(log(1e@e)/1e08)))

Dimension Jump

et ! Maximal Jump
Jump area
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= ResDjump=Djump(datacapushe,scoef=2,Careajump=sqrt(log(1e60)/1000),Ctresh=a)

«0O0>» «F» «=)r» «
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= ResDjump
[1] "Kk=21"

= ResDjump=Djump(datacapushe,scoef=2,Careajump=sqrt(log(1e60)/1000),Ctresh=a)
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Commande

= ResDjump=Djump(datacapushe,scoef=2,Careajump=sqrt(log(1e60)/1000),Ctresh=a)
= ResDjump

[1] "Kk=21"

= summary(ResDjump)

Selected model: K=21

Estimated penalty constant: 1.29
Selected model complexity: 104

Jump area: [1.18;1.4]
Model selected by jump area: K=21
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= ResCapushe=capushe(datacapushe,n=1000)

nae
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Commande

= ResCapushe=capushe(datacapushe,n=1000)
= summary(ResCapushe)

Model selected by DDSE: K=21

Corresponding Slope interval: [1.18;2.62](88% of points)
Selected model complexity: 104

Model selected by Djump: K=21

Estimated penalty constant: 1.29
Selected model complexity: 104

Jump area: [1.18;1.4]
Model selected by jump area: K=21

Model selected by AIC: K=58

Model selected by BIC: K=21
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Commande

= ResCapushe=capushe(datacapushe,n=1000)
= summary(ResCapushe)

Model selected by DDSE: K=21

Corresponding Slope interval: [1.18;2.62](88% of points)
Selected model complexity: 104

Model selected by Djump: K=21

Estimated penalty constant: 1.29
Selected model complexity: 104

Jump area: [1.18;1.4]
Model selected by jump area: K=21
Model selected by AIC: K=58

Model selected by BIC: K=21
= plot({ResCapushe)
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Contrast representation Successive slope values

R R s s e R A
| 50 4 42 a W@ 28 24 19 15 10 6
Number of points (PeNs-ace(m} ~7:(8-)) for the regression
- Selected models with respect to the successive slope values
R k=219
s
k=14
s oe The regression e is computed with 24 points pave N
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Penge() (labels : Hodel names)

Number of points (peNeszse( M)~ 73] Tor the regression
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Selected Complexity (Model)

Dimension Jump

245 (kem0) —
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DA
44/46



Introduction Théorie Heuristique de pente DDSE Djump Capushe Question
0000 000000 0000 0000 [e]e)

Question ?
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