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1.Presentation of Agghoo - prediction

X ,Y are measurable spaces, P a distribution on X × Y, and
γ : Y × Y → R a measurable contrast function. For ex:

Y = {−1; 1} and γ(u, y) = Iu 6=y in classification

Y = R and γ(u, y) = |y − u| in median regression.

Definition

A predictor is a measurable function t : X → Y.

The excess risk of a predictor f is defined by

`(s, t) = E [γ(f (X ),Y )]− inf
g predictor

E [γ(g(X ),Y )]
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1.Presentation of Agghoo: notations

Fix an integer n. Denote

Definition

Dn = (Xi ,Yi )1≤i≤n ∼ P⊗n a sample of size n.

For a sample Dn and T ⊂ {1, . . . , n}, DT
n = (Xj ,Yj)j∈T .

A : ∪k∈N(X × Y)k → predictors a learning rule.
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1.Presentation of Agghoo: hyperparameter selection

Given learning rules (Am)m∈M and a sample Dn, choose
parameter m.

Optimal choice m∗ realizes infm∈M `(s,Am(Dn)).

Examples:

m = k in k−NN for classification.

regularization parameter, m = λ (Lasso, Ridge, SVM...)
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1.Presentation of Agghoo: CV risk estimation

Definition

Fix a sample Dn = (Xi ,Yi )1≤i≤n. Let T ⊂ {1, . . . , n}. For any
learning rule A,

HOT (A) =
1

|T c |
∑
j /∈T

γ
(
A(DT

n )(Xj),Yj

)
.

1 ≤ p ≤ n, T ⊂ {T ⊂ {1, ..., n} : |T | = p}

CVT (A) =
1

|T |
∑
T∈T

HOT (A)
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1.Presentation of Agghoo: CV selection

Idea: estimate `(s,Am(D)) and optimize in m.

Definition

Let M be a set of hyperparameters.

A hold out predictor is f̂ ho
T = Am̂ho

T
(DT

n ) where

m̂ho
T = argminm∈MHOT (Am).

A CV predictor is defined by f̂ CVT = Am̂CV
T

(Dn) where

m̂CV
T = argminm∈M CVT (Am)
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1.Presentation of Agghoo: Agghoo

Idea: aggregate several hold out estimators.

Definition

Assume Y is convex (regression...).
T1, ...,TV i.i.d ∼ U ({T ⊂ {1, .., n} : |T | = bτnc}).

f̂ agτ,V =
1

V

V∑
i=1

f̂ ho
Ti

Parameters are V and τ .

V-fold CV =⇒ V-fold aggregation.

CVT =⇒ f̂ agT .

Guillaume Maillard Aggregated Hold-Out



1.Presentation of Agghoo: comparison with
cross-validation

Cross-validation:

Dn, (Am)m∈M, T

(HOT1 (Am))m∈M

(HOTi
(Am))m∈M

(HOTV
(Am))m∈M

(CVT (Am))m∈M m̂ Am̂(Dn)

...

...

mean argmin train

Agghoo:

Dn, (Am)m∈M, T

(HOT1 (Am))m∈M

(HOTi
(Am))m∈M

(HOTV
(Am))m∈M

m̂1

m̂i

m̂V

Am̂1(DT1
n )

Am̂i
(DTi

n )

Am̂V
(DTV

n )

f̂ agT

argmin

argmin

argmin

train

train

train

...

...

...

...

...

...

mean
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Simulation setting 1

Y ∼ 〈w∗,X 〉+ ε where ε ∼ Cauchy(0, 0.08)

Xj =
∑1000

i=1 I|i−j |≤corZie
−2.332 (i−j)2

2cor2 where Z = standard
gaussian vector.

w∗,j = u∗,g(j) where g = random permutation and u∗,j = b

for 1 ≤ j ≤ r , u∗,j = b
4 for r + 1 ≤ j ≤ 3r .

b such that ‖〈X ,w∗〉‖L2 = 1.

sample size n = 100
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Agghoo vs CV for two parametrizations of the Lasso
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Agghoo vs CV for two parametrizations of the Lasso

2 4 6 8 10

0
.9

1
.0

1
.1

1
.2

1
.3

1
.4

1
.5

Performance as a function of V for r = 24, cor = 15

V

(m
e

a
n

 r
is

k
) 

/ 
o

ra
c
le

Agghoo

CV

Agcv

Agghoo Lars

CV Lars

Agcv Lars

2 4 6 8 10
1

.0
1

.1
1

.2
1

.3
1

.4
1

.5

Performance as a function of V for r = 150, cor = 15

V

(m
e

a
n

 r
is

k
) 

/ 
o

ra
c
le

Agghoo

CV

Agcv

Agghoo Lars

CV Lars

Agcv Lars

Guillaume Maillard Aggregated Hold-Out



Simulation setting 2

Y ∼ 〈w∗,X 〉+ ε where ε ∼ Cauchy(0, 0.3)

Xjs+i =
√

0.8Z 0
j+1 +

√
0.2Zj ,i for 0 ≤ j ≤ r − 1, 1 ≤ i ≤ s,

Xi = Wi−r for rs < i ≤ 1000, where Z 0,Z ,W independent
standard gaussian.

w∗,js = b for 0 ≤ j ≤ r , 0 otherwise.

b such that ‖〈X ,w∗〉‖L2 = 3.

sample size n = 100
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Agghoo vs CV: impact of confounders
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Simulation setting 3

Y ∼ 〈w∗,X 〉+ ε where ε ∼ Cauchy(0, 0.3)

Xj =
√
ρZ 0 +

√
1− ρZj for 1 ≤ j ≤ r , Xi = Wi−r for

r < i ≤ 1000, where Z 0,Z ,W independent standard gaussian.

w∗,j = b for 0 ≤ j ≤ r , 0 otherwise.

b such that ‖〈X ,w∗〉‖L2 = 3.

sample size n = 100
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Agghoo vs CV: impact of correlations between predictive
covariates
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