
Day 3. Classification. Emines.

Exercise 1 (Ada Boost) Let (xi, yi)1⩽i⩽n ∈ (X×{−1, 1})n be n observations and H = {h1, . . . , hM}
be a set of M (weak) classifiers, i.e. for all 1 ⩽ i ⩽ M , : hi : X → {−1, 1}. It is assumed that for each h ∈ H,
−h ∈ H and that there exist 1 ⩽ i ̸= j ⩽ n such that yi = h(xi) and yj ̸= h(xj). Let F be the set of all
linear combinations of elements of H :

F =


M∑
j=1

βjhj ; β ∈ RM

 .

Consider the following algorithm. Set f̂0 = 0 and for all 1 ⩽ m ⩽ M ,

f̂m = f̂m−1 + βmhm where (βm, hm) = argmin
h∈H , β∈R

n−1
n∑

i=1

exp
{
−yi

(
f̂m−1(xi) + βh(xi)

)}
.

Le classifieur final sera φ(x) = sgnf̂M (x).

1. Choosing ωi
m = n−1 exp{−yif̂m−1(xi)}, show that

n−1
n∑

i=1

exp
{
−yi

(
f̂m−1(xi) + βh(xi)

)}
=

(
eβ − e−β

) n∑
i=1

ωi
m1h(xi)̸=yi

+ e−β
n∑

i=1

ωi
m .

2. For all 1 ⩽ m ⩽ M and h ∈ H, define

ϵm(h) =

n∑
i=1

Di
m1h(xi)̸=yi

where Di
m =

ωi
m∑n

j=1 ω
j
m

Prove that setting

hm ∈ argmin
h∈H

ϵm(h) and βm =
1

2
log

(
1− ϵm(hm)

ϵm(hm)

)
.

is licit.

3. Propose an algorithm to compute f̂M .
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