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Soft margin optimization

Input: S = ((x1, y1), (x2, y2), . . . , (xm, ym)) ∈ (X × {±1})m.
Output: A combined hypothesis HT =

∑
h∈H w̄hh,

where w̄ is an optimal solution of:

max
ρ,w ,ξ

ρ− 1

ν

m∑
i=1

ξi

s.t. yi
∑
h∈H

whh(xi ) ≥ ρ− ξi , i ∈ [m],∑
h∈H

wh = 1,w ≥ 0, ξ ≥ 0.

ξi
ρ

HT

ρ

A linear program.

Hard for off-the-shelf solvers when H is a huge set.

Boosting is a standard approach for such a situation.
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Boosting

Solves the dual problem of soft margin optimization:

min
d∈∆m,ν

max
h∈H

(d⊤A)h, ∆m,ν = {d ∈ [0, 1/ν]m | ∥d∥1 = 1}.

Boosting is a protocol between Booster and Weak Learner (WL).

In each step t = 1, 2, . . . ,T ,

1 Booster sends dt−1 to WL.

2 Booster obtains a hypothesis ht ∈ H
from WL.

3 Booster updates the distribution
dt ∈ ∆m,ν over training instances.

Output HT =
∑T

t=1 wtht .

Booster

1. dt−1 ∈ ∆m,ν

WL

2. ht ∈ H
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Related works

LPBoost ERLPBoost C-ERLPBoost

Rounds Ω(m) O( 1
ϵ2
ln m

ν ) O( 1
ϵ2
ln m

ν )

Sub-problem LP CP LP

LPBoost is practical but takes Ω(m) rounds for the worst case.

ERLPBoost has a favorable bound
but involves a convex program per round. =⇒ Slower than LPBoost.

C-ERLPBoost has the same bound and solves LP, but it takes many
rounds, so it is slower than ERLPBoost.

Our objective

Find a practical boosting algorithm that has a theoretical guarantee.
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Contributions

Two contributions.
1 A unified view of the boosting algorithms.

LPBoost, ERLPBoost, and C-ERLPBoost are instances of the
Frank-Wolfe algorithm.

2 Propose a “boosting scheme”.

ERLPBoost and C-ERLPBoost are the instances of this scheme.
Terminates in O( 1

ϵ2 ln
m
ν ) rounds.

One can incorporate any heuristic algorithm into this scheme.
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Experiments
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