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Soft margin optimization

o Input: S = ((x1,y1),(x2,¥2), -y (Xm,ym)) € (X x {£1})".

® Output: A combined hypothesis Hr =), ,, wph,
where w is an optimal solution of:
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@ 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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@ Solves the dual problem of soft margin optimization:

i d'A Apm, ={d e[0,1/v]™ | ||d]| = 1}.
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@ Boosting is a protocol between Booster and Weak Learner (WL).

Ineachstept=1,2,..., T,
@ Booster sends d;_1 to WL.

@ Booster obtains a hypothesis h; € H l.diy€Amy
from WL. @: :E
© Booster updates the distribution o hoen
. t

d; € A, over training instances.
Output Hr = Z;l wehy.
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Related works

LPBoost ERLPBoost C-ERLPBoost

)

Rounds  Q(m) O(El2 In27) O(Ei2 In
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NE!

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

@ ERLPBoost has a favorable bound
but involves a convex program per round. — Slower than LPBoost.

o 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.
© A unified view of the boosting algorithms.
o LPBoost, ERLPBoost, and C-ERLPBoost are instances of the
Frank-Wolfe algorithm.
@ Propose a “boosting scheme”.

e ERLPBoost and C-ERLPBoost are the instances of this scheme.
o Terminates in O(% In ) rounds.
e One can incorporate any heuristic algorithm into this scheme.
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Experiments

Soft margin objective Test error FW algorithms
— e, — re. 59
02 05 — ERLPB. 03] == AW (ss)
— . (55) — e, (P
— e, prw) - Ew rw)
04 02
£ o
o
c 03 01
D oo
£
00
o« 0.2
01
-01
01
-02 02
L A SR TR IR L A A R TS
o
.
03
o —— ERLPB.
s — e | o, Fw (PEW)
03 o1
02 0o
01
01
00
-0z
o T o Tor o s
04 | — e — e (59
05 —— ERLPB. 051 ——- Fw (s5)
— . (s5) — e, (R
03 — e (pEW) || 04T == Fw (PFW)
04
03 .
£ o
e o3 02
S o
= 01
02
= 0.0
00
01
ot o1
— e, (prw)
02 00 -0z
[T IR T T LT TR TR TR [ I SRt TRt St St
Time [sec] Time [sec Time [sec]

R. Mitsuboshi, K. Hatano, E. Takimoto oosting as Frank-Wolfe OPT 2022



