Outline

e [ he kernel trick

e Soft-margin SVM
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slightly:

Two types of non-separable

seriously:
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Error measure

Margin violation: y, (W'x, +b0) > 1 fails
Quantify: y, (WX, +b) >1 — &, &,>0

N
Total violation = an
n=1
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The new optimization

N
1
Minim L. C )
nimize o w'w + ;15

subject to Yy, (Wx,+b)>1—-¢, for n=1,...,N

and  &,>0 for n=1,...,N

weRY | beR , £ecRrY
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Lagrange formulation
| N
.3) =—ww+Can Y an(yn (Wx, +b) — 146,) — Zﬂnfn

n=1
Minimize w.r.t. w, b, and £ and maximize w.r.t. each a,, > 0 and 571 Z 0

N
VieL = W — Zanynxn: 0

oL a

. Z AplYp = 0
0b —

oL

% — Oy — ﬁn —
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and the solution is ...

N | NN
Maximize Lla) = Zozn — 5 2 2 YnYm Cnlim X5 X, w.rt to o
N
subjectto 0 <, < C for n=1,--- N and Zanyn:()
n=1

N
— W = Zanynxn
n=1
1 N
minimizes o W'W + C’;ﬁn
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Types of support vectors

margin support vectors (0 < a,, < C)

Yn (WX, +0) =1 < 0)

non-margin support vectors (o, = C')

Yn (WX, +0) <1 (&, > 0)
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Two technical observations

1. Hard margin: What if data is not linearly separable?

“primal — dual’ breaks down

2. Z: What if there is wy?’

All goes to b and wy — 0
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