
Outline
• The kernel tri
k
• Soft-margin SVM


© AM
L Creator: Yaser Abu-Mostafa - LFD Le
ture 15 13/20



Two types of non-separable
slightly: seriously:

PSfrag repla
ements-1-0.500.51-1.5-1-0.500.511.5
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Error measure

Hi

Hi

violation

Margin violation: yn (wT
xn + b) ≥ 1 fails

Quantify: yn (wT
xn + b) ≥ 1 − ξn ξn ≥ 0

Total violation = N∑

n=1

ξn
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The new optimization
Minimize 1

2
w

T
w + C

N∑

n=1

ξn

subje
t to yn (wT
xn + b) ≥ 1 − ξn for n = 1, . . . , N

and ξn ≥ 0 for n = 1, . . . , N

w ∈ R
d , b ∈ R , ξ ∈ R

N
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Lagrange formulation
L(w, b, ξ,α,β) =

1

2
w

T
w + C

N∑

n=1

ξn −
N∑

n=1

αn(yn (wT
xn + b) − 1+ξn)−

N∑

n=1

βn ξn

Minimize w.r.t. w, b, and ξ and maximize w.r.t. ea
h αn ≥ 0 and βn ≥ 0

∇wL = w −
N∑

n=1

αnynxn = 0

∂L
∂b

= −
N∑

n=1

αnyn = 0

∂L
∂ξn

= C − αn − βn = 0
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and the solution is . . .

Maximize L(α) =

N∑

n=1

αn − 1

2

N∑

n=1

N∑

m=1

ynym αnαm x
T
nxm w.r.t. to α

subje
t to 0 ≤ αn≤ C for n = 1, · · · , N and N∑

n=1

αnyn = 0

=⇒ w =

N∑

n=1

αnynxn

minimizes 1

2
w

T
w + C

N∑

n=1

ξn
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Types of support ve
tors

Hi

Himargin support ve
tors (0 < αn < C)
yn (wT

xn + b) = 1 (ξn = 0)
non-margin support ve
tors (αn = C)

yn (wT
xn + b) < 1 (ξn > 0)
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Two te
hni
al observations
1. Hard margin: What if data is not linearly separable?

�primal −→ dual� breaks down
2. Z : What if there is w0?

All goes to b and w0 → 0
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