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Agenda

Support vector machines



Support Vector Machines

minw ,b
1
2
‖w‖2

yi(w>xi +b)≥ 1



Some Interesting facts

minx f (x) s.t .gi(x)≥ 0i = 1, . . . ,n (P)

LagrangianL(x ,α) = f (x)−
n

∑
i=1

αigi(x)

αi ≥ 0
K.K.T conditons

∂L
∂x

= 0 gi(x)≥ 0

αigi(x) = 0,αi ≥ 0



Details

L(w ,b,α) =
1
2
‖w‖2−

n

∑
i=1

αi(yi(w>xi +b)−1)

KKT conditions

∂L
∂w

= w −
n

∑
i=1

αiyixi

∂L
∂b

=−
n

∑
i=1

αiyi

αi(yi(w>xi +b)−1) = 0 yi(w>xi +b)≥ 1



SVMs

At optimality αi ≥ 0

w =
n

∑
i=1

αiyixi

b = yi −w>xi αi > 0

SVM Dual

max
α

n

∑
i=1

αi −
1
2

n

∑
i=1

n

∑
j=1

αiαjyiyjx>i xj

αi ≥ 0
n

∑
i=1

αiyi = 0



Geometric understanding

The class y = 1 lies in the halfspace

w>x +b ≥ 1

The class y =−1 lies in the halfspace

w>x +b ≤−1

The support vectors either lie in w>x +b = 1 or
w>x +b =−1



SVMs(Non-Separable case)

minw ,b,ξi

1
2
‖w‖2 +C

n

∑
i=1

ξi

yi(w>xi +b)≥ 1−ξi ξi ≥ 0 i = 1, . . . ,n



Details

L(w ,b,ξ ,α,µ) =
1
2
‖w‖2 +C

n

∑
i=1

ξi

−
n

∑
i=1

αi(yi(w>xi +b)−1+ξi)−
n

∑
i=1

µiξi

KKT conditions

∂L
∂w

= w −
n

∑
i=1

αiyixi

∂L
∂b

=−
n

∑
i=1

αiyi
∂L
∂ξi

= C−αi −µi

αi(yi(w>xi +b)−1+ξi) = 0, yi(w>xi +b)≥ 1−ξi ,µiξi = 0



SVMs(Non-separable case)

At optimality αi ≥ 0

w =
n

∑
i=1

αiyixi

b = yi −w>xi∀C > αi > 0

ξi > 0⇐ αi = C

SVM Dual

max
α

n

∑
i=1

αi −
1
2

n

∑
i=1

n

∑
j=1

αiαjyiyjx>i xj

C ≥ αi ≥ 0
n

∑
i=1

αiyi = 0

y = sign(
n

∑
i=1

αiyix>i x +b)


