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Support vector machines

% Support Vector Machine (SVM)
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Vector inner product
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What’s our goal?

Decision Rule (positive class)
w-u=c
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Mathematical expression

w-x,+b=>1 y; such that y; = +1 for positive class
wex +b<-—1 = —1 for negative class
G-

y(w-x, +b)=>1
y(w-x_+b)=>1
v:(W-% +b)—1=0
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Optimal problem

Width = (k, — x_) -
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We want maximize the width — Ellwll2
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Lagrangian function

Lw,b,@) = 2 W2 =Y Ly (@5 + b) — 1]
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What is Lagrangian?
L(x,2) = f(x) — 2g(x)
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Inner product in SVM

Lagrangian

1
L= Z a; — 52 z al-ajyiijl-xj

Decision Rule
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SVM using slack variable

» SEllHx(slack variable) &;
» o} CIO[O|E{E 2 StLiY dd
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SVM using slack variable

& MEEa|7} x| 2= Hlo|E{of i3 SVM
r

N
Find w,b which minimizes J(w) = %lle? + )¢
- i=1

subject to tz-h(a:z.) ==&, 4= LV

Scz' > § =1 N

C>0

L(w.b.&a,B) = —||w||2+ CZ -+ Zaf(l—tih(w,—)—

i=1 i=1
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SVM using slack variable

<+ MY Z2|7} K| X| %= HI0|E{of Cigt SVM
» X|HS X - cont.

. BaTE e

L'(w?bfgfafﬁ) - _||'lU||2+ ngz‘*' ZQ 1_th( ) z)_ 23252

i=1 i=1 i=1

. 4y -E-Iﬂ(dual problem)
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Kernel function

& M&E SVM (linear SVM)
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< H|O|E{e| 1 Xt& At&k(high-dimensional mapping)
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Kernel function

< O|O|E{e] X} AFAF — cont.
= XOR &H|

1 a >

&(z) = (a1, V22,2, 23) = (W1, 4, %) \A" T h

X; V2

< WX Heto| EH|H
= X}R9] X{F(curse of dimensionality) & 24
» HIAE HO0|E0] CHet YHESHgeneralization) 53 X3} 75
- O{WM(margin) Z[CH2}E Sl Lot 8 FA|
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« H'E E2l(kernel trick) A2 2 {4
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Kernel function

< SVMO| x| X3 25
= M3 SVM

1N N
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Kernel function

% HE EEl(kernel trick)

f B(x) () S DAROCZ HESI0] A MBHX| 2231, 2 BIO|E o)A
20

» KR H2Q 0| AAE 5 Q= Y ghg=(kernel function) K AFE
« K(x;,x;) = d(x;) - P(x;)

* g g0 of
" K(x,y)= (x"y)?

=[] v-P

o (xXTY)2 = (o +xy5)%= (0 y) 2200 y,) (x3)) ‘|‘ (x2)2)°
= [(x1)2 \/_x1x2 (xz)z][(h)z \/_J’1J’2 (3’2)2]

=P (x)  P(y)
(x1)? (r1)?
c D(x) = (V2x1x,| )= |2y,
(x5)? (72)?
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Kernel function

< CHEAEQl H'E e==(kernel function)
= C}F2HA 7' (polynomial kernel)

K(a"?g:xj) = (; - a:j+1)p, pE AT

= RBF(radial basis function) #'g

K(xz-,xj ) - 6_ ”-”: - -‘5_“'/(26‘)

= A= EMHIE (hyperbolic tangent) '8

K(z;z;) = tanh(az; - z,+3)
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Kernel function

. 1 N N N
Lla) = — b Z Zaz‘a_ftftj (z; T;) T E

i=1j=1 i=1
hz) = Y at Kz, z)+b
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