Support Vector Machines

Machine Learning
CS5824/ECES424
Bert Huang
Virginia Tech




Outline

. arge-margin and model complexity
Formalizing large margin

Quadratic program form
Soft-margin

Non-linearity












Quantifying t Argin

D={(x1,y1), .., (Xn ¥n)} x; € RY !

el
y,-(WTXI- + b) > 1 VI € {1, e n} -



w!'x+b< —1

margin = \/(X_|_ —x_ )" (xy — x_)

w'x_ +b=—1
w'xy +b=1

X = X_ + YW
Xt — X =YW



margin = /(RIS (x. — x_)
A — 1

w'x, +b=1 w'(x_ +yw)+b=1
Xy = X_ +YW

N

_ﬂw w =1

yw'w =1

_ dw ' w 2
margin = =
5 w!w x w!'w VwTw



| arge-Margin Linear Classification
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| arge-Margin Linear Classification
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Quadratic Programming
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Soft-Margin Form
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Soft-Margin Form
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Nonlinear Decision Boundary
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Nonlinear Decision Boundary
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Nonlinear Decision Boundary
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Nonlinear Decision Boundary
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Polynomial Feature Map

d(x) = [Xl, oox9 Xt X xIxt L x99 ]T
Third-order terms  {x*x*x%, x*x*x?, .., x'xIx9, ..., x¥xIx%}
Fourth-order terms (X' x*xti, j, k, 0 e {1,...,d}}

(x)| = ) d*=0(d")



Soft-Margin Form w/ Feature Map

slack penalty
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(We rarely want to use this form.)
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Optimization

o "Off-the-shelt” quadratic programming solvers

e (usually interior-point methods with barrier functions)
* (Gradient approaches using hinge-loss interpretation of slack penalty
e Dual form optimization

e | eads to kernel trick



