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Large-Margin Separating Hyperplane
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plausible err = 0/1
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linear (hyperplane) classifiers:
h(x) = sign(w’x) J
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informal argument
if (Gaussian-like) noise on future x = x,:

<= tolerate more noise <= amount of noise tolerance
<= more robust to overfitting <= robustness of hyperplane

rightmost one: more robust
because of
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max  margin(w)
w
subjectto  every y,w'x, >0

margin(w) = r?in Ndistance{xn,w}
n=1,...,

Standard Large-Margin Problem
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‘shorten’ x and w

distance needs wyp and (wy, ..., wy) differently (to be derived)
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want: distance(x, b, w), with hyperplane w’x' + b =0 |

consider x', X" on hyperplane
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(1) wix = _ b, wx'= _p distfx, b}l N1
® w L hyperplane: ) L
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vector on hyperplane

© distance = project (x —x) to L hyperplane
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distance(z,b,w) = |(z — z')cos(0)| = | ||z — Z'|| - T2 ] | = Tl lwle — wlz'
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max  margin(b, w)
bw

subjectto  every y.(w'x, b

margin(b, w) = ,min mwn/n(W' X5 + b)
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necessary constraints: y,(w'x, + b) > 1 forall n

original constraint: w’ b
want: optimal (b, w) here (inside)

if optimal (b, w) outside, e.g. y,(W'x, + b) > 1.126 for all n

—can scale (b, w) to “more optimal” (5. s ) (contradiction!)

final change: max = min, remove /", add 3

T

min sw'w

b.w

subjectto  yn(W'Xn+b) > 1forall n
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Support Vector Machine
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min  iw'w
W

subjectto  yp(w'x,+b)>1foralln
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3 0 +1 3wy +bH>=1 (iv)
N & (i) = w > +1
’ { ((ﬁ]] & Em; = wp < -1 }j%wrwy
e (wy =1, we = —1,b=—1) at lower bound and satisfies (/) — (iv)
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wy < —1
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subjectto  yn(W'Xp+ b) > 1forall n
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optimal (b,w) = ? optimal u < QP(Q,p.A,c)
. 1oy T . 1,7
T,L? sw'w min - 3u Qu+p'u
subjectto  yn(w'xn+b)>1,| subjectto alu> cn.
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objective function: u= [ w l ‘= | 0, 1.
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constraints:  aj =y,[1 x} lic,=1;M=N
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Linear Hard-Margin SVM Algorithm
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e l ,2 ] +~ QP(Q,p,A,c)

@ return b & w as gswu
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minimize constraint
regularization E ww<C
SVM w'w | E, =0 [and more]
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Ap: like PLA = shatter ‘general’ 3 inputs
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dvc(A,) when X" = unit circle in R?

» p=0: just perceptrons (dyc = 3)

* p> l@: cannot shatter any 3 inputs
(dve < 3)
—some inputs must be of distance < /3
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generally, when X’ in radius-R hyperball:
HE

dyc(A,) < min (—d) +1<  d+1

e
dyc(perceptrons)
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