RBF with K centers

N parameters wq, -+ ,wy based on IV data points

Use K < N centers: pq,---, g Instead of xi,--- ,Xpn

K
h(x) = > we exp (=[x — )
k=1

1. How to choose the centers pu;.

2. How to choose the weights wy,
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Choosing the centers

Minimize the distance between X, and the closest center ;. : | K-means clustering

Split x1,---,Xy into clusters Sy,--- , Sk

K
Minimize Z Z HXn—Nk:HQ

Unsupervised learning ©

NP-hard x
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An iterative algorithm

K
Lloyd’s algorithm: lteratively minimize S: S: HXn—IJk:HQ w.rt. g, Sk
k=1 XnESk
1
XnESE

Si— {xn 1 |xn — il < all ||x, — pell}

Convergence —— local minimum
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1. Get the data points
2. Only the inputsl

3. Initialize the centers
4. lterate

5. These are your s
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Lloyd's algorithm in action
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Centers versus support vectors

support vectors RBF centers

+ ® + ¥
+ + + Eé
+ +
+ . u +
+ + ® + ® +
+ + + +
+ +
+ ® + +
+ + @ +
+ LR - LR ®
+ * + + ® + * + +
+ + 4T 1 o+ L ® L+ +
+ + + + + + + +
+ + + +
+ N * + o
+ ® +
+ + +
e T Lo+
+ + +
®
®
+ + ®
# # +
+ +
®
®

© @ Creator: Yaser Abu-Mostafa - LFD Lecture 16 13/20



©

Choosing the weights

K
Zwk exp (—7 %, — NkH2> ~ Yn N equations in K< N unknowns
k=1

2
exp(—7 x1 = )
eXp(—W HXz — MH )

| 2
exp(— |lxn — p1]|%)

if ®'® is invertible

2
exp(—7 ||x1 — uKHQ)
exp(—7 ||x2 — pk|")

| 2
exp(—7 ||xny — x|
<)

w=(0T®) oy

2

pseudo-inverse

Y1
Y2
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