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PCA( )UFisher Discriminant
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k(x,y) = (k(-, x), k(, y)) = (D(x), D(y))




B Linear
k(x,y) = (x,y)

m Polynomial
k(x,y) = ((x,y) + 1)

m Gaussian
k(x, y) = exp(A2=l
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Toy example"
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Toy example2
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m MINIST 60,000
10,000
Method Parameter Error rate [ %]
KSP - Gauss. kernel o="17 2.25
SKSP - Gauss. kernel o =7,n = 5000 1.79
KPCA - Gauss. kernel o = 10, rank = 500 2.32
SVM - Poly. kernel d=4, C =10 1.49
JO00o0oOogn
0000 O0o0od [spogbno s]
KSP 3.2 x 107 2.9
KPCA 15x10° | 1.6x107!
SVM 2.8 x10° 5.8 x 1072
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m G. Ritsch*
mi3
N 100 20

* http://ida.first.fraunhofer.de/projects/bench/benchmarks.htm
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dataset SKSP KSP AB Reg SVM KFD
Banana 104 +0.5 {104 +0.5 | 10.9+04| 11.5+0.7|10.8 = 0.5
Breast-cancer | 26.0+4.6| 29.7 +4.5| 265+ 4.5 26.0+4.7 |24.5 +4.6
Diabetis 230+1.6 | 245+1.9| 238+1.8| 23.5+1.7|23.2+1.6
Flare-solar 372+45| 391 +24| 342 +2.2|324+1.8 |33.2+1.7
German 234 +2.1 | 31.3+25|247+24| 23.6 +2.1|23.7+2.2
Heart 158+3.1|154+33 | 16.5+3.5| 16.0 = 3.3|16.1 + 3.4
Image 28+04| 29+05] 2.7+£0.6 | 3.0+0.6 4.8 +0.6
Ringnorm 18.0+23|199+18| /6=+0.1| 1.7+01| 1.5+0.1
Splice 11.2+0.7| 12.6 0.7 95+0.7 | 10.9+0.7 | 10.5 + 0.6
Thyroid 40+23 | 4223 | 46+2.2| 48+2.2| 42+2.1
Titanic 204 +103| 283+94 226+1.2 (224 +1.0 |23.3+2.1
Twonorm 24+01 | 23+0.1 27+02| 3.0+0.2| 2.6+0.2
Waveform 96+04 | 112+06| 9808 | 99+04| 99+04
# of Red 5 3 2 2 2
# of Blue 4 1 3 2 4

Red: 100, Blue: 20 [
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1 KSP : Tikhonov [ [
1 KPCA : TSVD (Truncated Singular Value Decomposition)
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OKSP 1000
OSKSP: OO0 ddoo 100
OSVM 20 0 0

OKSP, SKSP: oo ono -0
OSVM 200000
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SVM : U U0 OOOOO OO

KSP, SKSP : []
SVM : x
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KSP SVM
O00000 || Error[%] | Time | Error[%]| Time |# of SV
90 (0.3%) 2221 60 221 1200 3739
180 (0.6 %) 235 60 2.85 40 4965
270 (0.9%) 225 60 391 700 6067

m KSP : Gaussian kernel — o =7
B SVM : Polynomial kernel -d = 4, C = 10



