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Vapnik [10]
1960
1 (Structural Risk Minimization)
\C (VC Dimension)
2 1 (Optimal Separating Hyperplane)
(Convex Hull)
3 (Kernel Function)
211 (Structural Risk Minimization)
(Empirical Risk) (Confidence Interval)
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Vapnik
£ X y
(1y.).....0Kyf) G RNX{£1}
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(Mapping) x , « >f(xa) a
a
a (Weight) (Threshola)
R(a)=C-ly- f{x,a\dP(x.y) (1)
R(a) 121y- f(x,a) 0 1

Remp(a ) = (2)



Renp(c) 2 {3} Reny(a)

0< <1

h(iog'2 ' +1-log r

R()enn()#0 = "7 @
h \C (Vapnik Chervonenkis
Dimension) (Risk bound)
Pxy)
h
s
VC h h

) \C () 3 [



2112 \VC(VC Dimension)

\VC (ool
\C
2
fixa) G {11} Vx,a
2f {f(a)}
(Shattered)
| 3
2T =
L5180 K A
3 3 R 12
v {f(a)}
{f(a)} \C h
h
1 m R
m (Oriented
Hyperplane)
\C R
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(RBF-Radial Basis Function) \VC
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kan, (a)+ta
() (Structural Risk Minimization)
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\C
2.12 (Optimal Separating Hyperplane)
(Learning Algorithm)
(Hyperplane)
©)
(X+b=0 GRy, GR (5
fod = sign((w.x) + ) (©)

w-x.1- b -1
w-x.)- b 1

w{x,-x.)) 2

W
(fiwy - &-=%1)
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4 y( X+ )>1
L ,a)=z . Lo ( xib)yi- ) (7
d ,
a,>0
00 a°
0N =0 a°0, i=1..i ©
0=la ™, a>0i=1 ( 9 )
X
0
0= [( 0.(L)Hw0X*(-1)] (10)
X4(1) ' 1 x4
-1

f(X) = Slgn(fﬁﬂﬂl\ﬂi(rv i(xi*X) + bO) vi=yf* |

(B 0<akC

2.13 (Feature spaces and kernels)



Input space Feature space

T
5

(Feature Space, P

O(x) = (x2V2xX2 X2

O:Rn-*F

kxy) = (DY)

kixy) = (xy)d
®
=2 .yGR
((xvxd). (yly2)2

((X,2,V2 x,x2,x2) . (y,2,V2 y,y2L y2?))

(0x).0(y))

12

(14)
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214 ()

—y

f(x) = sig (Z9p0, Vet <k(x,x,) + 0, V, =y,all

V QP
2 EaQiOﬂ -Ea
O<a<c
Zy,akx= 0
yiy Kix 14 NXN
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(15)

(16)

7

(18)
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Platt

(Node)

(Root)

N(-1)2

4

(DAGSWM) [1]

1-v-1

(Directed Acyclic Graph = DAG)

Platt

(edge)

14



1-v-r (1 class)
1-v-r (N classes)

1-V-1 (N classes)

cmyY

cNmy

2y"'cN2'ymy

I 202 ACM

1
1

—
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4 lest points on this
side of hyperplane
cannol be in class 1

1vs4 SVM

lest points on this
side of hyperplane
cannot be in class 4

0

M) i< 6

(Lis)

N1

[7]

(y~2)

cm2
Ncm2

2cm2
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y €2 1V

2 1-v-r V1

Platt KV,
(Max Wins) 1V
USPS Cl Letter ‘2

Number of Training
Kernel Number of Kernel CPU Time
Chosen T c Errors Evaluations (sec)
USPS
1-v-r Gaussian 3.58 100 92/2007 2,994 3,968
Max Wins Gaussian 5.06 100 91/2007 1,887 326
DAGSVM Gaussian 5.06 100 88/2007 828 326
UCI Letter
1-v-r Gaussian 0.447 100 86/4000 8,254 3,775
Max Wins Gaussian 0.632 100 96/4000 7,320 744
DAGSVM Gaussian 0.447 10 90/4000 3,844 1,738

Platt
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2 5
3 1V 1
(Multi-Layer Perceptron)

16 (FL-F16)
(Outside)

12,384

3,09

5%

12

1-v-r

17

9

12
2 8 (M-
2 (Inside)
3,09
6,192
5
6

72

8%
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