






K Rd Rd R

xi i n xj j n , K K xi , xj xi . xj
i, j n x n

Rd H K
H

S n
i xi xi xi T

λ j e j
λ j e j Se j n

i xi xi T e j n
i < e j , xi > xi K n n

ki j < xi , xj > a j a j , a j , . . . a jn
λj
λ j a j Ka j



λ j a j Ka j a j j , , . . . , n
x Rd j- < e j , x >

n
i a ji< xi , x > n

i a ji k x, xi

n
O n O ln ,

n
K



xi , xj i, j , , . . . , n n
d xj ,

xj .
kl l

kl xi , xj ql xi ql xj pl xi , xj x Rd , pl xi , xj
ql . ql xi al n

m almkl xi , alm
kl xi , xj αlm ql Kla .

ql ql x ql x , . . . , ql xn T Kl n n

Kl

⎛
⎜⎜⎝

kl x , al kl x , a
kl x , al kl x , a

kl xn , al kl xn , a

⎞
⎟⎟⎠ .

kl pl Kl Pl
Kl as Kl ql xi ql xj pl xi , xj n n

Ql , ql x , ql x , . . . , ql xn T Kl Ql Pl QT
l

J
J tr l Sbl / l Swl Sbl

Swl
n

n
Pl

Pl
P l P l

P l P l
,

P l , P l , P l , P l Pl n n , n n
n n , n n

J l al aTl Mlal / aTl Nlal Ml KT
l Bl Kl , Nl

KT
l WlKl

Wl diag P l , P l P l / n

P l / n
Bl

P l / n

P l / n
Pl / n.

J l al N i
a l J l al

Mlal λl Nlal

λl
λl

Nl Ml

J l al



ql Ql Kl
kl

a l

ξ

ξ
r

J ar / J ar ,

J al a T
l Ml al / a

T
l Nl al

J al a T
l Mlal / a

T
l Nlal

ξ λ / λ λ

r λ r
ξ

ξ λ / λ r f

r f a a λ / λ ,

a

λ a
a



P r f

r f η

Pl Ql

r f

ξ r f
r f

r f
Ql diag al

Kl Ql Pl Ql
T



r f η

al P Q

Kn
l Ql Pl Q

T
l .

a a

n
r f n



Ks
com (ρ), ρ

Ks
com ρ ρl Ql Pl Q

T
l ρl Ql Pl QT

l

Ks
com ρ

/ s

ρ Kl Ks
com ρ

Ks
com ρ

kernel
a lignment ρ ρl , ρl

k k

A k , k K , K F / K F K F ,

K K k
k K F K , K F K F K , K F K , K F

K K K yyT Ks
com



y

A Ks
com, yy

T Ks
com, yy

T
F Ks

com, K
s
com F yyT , yyT F yT Ks

comy n Ks
com, K

s
com F

Ks
com ρ ρl Ql Pl Q

T
l ρl Ql Pl QT

l ρ
Ks
com ρ yyT

ρ ρ A Ks
com, yy

T

ρ

⎛
⎝

l

ρl Kl , yy
T n

l

ρl Kl ,
l

ρl Kl

⎞
⎠

ρ

⎛
⎝

l

ρlul n
l ,l

ρl ρl vl l

⎞
⎠

ρ
ρT Uρ n ρT Vρ ,

ul Kl , yyT , vl l Kl , Kl ,Ul l ul ul Vl l vl vl , ρ ρl , ρl
J ρ ρT U ρ ρT Vρ ρ

U ρ δVρ,

δ
ρ

δ Ks
com ρ

ρ U ρ δVρ

Kcom ρ
Kcom ρ , Kcom ρ , Kcom ρ Kcom ρ

Kcom

Kcom

Ks
gr oup

Ks
gr oup

Ks
gr oup



Ks
gr oup ρgr oup

Dg

g

ρg Ks
com g ,

Ks
gr oup

Dg Ks
gr oup Dg

Ks
group

Ks
gr oup ρ d

Ks
gr oup

ρg
δ

ρgr oup

Dg

g

δgρg

Dg

g

δg,

dg g

dg





λ = 107, d 3.334 10 4, Offset 0 λ = 3.93, σ 0.7

λ = 31.6, d 2.223 10 4, Offset 0 λ = 2.41, d 5, Offset 0.1

λ = 96.7, d 1.0 10 7 , Offset 0 λ = 5.59, d 1, Offset 0.1

λ = 105, d 1.112 10 4 , Offset 0 λ = 9.21, d 3

λ = 328, d 3.334 10 4 , Offset 0 λ = 4.44, σ 0.1

λ = 80.1, d 2.223 10 4, Offset 0 λ = 9.82, σ 0.8

λ = 38.3, d 2.223 10 4, Offset 0 λ = 17.1, d 5

λ = 127, d 5.556 10 4, Offset 0 λ = 8.31, σ 0.1

λ = 35.9, d 1.112 10 4, Offset 0 λ = 20.5, σ 0.9

λ = 18.6, d 1.112 10 4, Offset 0 λ = 2.28, d 3

λ = 52, d 2.223 10 4, Offset 0 λ = 2.53, σ 0.1

λ = 88.9, d 4.445 10 4, Offset 0 λ = 14.8, σ 0.6

λ = 40.8, d 2.223 10 4, Offset 0 λ = 1.78, σ 0.1

λ = 29.6, d 1, Offset 0.1 λ = 6.3, d 0.000001 offset 0

λ = 280, d 3.334 10 4, Offset 0 λ = 11.0, σ 0.7

λ = 48.1, d 3.334 10 4, Offset 0 λ = 1.82, σ 0.1

λ = 89.0, d 3.334 10 4 , Offset 0 λ = 1.28, d 7, Offset 0.1

λ = 179, d 2.223 10 4, Offset 0 λ = 1.38, σ 0.1

λ = 46.2, d 3.334 10 4, Offset 0 λ = 1.35, σ 0.1

λ



ρ

ρ ρ K-NN(k)
Sigmoid and Gauss 0.73 0.27 1 98.00
Sigmoid and Poly 0.27 0.73 8 90.00
Sigmoid and Poly 0.68 0.32 7 86.27
Sigmoid and Linea r 0.94 0.06 3 94.23
Sigmoid and Gauss 0.30 0.70 1 92.16
Sigmoid and Gauss 0.72 0.28 1 97.78
Sigmoid and Linea r 0.27 0.73 3 90.20
Sigmoid and Gauss 0.31 0.69 1 96.00
Sigmoid and Gauss 0.65 0.35 1 92.16
Sigmoid and Linea r 0.27 0.73 1 92.00
Sigmoid and Gauss 0.28 0.72 1 98.04
Sigmoid and Gauss 0.24 0.76 3 94.12
Sigmoid and Gauss 0.27 0.73 3 92.16
Sigmoid and Poly 0.43 0.57 5 90.38
Sigmoid and Gauss 0.73 0.27 1 95.35
Sigmoid and Gauss 0.27 0.73 1 97.96
Sigmoid and Poly 0.31 0.69 1 91.84
Sigmoid and Gauss 0.74 0.26 1 94.00
Sigmoid and Gauss 0.27 0.73 4 90.91

λ < λ < λ < λ < λ < λ < λ < λ < λ < λ < λ < λ
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d 6.67 10 4

Offset 0.
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σ 0.4
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Sigmoid
d 8.89 10 4

Offset 0.
ρ1 1.00

Gauss
σ 0.2
ρ2 0.12 100.00

Sigmoid
d 7.78 10 4

Offset 0.
ρ1 0.95

Gauss
σ 0.3
ρ2 0.05 97.94

Sigmoid and
Poly

Sigmoid
d 3.34 10 4

Offset 0.
ρ1 0.71

Linea r
d 3, Offset

0.1
ρ2 0.20

95.33

Sigmoid and
Linea r

S igmoid
d 3.34 10 4

Offset 0.
ρ1 1.00

Linea r
d 13

ρ2 0.12 97.35

k
k







Number of itera tions given 2,500 90.00
Number of itera tions given 1,500 82.11

Gauss kernel, Gaussian width 0.001, sla ck 0.1 87.37
Incorrectly a ssigned samples a t a node 10% 96.32

=

91.8

95.0

95.0

93.4

94.6

97.6
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