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000000.000,70000000000000000
RBFOOOO0O000O0O00000O0O00O0O0O0O0O00O0O0O0O00000000O
(0,]]0000 ||x—x/|?00000mO000O000000000000000

H(x,x') = exp(— | jx = ¥|[2 (2.6)

oobooooboooooooooobboobooooDbo KSMuoooooooo
oboboooo.

23 0O0O0oOn

23.1 0J00bOOobOOoOoOoOobooboood

ub,gbgbogbooboboobobo,boobobuooboboboooobob
ugd. obog,oobbooobobuooobbuooobbooooboboooooo
000000000000 0DbOo00O. OObOoOobDoUobOOoOoboOobooO PCAD
g,bogogbooboobooobboooboobg,boob,obboboboobo
gbobooooboobgoobooooboboooobo. booo,0b0obooobobo
gbobooboobbooboobbooboon.
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Oo0o0ooooO0ooooO,0oo000ooo0oooooOo pCAODOODOO
O,00000000000 PCAOODOOOO. ODDOOO,02202000000
o00d0OPCAOODOODOOODOODOODOODOODO PCAODDOODODODOOD
000 10000000000000000. D00 PCAODO,O22() 0000
gbobooboobooooobooboobobo,bobooobooobobobobo
uobobooboil1ooobooooobboooboo. boooob,bboo0bboo
ubobodooboooooooboo. bg,oboo1ooooooooboobooaa,
20000000000Db00bO0ObD,,20b0000000DO00D0O0DO0ODODO
goooboboboooogboboooobooboboooboobobobooono
u. gobbbdooooboobooooobbbooa. go,buooooobo, o
22(b) 0000000 COOOOOOCOOOOO.O0,000000,000000O
O0o00o0o0o0O00OO0O0O0O0O00O0O0D0O0OO (ODO)0DO0O0O0U0OOoOoooooOO-d
gb1oo00booboobooboo.bo20bboobooboobooboa,
gboobgooooboobooboooboboobobooboboboboob. oboo,bo
OpPCAOOCOCOOOOOOOOOOPCAOOOOOOODO,ODDOOOO0O000O0O
gbooooboobooobboobooooo.

SEERRALE#E I LYk TE BERER/IMEEEICKYRE
%2 | Pi X2 | .
‘ N
EHENT—4 HSR
O':ZX./‘
[RRBEERY BEHL-EOR
O ;1 0 _ x"l
(2) [RRFBEIGL ®)

022 (000 PCAODODOOOODO (b)DODODOOODODOOPCAOOODOOOO

00000 MOOOODOOnOmOOOOOOOO,00043¢=1,..,n)00
oobooooox(y=1,.,M)00000,000000000,00000 0
00000000000 g (k=1,..,r,) 000000000 OO0OOOOOOCOO

uo.

1
X1 Z xjx;rgoik = Nigpy, for i=1,...n, k=1,..m (2.7)

‘ Z’ JjeEX;
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000,X;0000:000000000x,000000,|X;/0000¢0000
000000, M;00 ¢, 00000000000. 00,0000 Mgt > ... > Ay,
gooooooooog.

ubo,bo00oobooboo0000bb0o0boboo0. obobooooboaoboo
0,000000000000a(r,)00000O.

Z;Z:1 >\ij

- x 100 (O ) (2.8)
j=1 )‘ij

a(r;) =
O00a(r)0,0000,00000O0C00O0OOOOOOOOOODOOOOOO,
odobodoooooooodoooooooooo. oooooouooooooao
k0000,a(r,—1)<k<a(r) 000000 ,0000000000000.00O
O, 0ottt oouood kboouoooao
gooob.ogooo,0bbddoooon skggoooobo,bogooooo
oodoood. boboooooooogo 250000000,

0000000000000 KPCAOODOO KSMOOOOOODODOOOOOOO
ogooo.

232 0ODO00OOO0OOO0OOOOODOODOOOD

gbobooboboobobooboboobooa,obooobooooboooooo
OO0 KpPCAOODD. OOO KpCAODOO,00O00DDOODOO,0000DO
goboobooboobbooboon.

000000000 00D0D0D g(x)000x0/00000000000. 000
0,00040000000000000 000 @up(k=1,..,r)0000000
i00000000000000000000000000.

1 T .
i 'Z‘g(xj)g (%) P = Aikpg for i=1,...n, k=1,..m (2.9)
JjEXi
000,0000000000 M >...>),0000000000,0 (28000
0,000:000000000~00000.

000000,g(x;)000000000000,0 (2900000000000
O00.000,0000000000000,0000003%3)0000. 000
000000000000000000000000000000000. 0000
000000000000000000000000000000000000. O
0000,023000000000000000000000000000000
oooooooo.
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&R ZE e BARTHZER
| RTTE . — IR T — A

‘ ;ki*!& :I _;k/l_:EJ=

\4

— R IL

023 0000000000

xj(j=1,..,M)0000,MxMOO00000 H ={H(xj,x)} (G, k=1,.... M)
00000000000000.000,H0,00000000000000.

H=USU" (2.10)

ooo,v000boo0o0 Fogooooooooooooooo,gooogoo
OO000oOoO0.00 SOo00oooooo.

01 0

On x (M —N) (2.11)

Om—N)xN O(M—N)x(M-N)

o0o0,NOHOOOOODOOODOOO,e(>0)000,;00000000000
goboooooon.

NOOUOOooooooooo MxNOOO P,o; 00000000 NxNDO
00000 AQDQODO,O (210)00000000DODOOOOOOODOO.

H = PAPT (2.12)
NODODOOOOOOOOOODO h(x)0O0DODOO0OD000000000.

h(x) = A~V2PT (H(x1,X), ..., H(xr, X)) (2.13)
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000000000000 h(x)DOOOOODO0OOOO0O0O0O000DD gx)O
O000000000O0. 0000 0 (2900000000 ODOOOOOOOOO.

1
| X

> h(x)h" (x))ei, = i (2.14)
i€X;

0 (29000000000 RBFOOOOOOODOOOOOOOOOOOO, O
(214)000000O,0000,NOO00OO.00O0,0 (213)0000000O0O0O
0000000O00o0oo,NOOOOODOOOOoOoOoOoOOoOo (213)0o0000O
ooooo.

h(x) = (H (X, ,X), ..., H(Xpy, %)) " (2.15)

000,x,, 000000000000000000, ;0000000000000
ooo.gobooo Jooogooboooooboooooobooooobooooo
O00000000000000O000000O0O0. O (21500000 (214900
gbooboa,bgb<-.00bbo0bobbooboboboabooboo.boobonog
0 (213) 000000000000, 0000000. 0000,00000000
goboobooooboobobooob.boobboooboobobooobooboo
g40000000000D0.

gbboobogboobbooboobod

o000 A00DOOO0OO00OOOO00DOO0OODObO,0DOb000bbOOoOnD A0O
000000000000000000000000. 0000,A=LLT000O0
ooooo.oob,cooooooooobooooog.

l11 0
L=| : - (2.16)
Ivr - lum

b0 rLoobobobobobobobob

i—1

li =y Ais— Y1, (2.17)
n=1
j—1

lij = (Aij - lenlm> Jljj  for i=1,.,M (2.18)
n=1

0000000 AD,0000000DOOCOOO0O0O0OOoDODOOOOOOd
uboooo.boobboobooaooboobogpooboa,bo

i—1
Ay — Z 12, <n (2.19)
n=1
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ooa,
li=1,1ij=1;;=0  for j=1,..,M (2.20)

uoboboobboooobobooo«.0bbooobbooob,bbboooboboo
goobooboooooboo.

23.3 0O00OO0OO0ODO

gboobooboobboooboobboobooboboobobo. boobooboo
gooboooboooboooboobo,boooboooboooboooboo
gboboboobo.ooooooooooooooooooooon.

goboobooobOxobooo NOODOOOObOOooOooDOobo.obooooobo
0Oh(x) UOOD:00000000000000000O0OODOOOOOO.

wik(ixh(x))”
Z ¢ leal PG| (2:21)

000,w, 0000400000 kO0O0O0OOOOOOOOOOOOO.
oo,

(x) = (Lpzlh( )) (pr,lh( )) T
i = (HSOAH 2 Tl Hh(X)||2> (2.22)

00000.0000,0 (221)) 000000000000 OOOOOO.
Si(x) = wj fi(x) (2.23)

000, w; = (wi,..,w,,)T000. 0000, 8 (x)=8(x)0000000000
oooo.

00,00000000~,00000000000x0000000000000
0000000,000000000000000000000000000000.

234 U0000OOOOOODODOOO

KSMOO,0 (223) 0000000000 O00OO0. 000000000000
ooooodxd
arg max S5;(x) (2.24)

=1,
000000:00000.0000000000000000000 w;i(j=1,...,1)
do0odoooboOo,o0o0 KSMOOOoDoOoooooooboooo,oo0oa
(214)0000000O0OOOOOOOO.

00024000000 0000000000O0O0000O00O0. OODOOoOooOoooOoad
dood.ood 20000 2000000000001 0000000000O0O
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00000, ¢, e, 00000000 1,00020100000000000000
O.o00o0b,0bodboib«c00b0boooboboooboob,oboobonboo
gobooboob.ogoob,0b0100boobboobdd,0000 10
gobo0.0oobbo0oboonbobD, e, 0000000 DOODOO.

¥

4 class?2
S EFE

Y1

RI%EHEEKT S
CETHAZEIT.
class1

024 0000000000

KSMOOOOOOOOoOooooooo.

goboobood 1

Step1 00000D00O00000,0000000000~0x00000000
ooo.

Step 2 Step10000000000000000000000000000000
0o0o0000000000000.

Step 3 Step2000000000000000000000000O0D00O0
0000.00,0 (214) 000006 (i=1,.,n)0000000 ¢, 000
0X:0000.

Step4 Step 100000 xO000 Step 200000 A\ 0000,000i000
00000 00000,

Step5 0 (222)00 fi(x;)00000. (i=1,...,n,j=1,...,M)

Step 6 0000000000000 D00,0000000000 A\D0000,0
(223) 00000 S(x)0000.
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24 0000OOOOOOOO

24.1 OODOOOOSVM

0o00,0000000002000000000M00mO0000000%;(j=
1,.,M)000000000 1000000 y;=100002000000 y;=-1
0000000000000 00D0O00,000000000D0000D g(x)0O0O
[00000bOo00oOo0oboo.obooooobooobooOooo

Dix;) = wg(x;) + b (2:25)

ooobbooooo,wO!ODOOOOOOOOOOODOOOODODOOODOD
U1gooobo2000000000000

ng(xij{ =1 fory =1, (2.26)
< -1 for y;=-1
00000,0000000,
yi(whg(x;) +b)>1 for j=1,...M (2.27)
godbooodoooooonon
D(x)=wlg(x)+b=c for —1l<ec<l1 (2.28)

0000000O0O0o00bOoOoO000oDOoO0oO00obDOoo0ooooooooDooosSsvMm
gboob,0bobgobooooboobobobooboooooboboboboobo
O0000D(x)=100 D(x)=-10000000100000000000000
O00000D(x)=00 -1<e<1000000000O0DODOOOOOOOOOOO
000000000000000000000000000 D(x)=4+4100000
gboogoobooboobobooboobbbboooboobogxbo

{D(x)>0 — 0001 2.20)

D(x)<0 =— 0002

goboobobooobooboboooooboobboooboobogn 2680200 20
goobooobooOoooooobo svMOoooboooooooooboooooo
goooo.

24.2 OO0OO0OOOOSVM

oooooooooobosvMOOoOooOoOoOooooooobooboooooogooooo
goboobuoooboobooboobuooboobooboobooboobooboo
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D(X):O =
“ SWBTE
Xy
0 x,

025 0000000SVMOOOOO

O000o0obO0o0o0OO0OOo0obOOoO, 000000 0obDoooooboosvMoOoo
OoooO0ogo2602002000000000SVMO0000O0O0O0DOO SVM
goboooboooooooobooobooboboobobooooOooDbooDboOoooOg ¢
oo0o0. booooooooooosvMOOODO,DO001000D0ObDOOO
D(x)< 1,000 2000000000 D(x)>-1000000000000O0O
0O0000O00oOo0o0oOOo0o0booOooooOoooD. oo, SsvMOoOoooogoo
ooooooosvMOooooo,00svMOoon.

SVYMOOOOO0OOO0OD0000¢(>0)00 (227)0000000000,0 2.60
000000000000000000000000000000000,0000
ooooooO.

yi(whg(x;) +b)>1-¢& for j=1,..,.M (2.30)

go0o0oooooooooooooooooooooooodo< g <10000d
O0000000000000000000000000000000,¢ >100
goooboboboboooboboboooooboooooobobobooooo
gboogoboboobuoobboobooboobbooboobbooobooab

M

minimize Q(w) = _6(¢;) (2.31)

=1
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026 O00O0O0O0OOSYMOOOOO

godg

0(%) :{ bfor &>0, (2.32)
0 for =0

uoboooobooo,gbboobobuoobboooboboonoboooboog
gbobooboooboooboobooooobooooogn

1, ., Y
. . . p
minimize §HW” + p]z::lgj (2.33)
subjectto gy (wlg(x;)+b)>1-¢& for j=1,.,M (2.34)

0O00,CcO0D00000000000O00DOO00DOO0ODODOO0O0O0O0DOO0ODODOd
Oo0O00o0ooDoo0O0O0pbOOO0l100002000000p=10000 SVMO
L1-SVMOp=20000 SVMO L2-SsvMOOOOSvMOUOOOOoOoooooOoo
O00000000000000000000000000O0000DO0OOOO (2.33),
(23) 0000000000000 OOODOOOOOOOOOO

L1-svMOOO0O0O0O (233)00 (234) 0000000000000 OOOOOO
0 a=(ag,..,ay)T 00000000 «000000O0O0O0O0OOO

M M
. 1
maximize Qla) = E =5 E aiajyingT(xi)g(Xj) (2.35)
=1 ij=1

M
subject to Zyjoej =0, C>a; >0 for j=1,..,.M (2.36)
j=1
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00,L2-SVvM OO0, 0 (2.33)00 (234) 00000000000000000
0000 a=(a,...,an)T 00000000 «0000000000000

M M
- 1 9ij
maximize Qla) = E a =5 E aiajyiyj(gT(xi)g(Xj) + ﬁ) (2.37)
i=1 ij=1

M
subject to Zyjajzo, C>a; >0 for j=1,..,.M (2.38)
j=1
00,000000000000b0000oooooooooooooooog.
M
D(x;) =Y yicug" (x;)g(x;) + b (2.39)
i=1

oo0o Li-SsvMOOQOOoOooOoOOoOooDOoOOoOoooOoOo.ooooOo,00d o000
oooo,/goobgbooobdbwbhobooooooboobobooooobobo
gobooobbooobobooo. obooob,0booobbooobboo
obooboooboooooooooooooooooooooon.
gooDoooooOosvMbOoooooobooooo.

243 U000O0OOOOOOLDOOOO

OO0 SvMOO,20000000000000000O0DOOCO,00D0O0CO
Oooooooooooooboooo Ls-svMooooooo. Ls-svMooooo
ubooboog,ooboboooboboooboobooboboooobooboooobooboog. oo
O0oooooOooooOoOoO0 (LSs-SVM) DO0OO0OO0OO0OO0OOoO0oOoOoOoOooooooo
gboogoobooboobboob.

1 . C&,
minimize SWw + 5 ; &; (2.40)
subject to yi(whg(x;) +b)=1-¢ for j=1,..,M (2.41)

oooooLs-SsvMOoooopDoooo L2-svMOoooooooooooo,0oo
ooosvMODOOOOOODOODO0OOOOOODOOOOOOOOOoooooOoo
gboooooobogoboboboboboooooobgobobobobooooono
O00ooo0ooo0oOoooosvMooooooooogooooooooooooo
LS-svMOOOO0OO0OO0O0O0000oooooooosvMOooooo (2.40), (241)0
oooddoiod ;udooooooooddoooooooooddon

Q(w,b, a E)—lew—i—g%fz
» Uy ) *2 2j:1j

M
=Y oy {y (wWhg(x)) +b) — 1+ &} (2.42)
=1
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0000o0oooooo,o (242)0000 0000000000 ODODODOOOOO
00000 (242)0 whbDaD O ODODDODOODOODOOOOODODODOODDOOOOODOO
gobooboooooboobooon

W= % ; y; 8(%) (2.43)
; =

Zaj y; =0 (2.44)
Za:jlz ¢ (2.45)
vi(w'g(x;) +b) —1+& =0 (2.46)

0000 KKT (Karush Kuhn Tucker) 000 00. O (243)—-(2.46) 0000000

Dooood.
Q 1
Y11 = (2.47)
yt 0 b 0
0oo0d
5ij
Qj = wiy; Hxisx)) + 2 (2.48)
1 i=j
5 = red (2.49)
0 i#j
Y=, ym)’ (2.50)
1=(1,..,1)7T (2.51)
Oo0.0000,
b= (yToly)lyTo ™ (2.52)

O000,0000000 (247 00000000000000 «0ODOO0O.
a=Q 11— yb) (2.53)

oooLs-svMODODOOOOooOO100000O0oDOOOoOoOooooobOoooDboo
gopooo.

O000000,00000L1-SVM, L2-SvMOOO00O (2.39) 00000 LS-SVM
gobooobooooboobooooobooon.

244 0O00O0OOOOODOOOOO

OO0000oDooOogoLsS-SsvMOOOoOO 200000000000000000
oooooooooooooooooooLwe-svMOOoOoooog.
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SVMOOOO0O00000 (233)00 L2000 |w|3 =w? +w3 +---+w?, O L1
000 |wly = |wi| +|we| +- +|w, 00000000000, LP-SVMOODOO
00000, LP-sVMOOODOOO,

I M

minimize Q(w,&) = Z lw;| + CZQ (2.54)
=1 =1

subject to yi(wigxi)+b)>1-¢& for i=1,....M (2.55)

D0000000,0000000 1000000, 000,!0000000. O
(2.54), 0 (255) 00000000000, 0000D0DO00DODOOOO. OOO
w >0, w; >0,b">0,b">000000 wy=w —w;, b=>b"—-b-0000

0000,000 wh, wy, b5, b=, ¢000000000000000.
l M
minimize Qwr,w,bt,b7,8) =) (wf +w;)+C> & (2.56)
i=1 i=1
subject to yi(wlig(x) +bT —b7)+&>1 for i=1,...,M (2.57)
ooo,0000002+M+20,00000MO000A0.
I I A T A

M
D(x;) = Z aigT(xi)g(xj) +b (2.58)
i=1

oooo,Lp-SVMOOOOODOOOOODOOOOOODOOOODOOODOOD.

24.5 SvMUOOOOOOODOOOO

000 SvMO 2000000000000000000000.DDDDODDO,O
ooboooooooboobo soobbooboooooboo,0b00obosvMOoD
oopbooooooooooboo. svMoooobooooooooboooooboo
O00000000.00000000000,(1) 00000, (2)0o0000oooo 2
goooobooboooo.

googn

O000O0n(pn>2)0000000000000000000O SVMOOOO
0.00,000000000000x;0000000y; 01000,0000
00000000000 -1000.002000000000000000000
O000000,00040000000000w,;,000006000.000,0
000000000000 0000000,000000-00000000000
oo.

Di(x) = w)lg(x) +b; (2.59)

7
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000 SVMOO Di(x)>0000000:0000, Di(x)<0000000 40
000000000, D(x)=000000000000000.000000,00
000o00000000000000.

0000,02703000000000000000000SVMO00000O0
000.00000000000000000000000000000000,20
00000000000000000000000. 000,0000000000
00 Dy(x)>0000000i02000000,000100000000000
0.0000,00000000000000000000000000.000,0
0000000000000000,00 x0

arg ‘max D;(x) (2.60)

i=1,...,n

ubooobgo:0b000b. oboo,ooboobobooboooobobooono
goobooobo.oogog,b 2700, 00gbogoooooooooogonog
U,0bobobobobgobobobobo.

027 0D0O000C0O0O0OOSVMOOODOOO

gboboooo

000000000 SVMOO, 0000000000 Di(x)00000000
00000000, 000000000000000000000. 000000
00000000000000,0000000000000000000000
00000000000 SVMODOOOO 30000000000 x,00000
D, (x;)00000000000000 Di(x;)(i#y) 0000000000000
00.00,000000000000000000w;(i=1,..,n)0000000
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&j(i=1,.,n,j=1,.,M)000000000000000,000000000
ooooooo.

1 C n M
minimize Z [w]|? + > Z Z & (2.61)
i=1 i=1 y; 71,
j=1
subject to (wy, — w;) g(x;) + by, —bi > 1—¢&;
for y;#4,j=1,..,.M,i=1,...,n (2.62)

ubooog,oobobooobobooobboobbobooobooboooobbono. o
gbo,g0oboobboobdoob,goobooboboooboon.

25 0O0O0OOO

000000000, 000000000000000000000000000
0.00,000000000000000000000000,000000000
0000000000000000000000000000000. 000000
00000000000000000000000. 00000000000000
00000000000000000000000000O0O00o0ooooooooo
Jd00d0000000000000o0000O0000oooOooooooooo
000000000. 000000000000000, 000000000000
J00000000000000000O0O0O000000O0O0oOoOoOooooooon
000000000000000000000000000000000000004
0000000000000 kO0ooooo3ooo.
k=5000,0000,00000000000000000000000000
2800000000000000000.00,0000000000000000
00050000.00000050000000040000000000000
0,001000000000000000000,050000000000000
0000.000,00000000000000000000000000000
000000000. 0000000000000000000000000, 00
000000000000 00000.000,00000000000000000
000000000000000000000000000000,0000000
00000000000. 0000000000000000, 000000000
ooooooooooo.
000000000000000000 10000000 50000000000
0.0000,00000000000000000,00000000000000
D0000000000000000000000000O0O00O00ooooooo
0000000000o0oo0oo0oo0o0o0o0o00.
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|X1|XZ|X3 4 X<|
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ﬂ ﬂ FRAMZBTHRHEERDD
BHEER RHER,

028 J0O0O0OO0DOODO

26 00O

goog,0obogbooobooboobbooboobobooboooboo,0oobo
goboooboooooooooooboOoooooDbbOOooboOooDOoOoDoO svMOo
O000000O. 00oo00oopooooo PCAODO KPCAODODODOOOOO
gobooboooob,gbbboooobbboo,0oooobobooooobboo
gboooooboboooobob. ooboobo,booboboobooobobo
oooooooo. svMboooooooooooooobooobooooboo
ooboooobooOoooooooooOooboOoooOooo. svMOoooog Li-Svy,
L2-SVM, LS-SVM, LP-SVM DO 4000000000, 0000000000000
000D000O00DO0o00OOo0DOOo0bOOoUooOOo. oosvMoooooooooo
gbobooooobgooboooobobobooobo. boo,b0boooobobo
oooooooooooooooo k-bOo0ooboobboooooo.

uboo,0booboobgooooooobooboooboobooooboon.
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3 0

oo odboodbootdood

3.1 00U

0000039 000000000000 (KSM: Kernel Subspace Method)'3: 14)
0000000000000000 (SVM: Support Vector Machine)> %7 0000
00000000 Y®000000000000000000. 0000000, O
0000000000000000000000,000000000000000
000000000000000000. 0000,00000000000000
O00000000000000000000000000000. 00,SVMOO
O0000000000,200000000000000000000000.

oo, bbb obobooooooooboboooood
O0DOO0O0obOOoOosvMOOooOoOoooooooo KSMOOoooooooooa
0000 SVM (SS-SVM: Subspace-Based Support Vector Machine)?> 24 000 O
O.00,KSMOOU0OO0OO000O0000O0O0 (KPCA: Kernel Principal Component
Analysis)'> ') 0000000000000 0000, 0000000000000
000Oo000bO000oObOOoobObOoOoboobO. oooboooo svMoooooao
gooo, 00000 oooboooooboooooogo
0oooooooooo. ooooobooooooooooooooooooooaa
000, KSMOD000000D0O0D0O00D0O000. 0000000004d Sss-svMm
0000000000000 000D0ODD00000O000oO00oooooooooon
00000000 (LS-SVM: Least Squares Support Vector Machine)” 2V, 00 0
gooooooooooooooob,goobooooooooooooooooao
000000 (LP-SVM: Linear Programming Support Vector Machine)” 22) 00
0000000000000 000000 200000000000 (L2-SVM: L2
Support Vector Machine)” 1% 0)goooo.

3.2 UUOOOOoOoOooooobod

goobobobgoobogo,b0obobobooboboboboooobobooboboo
go,b0b0bobobobobo.oboo,0310b00boooboobobgDo
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ogboooooboboooboobobooobobo.obo,200200000000
goboooobo,o0booobDi100boobboobog. ¢, e 0000000
gogboboooboboooooboboo. obbooobbooobbooo,obog
gbobogoobooooooobobob,0bobobooooboobobobobo
gooobob.bgbooogobobbo1gbooobogoboboo,0310000
gbbooboobooboooa,ggboooobobooboooooo. boobg,bd
uobooooboo,ooboooobooobooooboooobooobooooobooo
gbooogboboobooboobooboobob.goo,b 3200000000000
gbobobobooooboooobobo,boboooooobobobobo
obooooboobob. ooboo,b0010b0oboobo0oboboob 200
gbooboobobooooobooobobo,bobobooobo0o 20b00bD0DO
gbobog,boobbooboobbooboooboboon.

F—nN—3v7
X2 ?,

031 000000oooooooon
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032 000000

3.3 Ubbobudoouobobbuooooobouada

0O000O0oooooosvMOO0OoOOoOoo0O LS-svMOoooooooooooono
LS-SVM (SSLS-SVM: Subspace-Based Least Squares Support Vector Machine) O
gooooo.

MOOO0OO00O0O00000 {(x,41),.... xa,y)}000,n00000000. O
00,x0 00000 mO00000000,00000000, ¢ €{1,..,n}00
0.000((223)0 fi(x;) 000000000+0000000000000000
ooooo.

D;(x) = Si(x) for i=1,..,n (3.1)

oo, g0oudooboooobbooooonoooooooobooooooooo
goooooooooooooboooooooooooooo.

D, (x;) > Dj(x;) for i#yji=1,..,nj=1..,M (3.2)

00000,00000000000000000000000000000000
00000,000000000000. 0000, Dy(x)=Di(x)0000000
0000000000,000000 Dy,(x;)-Di(x;)=100000000000.
000 £,(x;) 00000000000 |Dy,(x;) — Di(x;)|/|w,,|| 00000000,

ugboodeO
1

= Tl (3.3)

Oy;
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goboooboodgd.

ooo,SS-svMO00000000000000000000D0O00DOoo0ooOd
g200000000000.

3.3.1 0OUO0OOOOOOOOO0O SSLS-SVM

oOooOSSs-svMOOoOoooooooooDoooo SSLs-svMooooooo. oo
0oo000x;(j=1,.,M)0000,0 (32)00000000000000¢,;00
gbobooboobobooobooboooobg.

Dyj(xj) - Di(Xj) =1- gji for ¢ 75 yj,’i = 1, ...,n,j = 1, ,M (34)

0o000,0000 (3.1)000000,00000000000.

n
minimize Z [wi|* + Z Z X 2 (3.5)
i=1 i=1 y;#i, ‘ Yj

j=1

subject to ngfyj (x) — wi fi(x;) =1 — &

N)\H

for i#y;,i=1,..,nj=1..,M (3.6)

000 M/(n|X,,[)DD0000000D000000000O0OODOOO0OO0000
OO0. KSMOO,0000000000oog,SssLs-svMooooooooo, o
gboogoboboobooboboobooboo,obooobooon.

gd,goobboboooobobuoooobo,oobbboooobboooobon
oooooooo. oo, Ls-svMooooooobooobooboobooooo
googooobo. bg,oboobboobbooboooboobbooboon,
i<0O0O0O0O00oOo0O,0000000000000000000O00O000. 00
oo,0b0b00boboouoooobooobooboOob Ls-svMOogoo, SSLS-SVM
gbobogobobuodobbooboobobooboooboobboobooooa. g
00 SSLS-SsvMOUOoooooooooooo. o (3500 B6)00o00og,d
gobooooboog.

Q(w) = Z [lwil|* + Z Z |X (1= (wy £, (x5) —wifi(x;))*  (3.7)
i=1 y; ;ﬁlz Yi

00,000000000 8370 w,0000o0000,0000

0Q(wi) _

8Wi

MC m + Z ’ij T(XJ) (38)

u] #1



030 OD0oooooooooboobooboooooo 29

M
(XJ)}Wz
Jj=1,
yj=i
Mo Mo
- fi(x;) £, (x;) p W (n—1) fi(x;)
]-:Zl, |1 X, 0 e ; |1 X,
yj#i yj=i
Mo
+Z fi(x;) =0 for 1#y;,i=1
i=1, |ij|
yjF~i
ooo.odo
1 S|
A; = £l -1 f;(x;) !
i MC L, + Z |Xy ‘ fi(x;) f; (x5) + (n )]:Zl ‘ij‘ (x5) £ (x5)
yﬁéz yj:;
for i=1,...,n (3.9)
Mo
Biy, = — Z ﬁfi(xj) fyq;(xj) for i#yj,i=1,...,n (3.10)
-
M M 1
a =(n—1) Z fi(x;) — Z fi(x;) fori=1,...,n (3.11)
j=1 ‘Xy| j=1 ’ij|
yj=i yj7#i
oo0dooooooooooooooooooon.
-1
Ay Bia -+ Biy
B :
w=| 2 ' a (3.12)
By - - A,

gbbod,bbuoobbuobbooobooobooobbooobboobobg
ogoo.

00000000000 000 (RBF: Radial Basis Function) D0 OO0OO000O0O.
oogoog,SssLSs-svMoOooooooo~DhOO0O0xk0O000O0DOOOOCOODO
gobooobdoo. bogobooobboobboobobooo. booboobdg
ODOoO0O0OSsSLs-svMOoOoooooooooooooooog.

gobooog 2

Stepl O00O0O0O0O0OOOOOO0O,v, sk CODOOOOOO.

Step2 Stepl00000~O000O0O0O0O0OOO0DOODOOOOOOODOODO
gboobobobobo.
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Step 3 Step2000000000000000000000000000000
0000.00,0 (214000004 (i=1,.,n)0000000 ¢, 000
0,000,

Step4 Step3000000000000000000000000D00D0O. O
0000000000000 Stepl 00000 «x00000000000000
0000000.00000000000000000000004@G=1,...,n)
000000000000,00000000.

Step 5 0 (2.22) 00 fi(xj) (i=1,...,n,j=1,...,M)00000.
Step 6 0 (3.12)000000w; (i=1,...,n)000.

O0000000,000000000000000,000000 2% rx>tr
uobobooooboodg. ggbbo,buooobbuooobooobboooboboo
uboboboobooboboooooobooboboboooobobooboooboobo. o
go,0000b00b0obobobobobobooboboboboobooboooboooon
0000000000000 00000D0O00DOO00. 0O0,00000 SSLS-SVM
(O)0O0D0.000S8SSLS-SVM (O)ooooooo.

3.3.2 0OODOODOOOOOO SSLS-SVM

0000 SSLS-SVMOOOOO000000000000000000000 SSLS-
SVM (0)0000.

0000000,000000000000000000000000000000
00000000000.0000,0000000000000000 SSLS-SVM
0000000000000.000,0000000000,0(3.1)0000,00
000000000 KO000000000000.

Di(X)ZSi(X)-i-bi (3.13)
DD,Dy].(Xj):Di(Xj)(i#yj)DDDDDDDDDDDDDDDDD.D[l[l fyj(xj)
gooooooogogo ’Dy].(xj)’/HwyjHDDDDDDDD,DDDD cOO0O00O0O
000000 3.3)000oo00o0o0. oobooo0o0ob0 x;(j=1,..M)0000,
O00000¢,000000000.

5 . 1—Di(Xj) if yj:z'

! 1+ Dy(x;) ify; £
oooo,000¢(=1,...,n,)0000 SSLS-SVM (O) 00000000000
ggag.

(3.14)

cM
c. 3.15
o (3.15)

1 M
minimize  Q(w,b,§) = §||W1H2 + Z
j=1
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subject to Zj(WZ-Tfi(Xj) + bz) =1- gij for j=1,....M (316)

000,70y =¢0001000,y;#4:¢000 -1000.
O00,00000000000000DOOO0O0O0O0O0O0O, O (31500 (3.16) 0
ubbooboogboooboog.

Qb = Hwil2 3 “CM (0wl + 00 (37)
19 M1 *2 7 j:12n|ij| J i F1\) 7 .

000o0oooooo 8MHow,0p000000000,0000.0000

8Q(Wiabi)
I w; Yw; 3.18
Mo
X | Z Copwi = 2 i) =0
= = _j—l 7
0Q(wi,b;) <
—7ﬁ——_ é; =0 (3.19)
000.000
Q; = - I, + Z ! XJ)fT (x5) % (Xj>§[: ! fT(XJ) (3.20)
CM ‘XZJ‘ : ZJ‘ j:1 ’XZJ’
Mo
!
%:;hXﬁﬁ@) (3.21)
000000,000000000000000000
w; = Q; 'al (3.22)
T M 1
bi = —w; Tfi(xj) (3.23)

j=1 ’ Zj’

rixr; 000000000, 000000000¢0 Z?T?DDD.DD,DDDDDD
ooooo ( ?eri):}DDDDD,DDDDDDDDDDDDDDDDDDDDDD
OO0O0O0. SSLS-SVM (O) DooUooooooooooo.

gogbood 3

Stepl 000000000000, s CO0OO0O0DOOOOOO.

Step2 Stepl000000C00D0OO0O0O0O00OOCOOOOOOOOCOOOODOODO
gboboooboooboooob.s=1000.

Step3 Step20 000000000000 0O0OO0OOOO0COOOOOOOOODO
0000.00,0(214)00000¢0000000 ¢,;,0000 M\pODODO.
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Step4 Step300000000000000O0O0O0O0OOOOOOO. OOOO
OO00DO0O0O0DOO SteplO0DDO00O0 k00000 DOOOODOOODOOO
gbooob.obooboooobooboboobobog.000booon
gooboo,bob0 n0bogon.

Step5 0000000000D00000 (222) 00 fi(x;)(=1,...,M)000
oo.

Step 6 [0 (3.22), (3.23)0 0000000 w; 000000 K00000000.

Step7 O0i#4n000,i=i+1000,Step3000.i=n000,0000
ooo.

34 UU0U0Ooboboooobboooooobooaa

gooo,ss-svMOOoooosvMoOooooooo Lp-SvMOOOOOOOOOO
000 LP-SVM (SSLP-SVM: Subspace-Based Linear Programming Support Vector
Machine) 00O OOO0O.

34.1 0OO0OOOODODOOOO SSLP-SVM

SSLP-SVM O SSLS-SvMOOOO0OD0OOOO0OO0OO0O0DOOCOO0oOOoOooo 20000
00000, 000000000DO00Ob0OOSSLp-SsvMOOoOoOoooooo.

OO0 Lp-SVMOO,0000000O0COOSVMOOOOOO.DODOODOO
OO000,00000000000 SSLS-SsvMOODOOO SSLp-svMOOOOODO
OO000o0oOooogoo. SSLp-SsVvMOOOOOOOOOOODO.

n Tk
minimize Q(wT,w™,b", b7, &) => " "(wj + wy, +§:§: < @1329
i=1 k=1 J=1 v, ’ Yi
=1

subject to W;ijyj (x5) + b+ by, — wifi(x;) — b +b;7 > 1 ¢,
fori#y;, i=1,..,n, j=1,..,. M (3.25)

sz' >0 for ¢ 75 Yj, 1= 1,...,n, _] = 1, ,M (326)

0000000000 C000C00000000,00000000000000,00
000000000, 000000000000 uj; (i=1,...,n,i#yj, j=1,.., M)
00000. 0000,0 (3.24)—(326)00000000000000,00000
oooooo.

minimize Q(w',w~,bT, b7, £ u) = sz (wif, + wi +Z Z ——&;; (3.27)

i=1 k=1 j=174 y] y
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subject to ngfyj (x5) + b;j —b,, — wfi(x;) — b +bi7 =1 —&;i +uji

for i#y;,i=1,...,n7j=1,....M (3.28)

i >0 fori#y;,i=1,...,n, j=1,.,M (3.29)

O00u=(..,u;...)"000.000000000,0000000000000
00000,00000000,000000000000000000000000
000,00000 S0, 2r+(n—1)M+200000,0000000 (n—1)M O
ooo.

00000000000,00 wy=0000,0000000000000000
0000000.0000, fx(x)00000000000000000000. 00
0 fw(x)0 fi(x)0 kODDO0DO0O0O00. 000, LP-SVMOO0000000000
oooooo.

SSLS-SVMOOOOD,00000000000000000000,00000
00000000000000000000000000. 0000,000000
000 x0xk=99.0%000000. 00000000000 SSLP-SVMOOOO
00000000000000.

gboooog 4

Stepl «=99.9%00000,000000000000+, CO00O0O0O.

Step2 Step 1000000000, 00000000C00000DO0O0OOCODODO
gbobobobobo.

Step3 Step200000000000000000000O0OOOOOOOOO
0000. 00,0 (214) 000004 (i=1,...,n) 0000000 ;00
00 A 000.

Step 4 Step300000000000000O000O0O0O0OO0OOODOOOO.O
O00O0O0O0O0O0O0OD0ODODOD Step1l 00000 xkO00000000OODOODOODO
0000000.0000000000000O00D0000000d(G=1,...,n)
uboboobuoobboo,bob s0oboon.

Step 5 0 (2.22)00 fi(x;) (i=1,...,n,j=1,...,M) 00000

Step 6 O (3.27)(3.29) 00000000, wy, b; (i=1,..,n) 000,
2000000000,00000000000000000000000000
0000,00000 (0000)-(000000)00000000000000,0

goooooobo.oooo,obobobobobobobobobobo.bo,o
uoboboooboboooboboooobbooob. bbo,goooboboaoboobooo
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00,0000000000000000000000000.00,0000000
000 SSLP-SVM O SSLP-SVM (0) 000 .
3.42 0000000000 SSLP-SVM

SLP-SVM (0) 000000000000,

Tk M CM

minimize Q(wt,w,b" b~ ¢) = Z(w;,; +wy,) + Z ——&ji (3.30)
k=1 j=1 n ’ij’

subject to  y;(wlfi(xj) +b;) >1—&;,  fori=1,..n, j=1,..,M (3.31)

£ >0 fori=1,..,n, j=1,..,.M (3.32)

ubog,b0boobooboobobooobobobooboboooo,bobooobo
goooooo.

+ + Sy - CM
minimize Qw",w ,b". b £ u) = kz::l(wik + wy,) +jz::1 mﬁﬂ (3.33)
subject to yi(wifi(xj) +b;) =1—&;+uji, fori=1,..,n, j=1,..,M (3.34)
;>0 fori=1,...,n, j=1,..M (3.35)

ooo,00o00b 2n+M420000,0000000MO000. 000000
gbobodbo,boobbuoobobooobooobooobooobooboooobooo
gboboooooobobo,oobobobooooboboobooo.oobo, oo,
goooooool1obobobobo,obobobobobgoboobg.

000 SSLP-SVM (O) 00OO0Oooooooooo.

goooog s

Stepl £=99.9%00000,000000000000+~, CO00O00O0O.

Step2 Step 100000 0000,0000000000C0000D00D00OO
gboboboobobo.:=100000.

Step3 Step20000000000D0000COO0OOOO0OOOOOODOOODOO
O0000.00,0((214)00000:0000000 ¢, 0000 MNgOODO.

Step 4 Step300000000000000O000O0O0O0OO0OOODOOOO.O
0000000000000 Step 100000 k00000 OODOOOODOO
goooboobo.oobobooooboobobooboboos000b0
ubboobuodgd,bod s oboon.
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Step 5 0 (2.22)00 fi(x;) (j=1,...,M)00000.
Step 6 [0 (3.33)-(3.35) 00000000000 w; 00,500000.
Step7 i#n000,i=i+100,Step3000.i=n0000000000.

3.5 000000000 L200000000D0DO

SSLS-SvMOOODOOO000D0OO0DO0000bO0oO0oooobooonoooboaoog
0odoooooboooobooobooooooobooooooooooboooooa
0o0ooooooobooboooboooddoooooooooooboboboo. oo
oo, oo ooooboooooooouoonoa
SSLS-SvMOOOO0O0OO00DOO0DoO0o0DOOooo0bOonooooooooooooaa
gooooooooooooboooobooooboooboooooo. ogoo, o
0o0o0o0oooooooobooooooooobooboooooooooooooa
0000000 L2-SVM (SSL2-SVM: Subspace-Based L2 Support Vector Machine)
do0ooboOooosSLe-svMOOooooooboooooooooboooooooo
goooodooooooooboooooooooodoooooooooooon
0o0ooooooo. oo oooobooooooooooooooao
SSL2-SsvMOOOOO0O. 000d0ooodooodoo,0g0oooooooon
O000,00000 KKT (Karush Kuhn Tucker) 00 0000000000000
gooooooooooooobooog.

3.5,1 0OO0O0OOOOOOOOO SSL2-SVM

Oooooobooooo SSsLa-svMOonooooooooooobboooooo.

1 n M C
minimize Q(w,€) = 3 Z [wl|” + Z Z 5 ?Z (3.36)
i=1 i=1 yj#i,
j=1
subject to ng £, (x;) — wfi(x;) >1— ¢ (3.37)

for i#y;,i=1,..,n,j=1..M

O00,SsLs-svMiOoo0oooodooooooooooooooooooo ¢&;
OO000OO00DoOogo. 0og SSL2-svMOO, SSLS-SsvMOoOOooO,dooooo
gooooooboooboboobobobobobobobobobobob. o
od,0uboodood e dobodgoodooogoodooog.

minimize Q(w,&) = 5 > [wi|* + > D ]2@ (3.38)
i=1 i#yj, j=1
i=1
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n M
- Z Zaij(ngfyj(xj) —w; fi(x;) — 1+ &)
2y, j=1
=1

£i>0, ;5 >0 for i#yji=1,..,n,j=1,..,M (3.39)

00000000 (339 0w, &, 00000,00000,00000000. 00
ooo,0bo0bobobobobob.

n
wi= > agfi(x) = Y aifi(x)) (3.40)
k#i, jES, JES;,
k=1 y;=i y;j#i
o
&Gi= (3.41)

ooo, s;0D(x)00fdobo00ooo0o0ooooooooooooo. 0O, ™
00:;00000000000000 |S/00000. 000,KKTODODOOOoOO
goog.

aij{wy £y, (%)) — Wi fi(x;) =1+ &} = 0fori #yj, i=1,.,n,5 =1,.., M (3.42)

0 (3.40), (3.41) 00 (3.42) 0000000000 g (i=1,.ym, j=1,..., M, i #
y;)0000000000. 00000, 000000000000000, 000
7,18 000000000000000 o, 0000,

-1
A1 Bia e B,
o1 BT A t. .
o= : = '12 2 ' ' 1 (3.43)
o : B T B(n—l)n
" BT ... BT A
1In (n—1)n n

000, 1=(1,..0)7 o = (aigﬂ,...,aigi‘sil)T, A ={A,} (i=1,..,n, k=
1, |SZD, Bij = {Bijkl} (Z =1,.,n, j=i+1,...n k=1,.., |SZ’, l=1,.., |SJD O
oag,

A, = fiT (s )i (s, ) + fyTSik (Xsik)fySik (%) + % for ys,, = Ys,, (3.44)
1/ o .
; fiT (X535 )fi (Xs,,) otherwise
fyTsm (Xsik)fysik (Xsﬂ) for Ysip, = ijz ;é 'L,j
_fyTslk (Xsik)fysik (XS]'Z) fOI‘ ysik = i,j, ijl 7é Z;]
Biju = (3.45)
—fyTSjl (XSik)fys]'l (Xsﬂ) for ys,x # 4,7, Ys;, = 4,7
— (£ (x5, (xs,,) + ij(Xsik)fj(xsﬂ)) otherwise
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0000.000,s;(Gi=1,.,n,j=1,.,|5) 00000000 ;000000
ooooooo.

00000000000 S000000,000000000.00000000
000,00000000000000000.000000,000SVMO000
000000000000000000,SSL2-SvMO000000000000. O
000,0000000000000000000000000000000.

gobooboooobon

00,000000,000000000000000000000000000,
0000000000000000 W;G=1,.,n)0000.00,00000000
00000000 FO00C0.000,0000000000000000000,0
(343) 0000000, 05 (i=1,...,n,j € W) OO0, w; (i = 1,...,n) 00 (3.40) O
000000.000,w;(i=1,..,n)00 (223)0000000000000000
00.00,00000000 W;00 x;j(y; #4) 00, Dy,(xj)—Di(x;) >10000
00000000,00KG=1,.,n)000.0000 K00 Dy,(xj)—Di(x;) <1
000000000 x,(y; #4) 0000000000000,00p000000
00000000. 000000000000000 W, 0000000000000
O0000.0000,000000000000000000000000000

000000000 SSL2-SVMOOO0000000000000.

gbooodge

Stepl 000000000000,y & COO000000.

Step2 Stepl00000~O000O0O0O0OOO0ODOODOOCOOOOODOODOO
uboboobooooog.

Step3 Step 2000000000000000000000000000000
0000.00,0 (214)000004(i=1,.,n) 0000000 ¢, 000
0 M\ 00D,

Step4 Step300000000000000000000000000000. O
0000000000000 Stepl1 00000 x00000000000000
00D0000D0.00000000000000000000004@G=1,...,n)
000000000000,000 00000,

Step 5 0 (2.22) 00 fi(x;) (i=1,...,n,j=1,...,M)00000.

Step 6 0000000000000 p00000,00000000 W;(i=1,..,n)
0000000,000000000F(i=1,.,,)00000000
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Step7 0 (343) 00000000 o;000,0 (3.40) 00 w; (i=1,...,n) 00
oo.

Step8 00000000 W,;000 ; <0000000000000000 F,
000,00 F,O0D00000000000,y,D(x;)<1000000000
00 p0000 W;0000.:000000000000000000000
000000 Step8000,00000000000

000000,L2-SVMO0000000000000000000000,00
00000000000000000. 000000,00000000000040,
S8 xS, |8|0000000000,000000000000000000
0000000000000000000. 000000000000000000
000000000000000000000000000000000 L2000
0000000000000. 00000 SSL2-SVM (0)000. 000 SSL2-SVM
(0)0DoOooooo.

3.5.2 OODOODOOOOOO SSL2-SVM

0000000 (223) 0000000 L2-SVvMOOOOOOOOOOOOODOO
goooog.

1, 0 O,
minimize Q(w,b,§) = §||WZH + 2; Ji (3.46)
subject to  y;(wifi(x;) +b;) > 1 — & for j=1,...M (3.47)

00000000000 ;0000000 (346), (3470000000000
oo.

M
0.
> g (£166)80x) + 2 )(3.48)

M
.. 1
maximize Q(oay) = E o + 7
J=1 J, k=1

M

subject to Z yja; =0 (3.49)
j=1

a;;j >0 for i=1,..,n,j=1,...M (3.50)

00000,0000000040000000 w;0O
M

W; = Zajyjfi(xj) (351)
j=1

oogd.
Ls-svMOOOO, L2-svMOOoooooooooosvooooo,ooooon
goooooobooOoooOooboo.obbo«bOoooboooosvooo s, oo
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00000000000,000008Vv000000000000;0;=s(ses)
000, ag ={aij|j#sj€S}0000,0 (349) 00 (348) 00000000
oooooo.

1
max  Q(asy) = CsTvasv - ia;FUstasv (3.52)

Qg > 0 (3.53)

000, s Koo = {Ksuy; |1,§ #5,4,j €8} 0000000000.

Cop =1—ysy; for i#s, 1€8y (3.54)
Koy = yiy; (£ (xi) — fixs) (£ (x5) — fexs) + T] (3.55)
for i,j#s, i,j€5Sk (3.56)

ooo0,0 (357 0000000DOODOOO.

W; = Z aijyjfi(xj) (357)
JES;

O (3.52)D|:||:| a, 0000000000000, e, UOOODOOOOONO.
asv:Ks_vlcsv (3.58)

000,SvO00000000000O000ooO0ooooo,O (3.53) 0000000
O.000O0SsvoOooooo,0boo0obo0ooogooodbooooboooooo
O000oO00.000+00000000 (0OO0)0O0O 357)00D0O0O0OOODOOO
ooo.

Di =Y ajyifi(x)fi(x) + bi (3.59)
JES;

000000 S;0000000000000O0,00 S, 0000000 (3.58) 00
O00:0000000000D000SvOoUooooooUooooooo. O (3.59)
oooooo s;gosvogugo,ogooobooooooog s;oboooooo
oo.0o0booooooooo0ooobo,0ooo0ooo s;ooosvoooooooo.
uboo,b0o00boobobobobobo,obg«:00boooooooobobobooonod
goobo.bobobbod0n000b0obo0b0. 000bo,00bobo0obo
gboobooobooooooboooooooooooooobooooooo.
SSL2-SVM (O) D0 0ooooooooooo.

googogr

Stepl O000O000O000O000,v,  CO0000O00.i=1000.
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Step2 Step 1000000000000 OO0ODOODOOCOOOOODOODO
goobooooboooon.

Step 3 Step200000000000000000 (215 0000,00000
0000000 h(x) 00000,

Step4 0 (214)00000i0000000 ¢;,0 A\ 0000

Step 5 Step400000000000000O0O00O0O0O0OO0OOODOOOO.O
0000000000000 SteplO0000kODODOOOCOOOOOOOO
ubogogbo. gboboooboooobobooboboooboo.0oaon
uboboooboogd,bod s 0oboon.

Step 6 0 (2.22) 00 x;(j=1,.,M)00000.

Step7 UU0O0OUO0O0OOOOODLOUOD pOODOD,ODO00DOO0O0O0W,DOO,
gboobobobo /0000.

Step 8 0 (3.52)00000000w, 000000 00000000.

Step 9 00O W;000 o <0O0000000D0O0O00O0O0O0 /000,00 F
0000000000 (389) 000, y;D(x;) <100000000000p
0000 W, 0000.0000000,Stepl0000,000 Step8000.

Step 10 OO0 :#n000,¢=¢+1000 Step2000.¢=n000,0000
ogoo.

3.6 UJUoong

00D00,000000000000%2300000S8s-svMO00oooooon
KSMOOOOOOOOOO KSMOOODO SS-SvMOOOOO00O00000000
0000000000000000000000000000. 000, SSLS-SVM
SSLP-SVM, SSL2-SVM OO 00000000000 000000000. 00,0
00000000000000000000000000000000000000
00. 0000000000,000000000000000000000000
00000000,0000000000000000000. 00000 SS-SVM
000000000000000,0000000000000000000. 00
0000 SVMOOOOO0OO0O0O000,00000000000000000000
0000.000,000000000,SsVMO0000 sSsS-svMOO000ooooag.
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3.6.1 0U00O0OO0OOOOO0OO0OO
oo0o0o0o0Od

000000000000 00000000000000 OSOWindows 7 (32bit),
CPUO Intel (R) Core (TM) i5 3.33GHz, 0 0 0 02.00GBOODO.

gboooooooooooobooboobgooon

goboooobo,bodbboobboobboobboobbo 2000000
gbobobobobooooobooboboo.bo31b200000000000o0o
oog,d3200b00b0o0boobooobooobog. 03.1,320000 Data
ooooooon, Inputs00D00, Training DO O OO000O, Test DODODOOODO
O,Sets0000000O00O0O,0320 ClassesOOOOOOOO.

031 2000000000000000
Data Inputs Training Test Sets

Banana 2 400 4900 100
B. cancer 9 200 7 100
Diabetes 8 468 300 100

German 20 700 300 100

Heart 13 170 100 100
Image 18 1300 1010 20
Ringnorm 20 400 7000 100
F. solar 9 666 400 100
Splice 60 1000 2175 20

Thyroid 5 140 75 100

Titanic 3 150 2051 100
Twonorm 20 400 7000 100
Waveform 21 400 4600 100

032 0000ogoogoooooon

Data Inputs Classes Trn  Tst

Iris 4 3 75 75

Numeral 12 10 810 820
Blood cell 13 12 3097 3100
Hiragana-50 50 39 4610 4610
Hiragana-105 105 38 8375 8356

Hiragana-13 13 38 8375 8356
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3.6.2 KSMOOOUOODOODOO

0330000 KSMOOOOOOODOOOOOOO0O0O00OO ~ 000000 &0
r = {80, 85,90,95,99,99.9}, v = {0.01,0.05,0.1,0.5, 1, 1.5, 3, 5, 10, 15, 20, 30, 50, 100,
200,500,103} 000 000000000000000.0000000000000
000 KSMOKSM (1), 000000000000 KSMO KSM (E)y0D00.

033 KSM (1) O KSM(E)00Oooooooono
KSM (1) KSM (E)
Data K y K 0%
Banana 999 15 | 999 15
B. cancer 99.9 0.5 85
Diabetes 999 3 80 5

German 85 3 85 10
Heart 95 1.5 | 80 3
Image 99 15 1999 15

Ringnorm 99.9 0.1 |999 15

F. solar 80 5 95 10
Splice 99 1 99 15

Thyroid 85 15 80 15

Titanic 80 0.1 | 95 5

Twonorm 80 0.1 80

Waveform 80 1.5 80 5
Iris 85 30 80 100
Numeral 95 10 | 99  10°
Blood cell 95 10 | 99 103
Hiragana-50 95 200 | 90 500
Hiragana-105 | 80 500 | 99.9 103
Hiragana-13 95 103 | 80 500

3.6.3 SSLS-SVMUOOUOOKSMUOOODOO
gogoooon

SSLS-SVM O KSMOODOOOOO, KSMOODOODODODOOO0O000 00
0000000 «0000,00000000000000, SSLS-SVMOO0O0O
000000000 CcO0000000000000000. 00000, SSLS-SVM
0D00000000000000000000. € = {107%4,5 x 1074,1073,5 x
1073,0.01,0.05,0.1,0.5, 1,5, 10,50, 100, 500, 103, 5 x 103,10%,5 x 10%, 10°} 0O OO
0000000000000 000. 0000 340 C, C,00000 KSM (1),
KSM (E) 0000000000000 00000DDDOO00000000000 4,
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ooo0obobO0 0000000000 DOO0DOOOOODOODObOObO 20000
gbooobobooboobooobobooboobbooboobooooog.

034 000000 (SSLS-SVM)

SSLS-SVM | SSLS-SVM (0O)
Data Cq Cs Ch Cy
Banana 50 50 1 1
B. cancer | 10 0.1 5 1
Diabetes | 103 1 50 0.5
German | 10% 0.5 100 500
Heart 10 0.1 500 0.5
Image 10° 103 500 103
Ringnorm | 10% 500 1 0.1
F. solar 104 500 1 10
Splice 10* 5x10% | 103 0.1
Thyroid | 500 500 5 5
Titanic 500 0.1 0.5 5
Twonorm | 50 10 1 0.1
Waveform | 50 5 x 103 1 0.1

KSM (1) 0000 (0000000000)

035020000000000000000000 KSM (1) 0 SSLS-SVM [
SSLS-SVM (0) 0000000000 500000000000000000000
0000000000 (%) 00000000.00,0000KSM(1)000000
000000« 000000000+ 00000000000000000000
0000 SSLS-SVM (1), SSLS-SVM (0,1) 00 0000. 00000000000,
000000000000000, SSLS-SVM (1), SSLS-SVM (0,1) 0000 KSM
() 0000000000 (%0000,

03500,SSLS-SVM (1) 0 7000000000000,KSM (1)00000
00000000000, 00 SSLS-SVM (0,1) 00000 KSM (1) 000 500
0D00000O0KSM (1) 000000000000000. 000, Ringnorm 00
00000000, SSLS-SVM, SSLS-SVM (0,1) 000000000 37 (%) 00
0000000000000, 000000000000000000. 00000
O, Splice 0000000000, SSLS-SVM (0,1) 00000000000000
0000000000000000. SSLS-SVM (1) O SSLS-SVM (0,1) 00000
0,Banana 0000000 SSLS-SVMOOOODODOOOO, SSLS-SVMOO0O0O0O
000000000000000000000000000. 000,000000
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gobodgbooooobooooobbo,obbobobooboobboon.

035 000000000000000000000O (0D)0OO0OO0O (SSLS-SVM

0OKSM (1) 000)
Data | KSM (1) | SSLS-SVM (1) | SSLS-SVM (0,1)

Banana 89.8 £3.1 89.7+3.1 *90.1 £ 3.2
B. cancer | 72.6 4.6 *74.4+4.3 *72.8+4.3
Diabetes | 73.5 + 2.6 *73.8+£2.8 72.7+£3.9
German | 73.9+3.0 72.6 +3.3 68.4 £+ 3.0

Heart 82.1£3.9 *83.2+4.4 81.7+5.4
Image 95.7+0.9 94.8 £1.0 93.7+1.2
Ringnorm | 52.8 +1.8 *QT.8 £1.7 *x89.9 £ 2.5
F. solar 65.2 £2.8 *66.1 4 3.5 62.6 £ 4.6
Splice 87.4+25 86.3 £ 2.1 57.2+2.2

Thyroid | 95.6 £2.5 *96.3 +2.4 %x96.2 = 2.0

Titanic 79.6 £ 7.8 79.0£7.5 76.0£5.9
Twonorm | 97.1+1.5 *OT.4+1.4 *97.3 £ 1.4
Waveform | 89.6 4 3.0 82.5 £+ 3.2 81.9+3.4

KSM (1) 0000 (D00000)

0360200000000000000000000000000000000
0000000000.00000000000,000000000000000
SSLS-SVM (1), SSLS-SVM (0,1) 0000 KSM (1) 0000000000 (*) 00
oo.
03.600,SSLS-SVM (1) 0 7000000000000, KSM (1) 00000
00000000000, 00 SSLS-SVM (0,1) 00000 KSM (1) 000 500
0000000 KSM (1) 000000000000000. 00, Ringnorm 000
0000000 SSLS-SVM (1), SSLS-SVM (0,1) 00 15 (%) 000000000
0D00000.00000 RingnormO0O0000000O LS-SVMOOOOOOO
00000000000000000000. 000000, German, Splice 100
00000000 SSLS-SVM (0,1) 0 KSM (1) 0000000000000000
0D000. 000,00000000000000000000000000000
0D0000000. 0000000, SSLS-SVM (1) O SSLS-SVM (0,1) 00000
000000,SSLS-SVMOOO0O0O0000000000000000000000
ooooooo.
03.5,36000000,00000000000000000000000000
0000000000000000,000000000000000000,000
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gbbooobbooobboo. goobobo,goobbooobbooooboobog
gbooobobooboooboobooobogaa.

O0,KSM (1) 0000000000000 00000o0ooooooooooo
O00.00000000«,000000000COOO0KSM (1)0000000O
o0o0oooOoOO0oO0ooOo0o0oOoOoOoOoO. obooo, SSLS-SVM, SSLS-SVM (0) OO
0000000 KSM (1) 00000ooooooooooooooooooood
gooboooo3e4dnonoonoboobooon.

036 00000000DO0O0OODODOOOOOOOO (0D)O0ODOOO (SSLS-SVM

0 KSM (1) 00D)
Data | KSM (1) | SSLS-SVM (1) | SSLS-SVM (O,1)

Banana 88.6 + 0.6 *88.9 + 0.6 *88.9 + 0.6
B. cancer | 75.0+4.3 73.8+4.6 72.24+4.6
Diabetes | 73.5 +1.8 72.4+2.2 72.5+1.9
German 75.1+22 74.0 £2.2 69.7 + 2.8

Heart 80.5 +3.3 *82.6 £3.9 *82.7 +£3.5

Image 96.3 £0.6 95.1+£0.6 945+ 0.5
Ringnorm | 76.6 + 11.2 *97.6 + 0.3 *91.5+0.8

F. solar 65.1 £ 1.8 *66.9 = 1.6 62.4 + 2.2

Splice 87.6 +0.8 86.2+ 1.0 57.4+1.8

Thyroid 95.6 + 2.1 *95.9 + 2.1 95.5+2.2

Titanic 76.6 + 1.2 *77.2+0.8 *76.9+0.9
Twonorm | 97.6 +0.1 *97.74+0.1 *97.7 4+ 0.1
Waveform | 88.5+ 0.6 81.2+0.9 81.7+£0.9

KSM (E) J00Q0OO0OO0OOO0oOopooooooo

037020000000000000000000 KSM (E) O SSLS-SVM O
SSLS-SVM (0) 00000000000000000000000000000 (%)
00000000.00000000000,000000000000000.00,
O0O0O0KSM (E) 000000000000« 000000000~00000
0000000000000000000 SSLS-SVM (E), SSLS-SVM (0,E) 00O
000.00000000000,000000000000000, SSLS-SVM (E),
SSLS-SVM (O,E) 0000 KSM (E) 0000000000 (*)0000.

0 3.700,SSLS-SVM (E)0 7000000000000 KSM (E) 00000
000000000000, 00,SSLS-SVM (E)00000 6000000000
000 KSM (E)00000000000000000. ImageD0D0000000
0 SSLS-SVM (E), SSLS-SVM (O,E) 000 KSM (E) 0000000000000
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0D00O0. 035,37000000, KSM (E)00 KSM (1), SSLS-SVM (1) OO
SSLS-SVM (E), SSLS-SVM (0,1) 00 SSLS-SVM (O,E) 000000000000
00.000,00000000000000000000000,00000000
oooooooo.

037 0000000000000000000000 (%) 00000 (SSLS-SVM
0 KSM (E) 000)

Data | KSM (E) | SSLS-SVM (E) | SSLS-SVM (O,E)
Banana 88.3 +2.9 *89.7+ 3.1 *90.1 £ 3.2
B. cancer | 75.7+3.5 75.1+£3.1 71.0£4.6
Diabetes | 73.8 £ 3.0 70.6 &+ 3.2 70.8 £3.0
German 71.6 £2.8 71.0 £ 2.7 71.0 £ 3.0
Heart 82.9+ 3.9 *84.34+4.7 82.5+4.3
Image 88.1+1.4 *04.941.2 x94.1 4+ 1.2
Ringnorm | 62.54+4.0 *63.2 1+ 3.3 *63.4 + 3.2
F. solar 64.4 4+ 3.7 *65.1+ 3.8 *65.1+3.7
Splice 72.0 £ 3.0 *72.1+3.1 *72.4+2.9
Thyroid 96.0 £ 2.7 95.3+2.5 96.0+24
Titanic 79.4+7.0 78.4 + 8.2 78.3 £8.1
Twonorm | 97.2+ 1.4 97.2+1.2 *97.3+£1.2
Waveform | 89.0 + 2.8 *89.8 + 2.2 84.2+£3.5

KSM (E) 00000000000)

g3si200dpbooobobobooboboobooooobbobobobon
000000000. 00000000000, KSM (E), SSLS-SVM (E), SSLS-SVM
(0F) 0000000000000 00000000. SSLS-SVM (E), SSLS-SVM
(0O,E) D000 KSM (E) 0000000000 (%0000,

SSLS-SVM (E) 0 9000000000000, KSM (E) 0000000000
0000000, SSLS-SVM (O,E) 0 8000000000000 KSM (E) 000
0000000000000 0. 00,Image0 000000000 SSLS-SVM (E),
SSLS-SVM (O,E) 00D KSM (E) 0000000000000 0D0000. 00,
SSLS-SVM (E), SSLS-SVM (O,E) D00 KSM (E) 00000000000000
oooooobooooooo,0ocogooobooooobooDobooOo. o000, KsM
(E)000,00000000 (k,y OOOODODODOOOOOOOOODOOOOOOO
0. 00, SSLS-SVM (E) O SSLS-SVM (O,E) O Waveform 0 00000, B. cancer
000000000000 000000000000000, 00 SSLS-SVM (E) O
gboooobodabooaoo.
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go,bbgoboobboobboobboobboobboobboobobg
gbooboobobbobobooboobooboooboooboooboboboboo

go.

038 000000O0OO0O0ODOOODDOO0OOOOOOD (D)ooooO (SSLS-SVM

0KSM (E)000)

Data

| KSM (E) | SSLS-SVM (E) | SSLS-SVM (O,E)

Banana
B. cancer
Diabetes

German

Heart
Image
Ringnorm
F. solar
Splice

Thyroid

Titanic
Twonorm

Waveform

87.8£0.6
75.1+4.4
71.7£2.3
73.6+2.1
82.44+3.6
88.1+1.0
64.1+2.4
63.5+4.0
71.8+1.5
95.1+2.4
77.3+£0.3
97.0£0.5
88.0+1.1

*88.9+0.6
71.2+4.5
71.1+£2.3
72.7+£2.4

*82.8+3.7

*95.4+40.6

*64.34+2.3

*65.1+£1.6

*72.1£1.6

*95.7+2.1
77.3£0.7

*97.4+0.2

*88.2+0.6

*88.9+0.6
69.3+4.8
71.1£2.2
73.1£2.1

*82.6+3.6

*95.14+0.6

*64.7+1.3

*65.5+1.8
72.3+14

*05.44+2.2

*77.4+0.7

*97.4+0.2
84.0+1.6

3.64 000O0ODOODOOOOOO SSLS-SvMOOO

000000, SSLS-SVM, SSLS-SVM (0) 000000000000 s, 000
0000000 KSM (1), KSM (E) 00000000000000000000,
SSLS-SVM, SSLS-SVM (0) 00 00000000000. 000,00000000
0000000000000000000000,00000KSMOOOO0OOO
000000000000000000. 0000000,00000000000

goog.

gooboooobboooobbuooobbooobbooo,o39booonbo
SSLS-SVM, SSLS-SVM (O) 00000000 00. 03900 3.3,3400000,
2000000000000 0O0DOOOODOODOOOODODbOODODODODOD
O00,00000 SSLS-SVM, SSLS-SVM (O) D0o0o0o0ooooooooooooo

ugbooobooboobooboooobg.
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039 000000 (DODOO0OO0DD0OO0O0O0ODOOO SSLS-SVM)
Data SSLS-SVM SSLS-SVM (O)

K 0% C K y C

Banana 99.9 15 50 99 15 1

B. cancer 99.9 05 10 | 999 0.5 5

Diabetes 95 3 10%]999 3 50
German 80 3 10" | 85 10 500
Heart 80 1 1 80 3 05
Image 99 15 10" | 999 15 10°
Ringnorm | 999 1 10*| 8 01 1
F. solar 80 5 10* | 95 5 5
Splice 99 1 10* | 99 5 500
Thyroid 8 15 500 | 90 10 5
Titanic 80 5 0.1 95 5 5

Twonorm 80 0.1 50 80 0.5 0.1
Waveform 80 3 10 | 85 5 50

Iris 80 50 1 80 50
Numeral 99.9 10 10% | 99 50 5
Blood cell | 999 20 500 | 99 500 5

Hiragana-50 | 99.9 15 100 | 95 100 50
Hiragana-105 | 99.9 10 100 | 99 50 10
Hiragana-13 | 99.9 30 10" | 99.9 500 10

03100000000000000000000000000.00000000
000,0000000000000000.00,00000000000,0000
00000000000, SSLS-SVM, SSLS-SVM (0) 0000 KSM (1) 00 KSM
(E)0000000000 (o000,

200000

2000000000, SSLS-SvMO 200 KSMOOOO 7oOoooOooDoOooO
00oo0o0oo0oooo0oooOo. 000, KSM (1) oooooooo 80, KSM
(E) 00000000 110000000000 0DOO0OO0OO0OOUOO. O
O Ringnorm OO O0O0O0O, F.solar 00000000000 OO0OODOO0OOODOO
ugbob.ooboobbooboobboobooobooooboooboboooo. oa,
SSLS-SVM (O) 0 200 KSMUOOOO 4000000000000000000OO
O000oo0. O00,KSM (1) D00ooOoOo0 60, KSMOE)OOOOoOoOO
Osiboobobooooouooboobboobboobobo0ouD. U0 Ringnorm 0O 0O
ugbboobuodgbobooooobboobuo. obbooboobbooboo
o000 Splicel0D0O0OO0OOOO0ODOOOOOODOODOOOODO.

036,3800000000000 2000000000 SSLS-SVM, SSLS-SVM
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(O)J0oo0U000OOOU000OOOO0. DOOUUO0DoOO, 000 KSMOOOO
SSLS-SVM, SSLS-SVM (O) 000000 oooooooo,0o0oooooooo
goboooooood.

gooooo

OOooOoOoooogo,SssLs-svMooooooooooooooooobooooo
ggbobooobooob,bbooobbooobbooobbooobD. obog
00,SSLS-SVM (O) 00, ris0 000000000000 0OO0O0KSMOOOOO
ggbobooobobda. goobboo,oobbuooobbooobboooboboo
ooooooo. booog, SSLs-svMoooo,booocobooobooogoon
gobooboobbooobooboon.

0310 000000000000000000 (%) 00000 (00000000
0000 SSLS-SVM)

Data | KSM (1) [ KSM (E) | SSLS-SVM | SSLS-SVM (O)
Banana 88.6+0.6 | 87.8+0.6 | *88.940.6 88.74+0.6
B. cancer 75.0+4.3 | 75.1+4.4 73.244.6 72.24+4.6
Diabetes 73.5+1.8 | 71.7+£2.3 72.0+2.3 71.7+£2.4
German 75.1+2.2 | 73.6+2.1 73.8+2.2 71.5+2.2

Heart 80.5+3.3 | 82.443.6 | *82.6+3.7 *82.6+3.5

Image 96.31+0.6 | 88.1£1.0 95.0+0.6 95.14+0.6
Ringnorm 76.6+0.6 64.1+2.4 *93.14+0.8 *91.84:0.8
F. solar 65.1+1.8 63.5+4.0 *66.91+1.6 *65.5+1.9

Splice 87.6+0.8 | 71.8+1.5 86.2+1.0 77.7+3.3
Thyroid 95.61+2.1 95.14+2.4 *95.94-2.1 95.542.2
Titanic 76.6+1.2 | 77.3£0.3 76.9+1.0 77.3+0.2
Twonorm 97.61+0.1 97.0+0.5 *97.7+0.1 *97.7+0.1
Waveform 88.51+0.6 88.0+1.1 *89.14+0.8 87.1+1.0

Iris 93.3 92.0 *96.0 *94.7
Numeral 99.0 99.0 *99.4 98.7
Blood cell 91.3 90.1 *92.9 90.9

Hiragana-50 95.3 95.1 *95.5 95.1

Hiragana-105 99.7 99.7 *99.9 99.7

Hiragana-13 98.4 98.3 *98.9 97.8
ooooooo

031100 KSM, O SSLS-SvMOOOOOO0O0O0000O00o0o000 (O SSLs-
SsvMOO)OOoooooooooooog.

2000000000,0000000000000 SSLS-SVM O SSLS-SVM (O)
gobooobobooobobooooboooboooboo. ogobbooobooooob
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gogboooobbooobboooboboooboo. oo, boobbooobog
Oo0DOo0oO0o0obD KSMOODOOOODODO.OoOODO,Image000noonOnQ
Splice 00O ODODOODODOOODOODOOOOOOODOONO SSLS-SVM O SSLS-SVM
(O)00U000O00U00O0D0. 000000000000 UO0O0DOoOOoUODOn
goboooob. obobooobo20b000b0b0oob0,0bobooobobo
gbboobooboboobobooboooboboon.
0000000000, Iis0 0000000000 SSLS-SVM (O) O SSLS-SVM
Obooo0ooodoogD. OO, Hiragana-1056 0 00O OO, Hiragana-13 00000
0000000000000 0000O00000O0O0OOO0OO1000(s)coOOO
uoboboooboodabo. bbog,oobbooobbooobboobobao
00000000000 SSLS-SVM (O)0oo0oouoooooooo. og,00o
000000000000 SSLS-SVMO OO SSLS-SVM (O) 000oooooond
o0ooo0oOooooooooOoOo KSMOOOOOOoOOOOoOooooDoOOoOOOoOoo
u.obog,bboobouoabboobdgobboobaoboog.

0 3.11 SSLS-SVMOOOOOOOO (s)

Data | KSM (1) [ KSM (E) [ SSLS-SVM [ SSLS-SVM (O)
Banana 0.62 0.59 0.91 0.71
B.cancer 0.10 0.09 0.10 0.12
Diabetes 1.12 1.10 1.12 1.31
German 3.13 3.61 4.11 5.01

Heart 0.07 0.06 0.07 0.10
Image 21.9 22.0 22.5 31.6
Ringnorm 0.72 0.62 1.06 0.84
F.solar 1.31 1.33 1.35 1.34
Splice 10.3 10.9 13.1 18.2
Thyroid 0.03 0.03 0.04 0.05
Titanic 0.01 0.02 0.02 0.04
Twonorm 0.71 0.72 0.70 0.82
Waveform 0.74 0.74 0.75 1.05

Tris 0.01 0.01 0.01 0.01
Numeral 43.8 42.9 44.7 44.2
Blood cell 262 273 319 268

Hiragana-50 921 891 1027 930
Hiragana-105 2562 2460 4676 2583
Hiragana-13 1985 1962 3440 2214
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3.6.5 SSLP-SVMOUOOOKSMOOOOD
gogoooon

000000 SSLp-SVMO KSMOOOODOOO,KSMOOOOOO000000OO
Oy0O00O0O00000xkO000O0,00000000C000000, SSLP-SVMO
ooooooooooboocobooboOooOoooooobpooo.oooog, SSLp-
SsvMOOOOOOOOoOoDOOOoOoOoobooooOoOo.ogooboboooooobooo
gboooboooboobooboob. 03120 2000000000000000
0000 SSLP-SVM, SSLP-SVM (O) D0 U0O0O0Ooooooooooo.

0312 000000 (SSLP-SVM)
SSLP-SVM | SSLP-SVM (0)

Data (& Cy Cy Cy
Banana ) b) b) 5
B.cancer 1 1 5
Diabetes 10 5 10
German 5 50 5 0.1
Heart 5 0.5 1 1
Image 100 50 100 100
Ringnorm | 103 1 5 100
F. solar 5 5 1 0.05
Splice 10 1 0.1 0.1
Thyroid 5 5 1
Titanic 5 0.1 | 1073
Twonorm | 10 5 0.05 0.1
Waveform | 50 1 1 100

KSM (1) 0000 (00D00000000)

03.13020000000000000000000 KSM (1)0 SSLP-SVM OO
000000000000O0O000O000000O0O (%) 00000000.000
00000000,000000000000000.00,0000KSM (1)00
0000000000« 000000000 0000000000000000
000000 SSLP-SVM (1), SSLP-SVM (0,1) 00 0000. 000000000
00,000000000000000, SSLP-SVM (1), SSLP-SVM (0,1) 0000
KSM (1) 0000000000 (f)0000.

03.1300,SSLP-SVM (1) 0 6000000000000 KSM (1) 00000
000000000000, SSLP-SVM (0,1) O KSM (1) 0000 B. cancer O O
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00000 Ringnorm 00 00000000000000000000O0O00. 00
0000,0000000000000KSM (1) 000000000000000
00000. 0000000 SSLP-SVM (0,1) 0 KSM (1) 00000000000
0000000000000000. 366000000000000000000
0000000000.00000,00000000000000 SSLP-SVM (1),
SSLP-SVM (0,1) 0 KSM (1) 0000000000000000000.

0313 0000000000000000000000 (%) 00000 (SSLP-SVM
0KSM (1)000)

Data | KSM (1) | SSLP-SVM (1) | SSLP-SVM (O,1)
Banana 89.8 + 3.1 89.0 &+ 3.2 87.5+£3.4
B. cancer | 72.6 + 4.6 *74.1 £ 5.0 *74.8+2.9
Diabetes | 73.5 + 2.6 71.6 + 3.7 71.44+4.0
German 73.9 +£ 3.0 70.2 = 5.9 64.5+ 10.2
Heart 82.1 + 3.9 *82.2 + 4.0 78.7+5.5

Image 95.7 + 0.9 83.2 + 144 90.2 £ 6.1
Ringnorm | 52.8 £ 1.8 *98.4 +£1.2 *97.9+1.4
F. solar 65.2 + 2.8 63.0 + 6.2 54.4+10.1
Splice 87.4 + 25 86.2 + 1.4 69.2 + 8.1
Thyroid 95.5 + 2.5 *95.7 £ 2.5 76.5+10.3
Titanic 79.6+ 7.8 78.7 + 7.8 69.3+1.2
Twonorm | 97.1 & 1.5 *97.5 + 1.3 51.7+3.5
Waveform | 89.6 + 3.0 *90.0 + 2.6 66.71+0.6

KSM (1) 0000 (D00000)

03140 200000000000000000000000000000000
0000000000.00000000000,000000000000000
SSLP-SVM (1), SSLP-SVM (0,1) D000 KSM (1) 0000000000 (¥) 00
oo.

031400, SSLP-SVM (1) 0 KSM (1) 0000 40000000000000
000000000000, SSLP-SVM (0,1) O Ringnorm 00000000000
0KSM (1) 00000000000000000. 0000000, Ringnorm 00
000000000000000000000000,0000000000000
OKSM (1) 00000000000000000. 00000000000000
00000000. 0000000, KSM (1) 0000000000000000
SSLP-SVMO 0000000000000 O00000000000000OO.

03.13,314000000,0000000000000,00000000000
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gboooooouobobobobobobobobobobobooooo,bobo
goboooobooooboboo,ogoboboooobboooboobooobo. oboog
O,SSLp-SsvMO0O00OO000O0OO0O0ODODOOO0OOOOOODODOO0ODOOO0OOOO
gopbooo.

0314 000000000000000000000 (%) 00000 (SSLP-SVM
0OKSM (1) 000)

Data | KSM (1) | SSLP-SVM (1) | SSLP-SVM (O,1)
Banana 88.6 £ 0.6 88.6 £ 0.6 87.3+0.9
B.cancer | 75.0 + 4.2 73.3 £4.6 72.843.2
Diabetes | 73.4 £ 1.7 71.3 +£ 4.9 70.8£2.5
German 75.1 + 2.2 71.2 £ 85 70.1+3.2

Heart 80.4 £+ 3.3 *82.9+ 3.7 77.245.7

Image 96.3 £+ 0.6 87.3 £ 13.5 91.5+3.9

Ringnorm | 76.5 + 11.1 *98.2 + 0.2 *98.24+0.3
F. solar 65.1 + 1.8 63.4 £ 4.7 53.64+9.3

Splice 87.6 £ 0.8 86.7 £ 0.8 70.24+10.8
Thyroid | 95.6 + 2.0 95.3 £ 3.8 75.4413.2
Titanic 76.6 + 1.2 *T7.0 £ 1.7 67.9£0.5
Twonorm | 97.6 £ 0.1 97.5 £ 0.2 51.1 £0.3

Waveform | 88.5 + 5.6 *89.9 + 0.7 77.0£2.4

KSM (E) J00O0O0OO0OOO0oOoooooooo

0 3.150 KSM (E) O SSLP-SVM O SSLP-SVM (0) 0000000 20000
0000000000000000000000000000000000 (%) O
0000000. 00000000000, 000000000000000. 00,
0000 KSM (E) 000000000000 «, 000000000~00000
00000000000000000 SSLP-SVM (E), SSLP-SVM (O,E) 0000
00.00000000000,000000000000000. SSLP-SVM (E),
SSLP-SVM (O,E) 0000 KSM (E) 0000000000 (Y)OoOooo.

031500, SSLP-SVM (E) 0 7000000000000 KSM (E) 0000
0000000000000, SSLP-SVM (O,E) O Image 0 00000, Ringnorm
000000000000 KSM (E)00000000000000000, 000
0000000000 KSM (E)00000000000000000000. 00
00000 SSLP-SVM (O,E) 0 KSM (E) 00000000000 0000000
000000000.36600000000000000000000000000
00. 00000,00000000000000 SSLP-SVM (E), SSLP-SVM (O,
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E)OKSM (E)D0o0O0O00O0ooooooooooon.

0315 0000000000000 0DO0000o0n (%) ooooo (SSLP-SVM

O KSM (E) DO0O)
Data | KSM (E) | SSLP-SVM (E) | SSLP-SVM (O,E)

Banana 88.3+2.9 *89.2 £ 3.3 87.5+3.4
B. cancer | 75.7+ 3.5 68.1 +6.4 70.9 +£2.2
Diabetes | 73.8 £ 3.0 70.9+3.0 59.44+8.6
German | 71.6 2.8 71.5+2.5 71.1£6.1

Heart 82.9+3.9 *83.5 1+ 5.4 74.4 +6.8
Image 88.1+1.4 *95.2+1.0 *93.8+2.6
Ringnorm | 62.5+4.0 *63.9 &£ 5.7 *76.8 +£20.8
F. solar 64.4+ 3.7 *65.1 = 3.2 61.24+4.1
Splice 72.0+ 3.0 62.4+9.2 60.3+ 10.9

Thyroid | 96.0 +2.7 *96.1 - 2.4 76.0+11.6

Titanic 79.4+7.0 73.51+9.0 79.1+ 6.1
Twonorm | 97.2+ 1.4 97.1+1.4 92.848.0

Waveform | 89.0 £ 2.8 *89.1 £ 2.5 74.0+5.9

KSM (E) 00000000000)

U3dled20000000000000000O00O0000O00OO0DO0O0OO0OOO
O000000o00.00o0oooooooo, KSM (E), SSLP-SVM (E), SSLP-
SVM (O.E)0000000000D00000O00O00. SSLP-SVM (E), SSLP-SVM
(0O.E) D000 KSM (E) 0000000000 (*)0000.

031600, SSLP-SVM (E) 0 7000000000000 KSM (E) 0000
0000o00oDooo0o0oog. SSLP-SVM (O.,E) O Ringnorm 0 0 00 00O, Image
O00000D0KSM (E)J0O000O00000O000DO0O0. 00o0ooooo
gobooobooobuoobobooobuooo,bbooobboooboboooboo
uobobooooodo. gobobooobo,bbooobboooboboboooboboo
ugoboboooobobo. bogoobooob de6bb0000DbO0O0O0OnDDO0O
gobooboobobooboooog.

ub,buogobuoobboobbooobboobbooobooobbooboo
uboobooobooboooboobooboobbobbooboobooobooong
ugb.0oboooobobooboboooboobooboobooboooobobonbog,o
gobooboobbooboobobooboooboog.



030 OD0oooooooooboobooboooooo

0316 0000000000000 0O0O0O0O0ODOOO (0D)DOOOODO (SSLS-SVM

0 KSM (E) 000)

Data | KSM (E) | SSLP-SVM (E) | SSLP-SVM (O, E)
Banana 87.84+0.6 *88.6+0.6 87.3+0.9
B. cancer | 75.1+4.4 67.4+5.0 70.8+4.2
Diabetes | 71.7+2.3 70.14+2.8 70.0£10.2
German 73.6+2.1 71.1+2.5 70.2+6.3
Heart 82.44+3.6 *83.1£3.8 78.2+4.4
Image 88.1+1.0 *95.8+0.8 *93.1+£5.1
Ringnorm | 64.1+2.4 64.1+2.4 78.9 £20.2
F. solar 63.5+4.0 *65.0£1.7 59.1£1.0
Splice 71.8+1.5 51.4+4.5 61.3+10.2
Thyroid 95.1+2.4 *96.1+2.1 75.4+13.2
Titanic 77.3+£0.3 76.1£8.9 77.2+1.2
Twonorm | 97.040.5 *97.340.3 92.2413.3
Waveform | 88.0+1.1 *88.2+1.2 71.84+4.6

3.6.6 DO00OUO0OODODOOO SSLP-SVMOOO

000000, SSLP-SVM, SSLP-SVM (0) 000000000000 &, 000
000000~0KSM (1), KSM (E)00000000000000000000,
SSLP-SVM, SSLP-SVM (0) 00000000000000000. 000,000
0D00000000000000000000000000,00000 KSMOOO
000000000000000000000. 000, SSLP-SVMO000000,
000000000000000.000,00000000,0000000000
0000000000000000+=99.9%)000.000000000000
00000000000,00000000000000000000000000
000000000000000000000, risO0000000 Numeral 000
000000000.

000000000000000000000000000,03.17000000
SSLS-SVM, SSLS-SVM (0) 0000000000.

0318000000000000000000000000D0. 0000000
0000,0000000000000000.00,00000000000,00
0000000000000, SSLP-SVM, SSLP-SVM (0) 0000 KSM (1) OO
KSM (E) 0000000000 (*)0oooo.
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0317 J00O0O0ODO (DO0OOOOO0OO0O0OOOO SSLP-SVM)

Data SSLP-SVM | SSLP-SVM (O)
5y C 0 c
Banana 1 10 0.5 100
B. cancer | 0.05 50 0.1 0.1
Diabetes 0.1 100 0.1 100
German 0.1 100 1 500
Heart 0.1 10 0.1 1
Image 0.05 10° 0.5 103
Ringnorm | 0.1 103 | 0.01 500
F.solar | 0.5 500 | 0.1 103
Splice 0.05 100 | 0.05 100
Thyroid 1 1 1 1
Titanic 1.5 5 0.5 0.1
Twonorm | 0.05 10 0.5 1
Waveform 1 10 1 1
Iris 1.5 100 | 0.01 10*
Numeral 1 100 1 103

200000

20000000,SSLp-SVMO 200 KSMOOOOO,50000000000
0000000oo0o0oo0oooD. 000, KSM ()oooooooo 70, KSM (E)
gobboobooo ooooboobooobooboboooboobooboooooobooon. oo
Diabetes D OO OO0, Ringnorm O OO ODOODOOO0OODOOODOOOODOODOOO
O00.000000000000DO000O0000O00O00DooOog. SSLP-SVM
(O)0 200 KSMOOOODO,40000000000000000000ODOOOO
O0.000,KSM (1)0Doooooooe0,KSMOE)ODOoOOOOOO 1000
obobooobobooboboobob0obobOo. 00 RingnormdOOoogooQg
gbobooboobbooboobobo.ooboobbooboobbooboo
00 German 000000000000 OODOOODOOO.

00,0314,3.16000000000000000000000 SSLP-SVM, SSLP-
SVM (O) 00O0O0O0O0oopoooopooooooo. oooooooo,0o0o0oo
SSLP-SVM, SSLP-SVM (O) 00 0000000000000 0oOooooooooo
boboobooboobgoboo. oo, boboboboooboboboobobono
00000000 DO0O0DO00DOO00OgOoogooog. SSLP-SVM O SSLP-SVM
(O)0b00D0ooO0o0UOo0O0U0OO0,0000000L0DO0O0DLODO0O0ODOOOO
gbooobbooboobooboboon.
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gbooooo

gooOooooo,SSLp-svMOO KSMOOOOOOOOOOOOOOOOOO.
SSLP-SVM (O) 000000 KSMOOOOOOODOOOOoOooooooooooo
gbobooo. obobboo,oobobooobboobobobooooboboooonoooo
goboooooobooooog.

0318 J000O0O0OOOOOO0OO0O0OD (0)oooooo

Data | KSM (1) | KSM (E) | SSLP-SVM | SSLP-SVM (O)
Banana | 88.6 £ 0.6 | 87.8 £ 0.7 | *88.7 £ 0.5 | *89.0 £ 0.5
B. cancer 75.0 + 4.2 75.1 £ 4.3 73.6 £ 4.3 70.5 £ 5.1
Diabetes | 73.4 £ 1.7 | 717422 | *75.6 £ 1.6 | 73.3 + 1.9
German | 751 +22 | 73.7£21 | *75.6 £2.4 | 713 +26
Heart | 804433 | 824+£36 | 81.8 £33 | *83.3 £ 34
Image | 96.3 £ 0.6 | 88.0 £ 0.9 | 89.0 + 15.6 92.9 £ 75
Ringnorm | 76.6 + 11.1 | 64.1 £ 2.4 *08.1 +£ 0.1 *98.4 £+ 0.1
F.solar | 65.1 = 1.8 | 63.5+3.9 | 63.7+ 1.9 64.1 £ 2.0
Splice | 87.6 £0.8 | 7.9+ 1.5 | 87.0 £ 0.9 85.0+ 1.2
Thyroid | 95.6 £2.0 | 95.1 £ 2.4 | ¥96.4 £2.0 | *95.9 & 2.0
Titanic 76.6 + 1.2 77.3 £ 0.6 76.8 £ 1.1 76.7 £ 1.0
Twonorm | 97.6 + 0.1 | 97.0 £ 0.5 | 97.5 + 0.1 97.4 + 0.1
Waveform | 885+ 5.6 | 88.0 £ 1.1 | 88.2+3.0 | *89.3 £0.7
Tris 93.3 92.0 90.7 93.3
Numeral 99.0 99.0 98.9 99.3

SSLP-SVMOOOOOOOOO

0000 SSLP-SVMOOOO0,0000000000000000020000
0000000000000000000.000000 SSLP-SVMOOO00000
000000000000, O 3.190 SSLP-SVM, SSLP-SVM (1), SSLP-SVM (E)
0000000000000000000000. 0 SSLP-SVMO “Class 17, “Class
2 0,KPCAOOODDOOOOOONOOONONDNONO0000O, “Rem 17, “Rem 27
00 SSLP-SVMOOOODOOOOO0000000000000000000000
0. Heart D Twonorm 00000, 000000000 1000000, SSLP-SVM
00000000000000000000000000.
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0319 00000000000 O0O00O (SSLP-SVM)

SSLP-SVM | SSLP-SVM (1) | SSLP-SVM (E)

Data [ Class1 [ Rem [ Class2 Rem [ Class1 [ Rem [ Class2 [ Rem [ Class1 [ Rem [ Class2 [ Rem
Banana 67.7 11.5 73.2 10.7 123.1 18.2 128.8 20.5 123.1 18.2 128.8 20.5
B. cancer 75.6 0.8 53.5 0.9 75.6 0.8 53.5 0.9 20.2 5.5 22.7 9.4
Diabetes 99.7 11.0 103.3 11.2 229.4 26.9 159.0 42.3 19.0 15.1 54.7 36.4
German 494.6 33.2 212.8 129.1 113.0 19.8 83.0 54.0 398.8 260.0 192.3 100.6
Heart 94.4 1.7 75.6 1.4 21.2 6.9 28.1 8.7 37.3 1.2 42.0 1.3
Image 65.7 23.6 70.7 20.2 201.4 43.0 135.6 26.5 485.9 67.9 572.9 81.9
Ringnorm 21.0 2.2 85.6 0.7 21.0 2.2 85.6 0.7 225.4 39.3 199.0 84.8
F. solar 17.2 8.4 26.6 6.6 2.0 1.8 3.0 2.6 13.4 8.7 27.8 15.2
Splice 108.3 7.5 63.5 12.4 314.7 10.0 188.8 15.0 517.0 26.2 459.9 142.7
Thyroid 15.3 2.0 33.5 1.9 11.8 5.8 29.7 27.1 8.8 6.0 27.1 26.1
Titanic 7.6 1.4 9.5 0.6 1.0 1.0 1.0 0.9 5.3 1.1 7.7 1.0
Twonorm 187.2 1.0 190.9 1.0 1.0 1.0 1.0 1.0 120.0 31.1 121.8 116.2
Waveform 265.3 10.3 132.3 11.2 3.0 3.0 2.0 2.0 187.1 3.0 92.0 37.2

gooogooo

032000 KSM, O SSLP-SVMOOOO0O0O0O0O0000000000 (O SSLP-
SVMOO)O00O0O0000000000 (s)000.
20000000,00000000000 SSLP-SVM (0) O SSLP-SVM OO O
000000000000. 0000000000000000000000. 00
0,0 KSMOOODO Image 0000000 Splice000000000000000
0000000000000000000000. 000 LP-SVMOOOO0O000
00000000000000000000000000000.00000000
0000000000 SSLP-SVMOOOOO000000000.
00000000000, SSLP-SVM (0) O SSLP-SVMOOOO0O0000000
0000. Numeral ] 00 00000000000000000000000000
0000000000000000KSMOOOOOOOO0OO0OO0OO000000000
0000 SSLP-SVMOOOOOOO0OO0OOD0O00000000000000. 000
000000000000000000000000.0000000000000
00000000000000000000000000000000.
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0 3.20 SSLP-SVMOOOOOOO0O (s)
Data | KSM (1) [ KSM (E) | SSLP-SVM [ SSLP-SVM (O)

Banana 0.62 0.59 3.41 2.15
B.cancer 0.10 0.09 0.10 0.11
Diabetes 1.12 1.10 9.64 7.98
German 3.13 3.61 44.1 35.9
Heart 0.07 0.06 0.07 0.09
Image 21.9 22.0 80.8 67.5
Ringnorm 0.72 0.62 4.95 3.65
F.solar 1.31 1.33 18.9 7.95
Splice 10.3 10.9 69.5 58.1
Thyroid 0.03 0.03 0.04 0.03
Titanic 0.01 0.02 0.02 0.02
Twonorm 0.71 0.72 2.32 2.01
Waveform 0.74 0.74 5.21 3.56
Tris 0.01 0.01 0.02 0.01
Numeral 43.8 42.9 251 118

3.6.7 SSL2-SVMO OO (KSMOOOD)

0000000000000 KSMOOOOOOO0O0000000000 v00
0000000 «0SS-SVMOOOO0O00D0000000000000000000
000000,0000S8SL2-SVMOOO00000000000000000000
00000000000.0000000000000000000000.00,0
0000000000000000000000000000 p=50000. 0 3.21
0 SSL2-SVM, SSL2-SVM (0) 0000000000000 00000. 000, 0
00000000000,00000000003000000000000000
oooooo.

03220000000000000000000000000.00000000
000,0000000000000000.00000000000,000000
000000000, 00, SSL2-SVM, SSL2-SVM (0) 0000 KSM (1) 00 KSM
(E) 0000000000 (Y0000.
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0 321 OJOOOOO (SSL2-SVM)
Data SSL2-SVM SSL2-SVM (0)
K y C K 5y C

Banana | 999 10 100 | 99 30 10
B. cancer | 99 20 0.1 999 1.5 100
Diabetes 99 30 0.1 | 99.9 3 103
German | 999 0.5 50 [999 3 100

Heart 999 0.5 1 80 20 0.1

Image 99.9 200 500 | 999 20 103
Ringnorm | 99.9 15 10 1999 1 1

F. solar 99.9 5 50 90 3 10
Splice 999 10 500 | 999 1 100
Thyroid | 999 15 500 | 99.9 5 103
Titanic 90 10 01 999 10 103
Twonorm | 99.9 1.5 0.01 | 80 0.5 0.1
Waveform | 85 50 1 80 3 100

Tris 80 50 10 80 30 10
Numeral [ 999 15 500 | 95 100 5
Blood cell | 99.9 30 103 99 200 10

200000

20000000,SSL2-SVvMO 200 KSMOOO 900OD0OO0OO0OOODOO
O000000000O00O0. D0OO0,KSM (1) DODO0O0OO0OO0OOO 100, KSM (E)
00000000 11ooooooooooooooooooooooooon. 0o
Ringnorm 000 00O 0O, Diabetes 000000, F. solar OO0 OO O, Waveform
0000000000000 000000O0OODODOOOOOO. SSL2-SVM (0) O 2
OO0 KSMOODOOO 000000000000 0000DOO0ODOOOODOODn. O
O0,KSM (1) 0000000060, KSM(E)D0000O00O0800IOOOOO
0000000000000 D00D0O00. 00 RingnoomOODOOOOO0OOOOO
ooooooooboooboo. obgog, SSsL2-svMiooodno KSMOOGODoo
O00000000000000000. 000 SSL2-SVM (0)0 Splice0 00000
0000000000 00oooo0ooo0oooooooooooooooooon
00000000, 00oooooooooooooooooooooooooog
O0.0000,SSL2-svMO000oodooooooooooooooooooo
ooooo.
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gbooooo
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Oooooooo,ssLe-svMOoOooooooooooooooooobooboood
0000000000, SSL2-SVM (O) 00 KSMOOOO 20000000000
gbobobobobob.oboboooooooooboooboobobobooboob. g
ooo0oSssLe-SsvMoooooOooooooogoKSMOOOOoooooooooo
gooooog.

00, SSL2-SVM O SSL2-SVM (O) DO00O0OO0000O0oo0oooooooo,od

uobooobooooooooboog.

0322 000000000000 O0DOO00O0O0O (%) 0O0O0O00 (SSL2-SVMO KSM

ooo)

Data | KSM (1) | KSM (E) | SSL2-SVM | SSL2-SVM (O)
Banana 88.6+0.6 | 87.84+0.6 | *89.4+0.4 *89.040.6
B. cancer | 75.0+4.3 | 75.1+4.4 73.4+4.3 73.61+4.8
Diabetes 73.5+1.8 | 71.7£2.3 | *75.9£1.9 71.1+2.4
German 75.1£2.2 | 73.6%£2.1 | *76.0%£2.3 73.442.6

Heart 80.5+3.3 | 82.4+3.6 | *84.343.3 *83.14£3.9

Image 96.34+0.6 | 88.1£1.0 96.1+0.9 94.9+0.6
Ringnorm | 76.6+0.6 | 64.1+2.4 *95.8+0.7 *098.14+0.1
F. solar 65.1+1.8 | 63.5£4.0 | *66.5+1.6 *66.2+1.6

Splice 87.61+0.8 | 71.841.5 | *89.040.6 77.2+2.3
Thyroid 95.64+2.1 | 95.1+£2.4 95.442.5 *95.94-2.1
Titanic 76.6+1.2 | 77.3+£0.3 77.1£1.1 77.1£0.9
Twonorm | 97.6+£0.1 | 97.0£0.5 | *97.7+0.1 97.6+0.2
Waveform | 88.5+0.6 | 88.0&£1.1 | *90.2+1.2 86.3+1.6

Iris 93.3 92.0 *97.3 *97.3
Numeral 99.0 99.0 *99.3 99.0
Blood cell 91.3 90.1 *92.6 *91.5

SSL2-SVM O SSLS-SvM O O4O0oogoooo

SSL2-SsvMOO00d0000o0o0oooodooooooogdoD. ooooooooo,
SSLS-SvMOO000000oooooooooooooooooooooo. o 3.23
O0000obDODOo0oOob0OoOobDOoDOoon SSLSs-svM O SSsL2-svMOoooooo

go.

200000000000000DOOO00O00O, SSLS-SVvM OO0 SSL2-SVvM OO
gboooogoooooogbobo.gboboo,obobobobooobog, o
gbooobooboobog,0b00b0obo0o0b0o0boob0, Image0d0oOng
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O Splice0 0000000 DOOOOOOOOODOOOODOOOODOOOODOO
o.0o0boooooboooo,Ssvooooooooogooooopbog.ogoo,2
00000DOo0o0Oooogooo, SSL2-SvMO SSLS-SvMOOOOoOoOooooo
goboobooooobooo.

00000000,00000000000, SSL2-SVM OO0 SSLS-SVvM OO0
0000000000000000.000,S8SLS-SsvMO000000000000
(M3 0000,SSL2-svMO000000 ((nM)*) 0D00,0000000000
00000000000D00000000. 000 SSL2-SsvMOO000000000
oooooooo.

0 3.23 SSL2-SVMOOOO0O0000 (s)
Data | SSLS-SVM | SSL2-SVM

Banana 0.91 0.13
B. cancer 0.10 0.02
Diabetes 1.12 0.69
German 4.11 3.72
Heart 0.07 0.08
Image 22.5 9.8
Ringnorm 1.06 2.11
F. solar 1.35 3.56
Splice 13.1 6.51
Thyroid 0.04 0.05
Titanic 0.02 0.01
Twonorm 0.70 0.71
Waveform 0.75 1.11
Iris 0.02 0.01
Numeral 44.7 101
Blood cell 319 372

3.6.8 SS-SvMUOOUOOOOOoOOoOOOO

SS-svMOoOoOoOOOoOopDoOoooooobooooooobooooo.

0 3.240 SVM, KSM, SSLS-SVM, SSLP-SVM, SSL2-SVM OO 0000000
000000000000000. 000,000 “KSM” O KSM (1), KSM (E) O
0000000000000000000000000.00,000 “SSLS-SVM?,
“SSLP-SVM”, “SSL2-SVM” 000 000000,000000000000000
000000000000000000000000000.00000000000
0000000SVMOOOO0O0000000000. KSMO $S-SvMOO0000
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ooooooooooOo,0booooboob0o0o0ooobobobooOoOono. gog Sss-svMm
000000000 KSMOOOOOOOOOODOOOoooo (yoooao.

200000

20000000,SSLs-SsvMO 300000000000 000O0DbO0ODOnOO
oo00,KSMOOOO9000O00OO0DoDOobOOobOoooOoDooooooooo. ™
O0,00S8S-SVvMO0O0O00O,B.cancer00000D00DOOOKSMOOODOODO
000D00D00. 0000000000000 00 KSMOOOOOoODoOooOooo
oo0o0obOo0obOobooobooog. SSLp-SVMO 3O000O0DOOO0OOoOoDbOoOoDbOo
0000000000, KSMOODOO 8O0OODOOODbOobOOoobDOoobOooDbOo
O00000. 000000, B.cancer 0000000 German OO OO OO0 F.
solar 000000000 U0OODDODODODO0O0O0ODODODOOO0O0O. DOoboobooo
SSLp-SVMOO0OO0O00O00000000000000000000000000O.
SSL2-SvM O 80000000000 DOD000ODOOObOObDOobOO,KSMOOO
0l1goodobdooooboboboooboobobogono. o0, B cancerd O d
ooboobooobobooboooobooboooobooboooobooooo. »
oood,Sss-svMOOOoOdoo KSMOOOOOOoOoooooooooooo. d
O,SSL2-svMO0 0000000 20000000000000000000000
ooboobod.

ooobooboobooooooooboobooboboOoooboobogsvyMuonDoo
SSLS-SVM OO 40, SSLP-SVM OO 20, SSL2-SvMUOO 60000000000
OO00O0O000O00000D0O00. O0oDboOg SSLS-SvM O SSLP-SVM O SVM O
OOoO0oooooboogoo,SSL2-svMOoOoooooooooooooooo.

googoo

oo0oOoO0O0OO0O0,SSLS-SvMO 500000000000000O0D0O0O00004,
00000000000 O00OO KSMOODODOOOoOOOoOoOOoooog. SSLP-SVM
ooooboobobobobooooobobobo200000b00b0000000
gbobg,boubobobubobobobuoobooboboboobobob. o
OO000O,KSMOOOOO Numeral HOO0O00O0O0DOOODOODOOO, Iris
gboooboobobobooboobobobobbooboboobobbooboonon
OoO0O. SSL2-SvMOOO0OO0OO0O0OOO0O0OODOO0OOO0OoOoooOooDoo,30000
oooooooobbooooooboooo, misgoobbobOo0oooooboooooo
ooooOo.ooKSsMOooooooooboooooobooooooobooo.
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oooooooo,SSLs-svMOoOoooooooooooooooooboooo
ggboooobo,boobboobbooobooobooobooobooooobooo
goboooboooooboo.

OoooooosvMOoOooog,Sss-svMOooooooooooooooooo
goobooobob, toodoooooooddd. oo oooooo
SSLS-SsvMOOO0O0O0,600 2000000000O0O000DOOOOOOODOO,
ooobooobobobobooboobuobouoooobOo. isOboboboo o
0013% 000000000000000007%0000000,SsVMO00O0
gboooooboob1ooobobobobob. obob,b00b0oboobobo
00, Hiragana-50 0 000000000 34%00000000. 00000000
00 KSMOOOODO 3.6%2000000000000,0000000000000
goboobooobooboooobooboooboobboob.boobobo
oo,ss-svMOodoooooooooo KSMOoogoooooooooo, SVM
gbbooboobbooboobog.

0324 D000O0O00O0O0OO0O0OOO0UOOUOOOO (B OOOOO (O SS-SVM

oon0o)
Data SVM KSM SSLS-SVM  SSLP-SVM  SSL2-SVM
Banana 89.3£0.5 88.6+0.6 %88.9+0.6 *89.0+0.6 %89.4 + 0.4
B. cancer 724+46 751+44 T751+44 73.3+4.6 73.6 £4.8
Diabetes 76.3+18 71.7+23 «72.0+£23 *T735+2.0 *75.9+19
German 76.24+2.2 751422 73.8+2.2 70.9+6.6 *76.0 + 2.3
Heart 83.7+34 824433 *82.6+3.7 *83.143.8 x84.3 + 3.3
Image 97.3+04 96.3+06 9544+0.6 95.1 +1.0 96.1 +0.9
Ringnorm 97.8+03 64.1+24 x97.6=+£0.3 *98.2 £0.2 *98.1+0.1
F. solar 67.6 1.7 65.1+1.8 *x66.9+1.6 64.7+1.9 *66.5 + 1.6
Splice 89.24+0.7 87.6+0.8 86.2+1.0 88.2 +0.6 x89.0 £ 0.6
Thyroid 96.1+20 95.1+24 *954+£21 *96.3+2.2 %95.9 + 2.1
Titanic 772411 766+12 *769+1.0 *76.8+1.1 *77.1+1.1
Twonorm 97.6+0.1 97.0+£0.5 *97.74+0.1 *97.6+£0.2 *97.7+0.1
Waveform 90.0+0.4 885+0.6 *8.1+08 *89.3+0.7 *90.2+1.2
Iris 97.3 93.3 *96.0 93.3 *97.3
Numeral 99.6 99.0 *99.4 *99.3 *99.3
Blood cell 92.9 91.3 *92.9 - *92.6
Hiragana-50 98.9 95.3 *95.5 - -
Hiragana-105 99.9 99.7 *99.9 - -
Hiragana-13 99.1 98.4 *98.9 - -
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3.6.9 000000

ygjodoodooooooooooooooooooooobobooboboobooD. O 330
Thyroid DODOOODOODOODOOODOOOODOOODO. O0O0O,oc000O0 10
gbobooooogb,bobxboboo 20000000000, 00,00000¢0
gbog,obgooobobduoobobobod,obooboboboobabd
gbooboogz2booa,200bobooboboo. boobobboboond
goboboog,o0b2000b0000bboooobbooooboboo. opboo
OOooSsS-svMOoOOoOogd SSLS-svMOOdO.

goo,bo0obobooooboboob 42000,0000 11000, 0O 3300
goobooob,bo0bbooobboobboob01100ooboobboooobog
gb2000000000000000000DO. 000DO00DOO0ODOODOO0O0O0O0
ubboobogobboo. oboobboobboooboobboobooonoobg
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gbooobooboobooboobobg.
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3.7 OO

0000,200000000KSMOOO0O000O00000000000000
00SVMOOOOODO000O00 KSMOOOOOO Ss-svMOO000000.
SS-SVMOO,0000000000000000000000000000000
00000000000000000000000000. 000 S8vMO0000
00200000 LS-SVM, LP-SVM, L2-SVMOOO00000000000000
000000000000000. 000000000,000000000000
00000000000000000000. 00,00000000000000
00000000000000000000000000000000000000
0000 SS-SVM (0) 00000000.

0000000 SS-SVMOOOOOO0000KSMOOO0OOO00O0O0000,0
0000000000000.000200000000000000000000
000000000000000. 000,000000000000000000
00000000000000000,KSMOOOOO0O000000000000O0
000000000.0000000000000000000000 KSMOOO
0000000000, 00,000000000000000000000000
00000000000000000000000. SSLS-SVvMOO,200000
0000000000000000000000000000000000. 000
000,0000000000000000000000000000000000
00000000000000000000000000000000000000
0. 00SSLP-SVMOOOOO000000000000000000000000
000000000000000000. 000000,000 KSMOOOOO0O
00000000000,00000000000000000000000000
0000000000000000000. 00 8SL2-SVMO 2000000000
SSLS-SVMOOOOO0O00,0000000000000020000000000
000000000000000.000,000000000000000000
0000000,000000000000000000000000000000
000.SS-SVMOOOOOOOO0O0O0OD SVMOOOOOO,0000000000
0000000000,00000000000000000.0000000040
00000, 00,S8S-SVMOO0000000000,SSLP-SVMOOO000000
000 SSL2-SVMOOOOOO0O0O000000000000000000,0000
0000000000000000000000,000000000000000
000000000.0000000000500000
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1 4 [

Juoooogoogd

4.1 OO

000000000000 (KSM: Kernel Subspace Method)!'® ) 00000
000000000000 0OD0OD0OO0OOODDODO (SS-SVM: Subspace-Based Support
Vector Machine)?*24) 0000 ,000000000000000000000000
000000000 000000 (SSLP-SVM: Subspace-Based Linear Programming
Support Vector Machine) 0000, 000000000000000,00000
00000000000000000O0O0OoOO. 000000, 000000,00d
000000000000000000000,0000000000000000
00000000000000000000000. 00,000000000000
00000000000000000000 (SVM: Support Vector Machine) 6 7)
0000000000000000000000000o0aQ.

oopoodoo,ss-svMOoodooodoooopoooooooooooooo
0,0000000000,000000000%2Q0Q0000.00,00000
00000000 x<0000000 (999%)0000,000000000 (KPCA:
Kernel Principal Component Analysis)!?: W oooooooooo0. 000,000
dooOoddDoDoOooooOoooooo,Ss-svMOoDoooooooooooooao
000000000, 000000000 0DO0O000DODOo0o0O,00000
000000, 000000000000 ooooooobo. booo, 200
ooooooO. 1000, 0o0ob0ob0o00. oo, 0o0b0 KSMOooooooa
O0000000000000D0D0000D0OO0 (SSLS-SVM: Subspace-Based Least
Squares Support Vector Machine) 0000000000 L20000000000O
O (SSL2-SVM: Subspace-Based L2 Support Vector Machine) D00 OOOOO0O
0o0DOOo0ooOOo. oogooo,SsSsL2-svModooooooooooooooa
gooooooboooo, oo ouooooooooooooogo
dodoooooo.oooo,0o0o0o0o0o0000000000000000000
000000000, ooog SSLs-svMoodooodo. 2000000,000
0000000000000 000000DDOOO00000. 00DODODoODOO0O0
goboobboooouooooooooo, tgoboobooooboooo. g
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0D00,000000000000000,000000000000000000,
0000000000000, 00,00000000000 SSLS-SvMOOO00O,
SSL2-SVMOOO0OO0O0000O00000000O0000000000000000
0.000,00200000000000000 SSLS-SVMOOOOO0O0O0O,
0000000000000000000000O0.

00000000, SSLS-SVMO SSLP-SVMOOO0OO000O0000000000
0000000O0000.000,SSLS-SVMOOO000000000000000
0000000 KSM, SSSVMOOOOO0O0000000000000000000
00,000000.00,0000000000000000SVMO00O0000O
000,0000000000000000S8sS-SvMO0000000000.

4.2 000000000000

uboob,0bobooboboboooobooobooooboooobobog,ooon
gbooobooobooboobooboboboobbobboobooboobooDbo
ooooooooOoOOSSLs-svMOOoOooooo.oooooobooooooooo
ubobooobooboboab,buoooboooboooboooboooboo
gooooo.

4.2.1 0O0O0OO0OO0OOO SSLS-SVM

KSMOOOOOOOOoOOoDOoooooooooooooooog, SSLS-SsvM O
ooobobobo.o410000,200000000000D. 0000010
gob2000000000000000,000200000100000000
ooobooobo.ooobD e, 000000000000 Fk0000DOOODO.
0 ey 0boboobooooobobgbobobobooboobobobobo
ugb.goboobod, e, 0ot l1bgobobooobg20b0boaooo
ubooooboooboooooboo.gboboooboo,0bogooooon.

goboogoo,bboobboobboobboobboobboooboobo
oobooboo,oobogoboooooboobooobooboobooboobooobo. o
oob0O,0000000obo0oobooobooobboOobooOog. SSLs-svMuoonooono
go,0b0bo0bobobobooobooboboobbooboboobooboobooboo43b000bD0O0
oooooo. boo,SSLe-svMODOOOO,0000000O0C00ODOOODOO
000000000O00. 00o0,0000000000000D00000 999 (%)
ODo0og,SssLs-svMOooooooooooooooooooo,00oooooo
ggbbooobobdg,guoobboobooboobbbooobb. booobog
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gogbooobboooooobboobooa,booboooboobooon.

(O

P ZER £

0]
DRI KYISR2FEHFLEKRT

041 000000000
Ooo0OoOoooooooo SsLs-svMOoooooooooo.

goobooog 8

Stepl1 00000O0O0O0OO,0000C00000~0000D0CO0O00O0DO C
gbooboboobobo. 000 x=990000.

Step2 Stepl000000DODOCOOOOOOOOODODOOCOOOODOOOCOO
ubobooobooobobooooon.

Step 3 Step 2000000000000000000000000000000
0000.00,0 (214000004 (i=1,.,n)0000000 ¢, 000
0 X 0DODO.

Step4 Step30000000000000D0:00000000000O,00
Or(Gi=1,.,n)00000.

Step5 00000000 O0O0DD000 (222) 00 fi(x;) (i = 1,0y, j =
1,...,M)00000.

Step6 0 (3.12)000000 w; (i=1,...,n)000.

Step7 Step 600000000 w;000000000000000. 0000
000,0000000000000000,Step5000.
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00,00000000000 SSLS-SVM O SSLS-SVM (P) 00O,

4.2.2 SSLP-SVMUOOOOO0OOOOO0OOOODOOOO

SSLp-svMOOOOOOOOOCOCOCOOOOOOO0OO0,00000O0O0O0O0O0OD
oooooo.ooooog,ogossLe-svMobooooooooooooooo
O.00b0o0oo0oooooboooooOoo,ssLpe-svMOooonoooooooo
O0000000000.00000000000000 (3.24)-(3.260) 000000
0000000 (326) 0000000000 0O0OO. 0O0OO,SSLP-SVMOOOO
gboobobooooooo.

minimize Q(w,b, &, u Z szk + Z Z (4.1)

=1 k=1 j=1 i#y;,
=1

subject to W;fjfyj (x5) + (b; —by,) — wfi(x;) — (b —b;) =1 —&i + uij
fori#y;, i=1,...,n, j=1,... M (4.2)
fji, Ui >0 for 4 7'é Yj, 1= 1, Ny, j = 1, ...,M (43)

000000000000 SSLP-SVMOOOO000 4,50000000000,0
000.00,00000000 SSLP-SVM, 0000000 SSLP-SVMOO000
SSLP-SVM (P), SSLP-SVM (N) 0 0 O.

423 0O0OO0O0O0OO0ODOOOOO

0420000 2000000000,000 1,2000000000000000
O020000000000. 000 ¢, 000000000000 Fk0DDOODO
gooo. 000, e 0 e 000000000000 O00O000O0DOO0O0O0ODO0
OUO0D0OO,000000000000000 AM1>> A2, A1 >> 200000
O.000KSMUOO,0000000D00000000000000, M2, 2200
O0o0o00ooobo0ooobooboob. obobob,04200,¢9;0 0000
gobobooo. goboboooboboooboobooobobooo,0obboooobooo
O00.000000SvMODODOOO0O0O0O000 o0 0000000000
Uoo0,0000000000000000D000000. 00, ¢150 b0
ubogbuogbuoobooboobobooboobooboobooboobg
ugb. bboooboboooobobooobooobbooo,obobooobboo
uboboooobobobooboboboobobobooboboboooa.
gbogbooboobooboobooboobooboooboobooboobo
obooo,00b00bgoboobo. bobooboboooobobooboDbo
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gobobobobobooboo,ooboobooboobooobooobo.obo,boo
goboboobooobooobooobuoobuooboobooobobobobooooboo
070000000000,00000000.00,00000007 =1075,10"%
oobooooboooooorTroooog.

EHE
Ay >> Ay,

}\“21 >> }\’22 (P12

9221

BH
|W12| == |W11| P = Py
|Wao| >> || é% .

95 R2
?2 _
951, 2LHICRIEBERITEDS

042 00000000000
000 SSLS-SVM (Ab) 0000000000,

goobooog 9

Stepl 0O0000O0OOOOOOO, ¢, TO00000D00ODO00ODOO. OOO k=
9990 0O0O0O.

Step2 Stepl00000~O00O000O0DOOOCOOOOOODODOODOOOO
oboobobobobo.

Step3 Step20000000000000000000O0OOOOOOOOOO
0000.00,0 (214)00000i(i=1,..,n)0000000 ¢, 000
0 \eDODO.

Step4 Step3000000000000000:000000000000,00
Or(i=1,.,n)00000.d=1000.

Step 5 fi(x;) (i=1,...,n,5=1,...,M)00000

Step 6 0 (3.12)000000 w; (i=1,..,n)000.

Step7 0000 w; 00000000000000000000000007TO
00000000000000.0000000,7000000000000
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OOo0oOoOoOoDoOooo, Steph0OOO0ODOO.

00,00000000000000000000 SSLS-SVM O SSLS-SVM (Ab) O
uo.

4.3 0UO0OO0OOO

0000,00000000000023000000000000000000
0000000000000000,00000000 S8sS-svMO00000000
0 SS-SVMODODODODO. OO, SSLS-SVM (Ab) 000 SS-SsvMOOOOO0O00Qd
000,0000000000000000000000000000000000
SVMOOO0OO0OO0OOO0O0O00000000000000000 8s-SsvMOO0o0ooao
00000. 000,000000000000000 SSLP-SsVvMOOO0O0000
00000000000000,000000000000000000,0000
000000000000 Iis0000000 Numeral 000000000000
00.000,SSLS-SVM (P) O SSLS-SVM (Ab) 00 0000000000000
Hiragana-105 0 0 0 0000 Hiragana-130 00 000000000000000, 0
000000000D0.00,00000000000000000000 SSLS-SVM
0 SSLS-SVM (A) 0O 0.

4.3.1 DUOO0O0O0OOOOOoOOobDObOOoOOobo

00000000000000000000 SSLS-SVM (A), 000000000
0 SSLP-SVM (P) 0 0000000000000 00 SSLS-SVM (P),000000
0000000000000 0 SSLS-SVM (Ab), 0000000000 SSLP-SVM
(N)000OOO0OO000.00000000000,00000000040 &,v,C,TO
O00000000000000. 0003000000000000000000
000000.00,7T07T={10"°,10"°000000. 0 410 SSLS-SVM (P),
SSLP-SVM (N) 00000000 00.

04200000000000000 SSLS-SVM (A), SSLS-SVM (P), SSLP-SVM
(P), SSLP-SVM (N) 00000000000000.000,0000000000
00000000 100000000,0000000000.000,000000
000000000000000000000, SSLS-SVM (A) 000 SSLP-SVM
(P)000,00000000000000000000 SSLS-SVM (P), SSLP-SVM
(N\) 000000000000 (50000,
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200000

20000000,SSLS-SVM (P) 0 8000000000000000000O0
00000000,SSLS-SVM (A)0000800000000000000000
00000000.00,WelchO ¢+00 (J00005%) 000 SSLS-SVM (A) O
000 7000000000000000000,300000000000000
00000000000.00000,SSLS-SVM (P) 0 SSLS-SVM (A) 00000
000000000000.000,8SLS-SVM (A)00000000000000
0000,00 SSLS-SVM (P) 00, 000000000000000. 00000
00000000000000000000000000000000. 432000
SSLS-SVM (P) O SSLS-SVM (Ab) 00000000 SSLS-SVMOOOOO0O000
0000000000000.

00,SSLP-SVM (N) 0 40000000000000000000000000
00,SSLP-SVM (P) 00000 90000000000000000000000
000.00SSLP-SVM (P) 000 5000000000000000000,60
000000000000000000000000. 0000000000000
SSLS-SVM (P) 00000000000 SSLP-SVM (N) 000000000000
000,SSLP-SVMOOOO0O000000000000000000000.

gboogogo

00000000 SSLS-SVM (P) O SSLS-SVM (A) 0000 100000000
000000000,100000000000000000,2000000000
00000000000000. 000, Numeral 0100000000000000
000,0000.1(%) 000000000000. Hiragana-50 000000000
00 SSLS-SVM (A) 0000 12 (%) 000000000000000. 0000,
000000000000000000000000000.

SSLP-SVM (N) 0 SSLS-SVM (P) 0000,0000000000000000
0000000.0000,00000000000 SSLP-SVM (N) O SSLP-SVM
(P)0000000O0OOOOOOOOD,0000000000000000000
oooooo.
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0 4.1 SSLS-SVM (P) O SSLP-SVM (N) 0000000000

Data SSLS-SVM (P) | SSLP-SVM (N)
Y c Y c
Banana 1 100 0.5 10
B. cancer 1.5 5x107* | 0.1 0.1
Diabetes 0.01 10 0.01 1
German 3 0.01 0.5 1
Heart 0.01 0.01 0.5 10
Image 15 100 0.5 100
Ringnorm 0.5 1 0.1 0.01
F. solar 0.1 10 0.5 1
Splice 1 1 0.5 0.5
Thyroid 1.5 0.1 0.5 1
Titanic 3 107* 0.01 1
Twonorm 0.1 0.1 0.1 0.1
Waveform 1 0.1 1 0.1
Iris 15 100 0.01 10*
Numeral 20 10 1 100
Blood cell 200 5 - -
Hiragana-50 50 - -

042 0000O0O0OOOO0OOO0 () ODOOOD0OOOO0OOODOOOO0O0O

ooo
Data SSLS-SVM (A) | SSLS-SVM (P) | SSLP-SVM (P) | SSLP-SVM (N)
Banana 88.940.6 *89.340.4 89.0£0.6 *89.340.5
B. cancer 75.1+4.4 75.1+4.2 73.3+£4.6 68.6+4.7
Diabetes 72.0+2.3 *75.2+2.0 73.5+£2.0 *74.742.0
German 73.842.2 *75.24+2.3 70.946.6 *71.14+2.3
Heart 82.6+3.7 *83.9+3.3 83.1+3.8 *84.0+3.4
Image 95.440.6 *96.340.7 95.1£1.0 *95.740.9
Ringnorm 97.6+0.3 96.6+0.4 98.21+0.2 *98.5+0.1
F. solar 66.91+1.6 65.8+1.8 64.7£1.9 *66.74+1.8
Splice 86.2+1.0 *88.940.6 88.240.6 *88.940.5
Thyroid 95.4+2.1 95.3+2.3 96.3+2.2 95.4+2.7
Titanic 76.941.0 *77.0+£1.5 76.84+1.1 *76.941.0
Twonorm 97.7+0.1 97.6+0.1 97.6+0.2 97.6+0.1
Waveform 89.140.8 *89.840.5 89.3+0.7 89.540.6
Iris 96.0 96.0 90.7 90.7
Numeral 99.4 99.3 99.3 99.3
Blood cell 92.9 91.5 - -
Hiragana-50 95.5 96.7 - -
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4.3.2 ODUOO0O0OO0O0OOOOO0OO0OO0OODOOOO0d

0000, SSLS-SVM (Ab) 00O SSLS-SvMOOOOOOoOooooooooo
Ooobooooboooooob.oo,bo0 SSLs-svMOoooooooobooo
gobooooboooon.

00000000000, 000D000b0b0g0k,y,C, TOO0O0DO0OO0ODOOO
gogboboo. goobbooobbooobbo431000bboooboboo
gboo.04300000000000D0DODO.

0 4.3 SSLS-SVM (Ab) DOOOOoOoOoooo

Data SSLS-SVM (Ab)
¥ C T

Banana 1 100 106
B. cancer 1.5 5x107* 107°
Diabetes 0.05 0.1 10—°
German 3 0.1 10—6
Heart 0.01 0.01 107°
Image 1.5 100 1076
Ringnorm 0.5 1 107°
F. solar 0.1 1 107°
Splice 1 1 106
Thyroid 0.5 50 1075
Titanic 1.5 0%  10°°¢
Twonorm 1 0.01 10~°
Waveform 1 0.1 10—°
Iris 10 100 1076
Numeral 10 103 106
Blood cell 20 5000 10-°
Hiragana-50 | 50 5 105

04400000000000000 SSLS-SVM (A), SSLS-SVM (P), SSLS-SVM
(Ab) 00000000000O000.000,000000000000000 10
0000000,0000000000.0000000000000000000
0D0000000. 00 SSLS-SVM (A) 000 SSLS-SVM (P) 000000000
00000000000000SSLS-SVM (Ab) 000000000000 (*)00
oo.
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200000

20000000, SSLS-SVM (Ab) 0 90000000000000000000
00000000, SSLS-SVM (A), SSLS-SVM (P) 00000000 100,900
00000000000000000000000. 00 SSLS-SVM (A)0000 9
000000000000 WelehD ¢t00 (000005%)000000000,400
00000000000000000000000.00000,000000000
00000000000000000000000000000000000000
000000000,00SSLS-SVM (P)0000000000000, SSLS-SVM
00000000000000000000000000000.

goooboo

00000000, SSLS-SVM (Ab) 0 3000000000000000000
0000000, Hiragana-500 0000000000 SSLS-SVM (A) D0oOO0OO
obooooooob. oboo,b0boboooboboobooboboobobo
uboobuogbuoobuoobooboboobbobooboobuoobodong
O00.00SSLS-SVM (P)0000000o0o0o0ooooooooooooooo
uboboooobg,obbooboboobboobboooboobboobooboo
gboobooboooboo.

044 0000000000000 (%) 000000000SSLS-SVM (P) O
SSLS-SVM (Ab) 0000

Data | SSLS-SVM (A) | SSLS-SVM (P) | SSLS-SVM (Ab)
Banana 88.940.6 89.34+0.4 *89.54-0.4
B. cancer 75.1+4.4 75.1+4.2 75.0+4.1
Diabetes 72.0+2.3 75.24+2.0 75.1+2.2
German 73.842.2 75.2+2.3 74.4+2.1

Heart 82.64+3.7 83.94+3.3 83.943.2

Image 95.440.6 96.34+0.7 *97.040.6
Ringnorm 97.64+0.3 96.64+0.4 *98.240.2
F. solar 66.9+1.6 65.8£1.8 66.5£1.6

Splice 86.241.0 88.940.6 *89.0+0.5
Thyroid 95.442.1 95.34+2.3 *96.241.9
Titanic 76.9+1.0 77.0£1.5 *77.340.3
Twonorm 97.74+0.1 97.6+0.1 *97.7+0.1
Waveform 89.1+0.8 89.84+0.5 *90.0+0.5

Iris 96.0 96.0 *97.3
Numeral 99.4 99.3 *99.5
Blood cell 92.9 91.5 *93.0

Hiragana-50 95.5 *96.7 *95.8
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4.3.3 OUO0O0OobObOOOoOoOobbObOoooobobobouoan

gbooooogooboobobobooooooo,boboobobobooooon,
0430 ThyroidODOOOOOOOODOOOOOOODOOO SSLS-svMOoooooo
O000000000.043(a) 0000000000000, 0O 4.3 (b) 0 SSLS-SVM
goboooobobooobbooobobooob. bbb 2000000000, 4d
ggboboobbooobooob,obbooobbooooboobbo. oo
gboobogoobooooooobobobobooboooooboboobo,bobobo
gobodgboooboooboon.

60

ﬁm»

201'

20 40 60 60

0 4.3 Thyroid 000000000000 00000000000 (a)000000
000 (b)00000O0O00

434 0O0O0OOO0OO0OODOOOOO

0000000, SSLS-SVM (Ab) 00000070 T={10"510"°02000
00000000000000.0000,000000000000000000
000000000000,0000000000000000000000000

045020000000000000000 SSLS-SVM (Ab) 00000000
000000000000000000000000000000. 000, “Before”
000000000000000000x0x=99.9%)000000000000
00, “Afte” 0000000000000000000000000000000OO
000, “Deletion Rate’ 000 00000000000000000000O0OOO
ooooo0ooooo.

04500,000000000000000000000,000000-1000
00000000 20,120020,240030,460050,6800 10000
000.0000000000000000000000000000000000
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00000000000000000000000000. 00 RingnormOO0000
000000 SSLS-SVM (A) 00 x =99.9(%) 000000000000000
SSLS-SVM (Ab) 000 747 (%) 000000000. 0000440000000
00000000000000000000. 000000000000 BananaO0O
000000000000000000.00000,0070007T ={107%,10"%}
00000000000000000000000000000000,00000
00000000000000000000000000000.

045 00000000000 OOOOOOOODODOOOOODOOO (%)

Data Class 1 Class 2 Deletion Rate (%)
Before | After | Before | After

Banana 60.48 57.64 63.01 60.19 4.6
B. cancer | 135.91 | 74.21 56.81 54.32 33.3
Diabetes | 157.96 | 78.87 | 141.71 | 78.18 47.6
German 489.46 | 478.96 | 210.54 | 210.51 1.5
Heart 81.52 43.66 72.33 39.94 45.7
Image 508.45 | 303.55 | 645.7 327.2 45.3
Ringnorm | 202.04 | 42.29 | 199.96 | 58.79 74.7
F. solar 34.33 26.51 62.65 44.91 26.4
Splice 517 425.75 | 459.9 363.9 19.2
Thyroid 70.64 58.06 42.69 38.98 14.4
Titanic 7.81 6.71 10.19 9.05 22.4
Twonorm | 197.92 | 113.7 | 202.08 | 115.35 42.7
Waveform | 267.6 | 115.14 | 1324 98.82 46.5

4.3.5 OUOogobObOoOooodoobbobooooobobo

SS-SVMODO 0000000000000 DODODODODODODOOOOOODOODDOO0
000000,0000000000000000000000. Hy; =H(x;,x;)0
0,000000 HO H={H;}(4,j=1,..M)000000000000000
O0000D00 h(x)0O0OO00O00000000.5233)

h(x) = A~Y2PT(H(xy,x), ..., H(xar, %)) (4.4)

O00,AD000000000000 HOOOOOODODODOOMxMOOOOOO
O,PO00D0000DO00ODO0OODOOOODOOOOOOODOOOOOO MxMO
O00D. 000000000000 000000000000000000000
0000000000000 0000000000OooOs23¥) o0pon,0non
O0000000000000000000000000000000000 (2.14)
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00 (44) 00000000000000000000000000000000
0. SS-SVMOOODDO0O00000000000000000 SSLS-SVM (P) O
SSLS-SVM (Ab) 00 0,200000000000000000000000. 00
00000000000000000000000000000000000000
0 SSLS-SVM (P, O), SSLS-SVM (Ab,0) 000. 00,000000000 COO
0000000000000000000000000000,Cc00000000
oooooo.

0 4600, SSLS-SVM (P), SSLS-SVM (Ab) 0 20000000000 SSLS-
SVM (P, O), SSLS-SVM (Ab, 0) 000000000000000000000O0
000000000. 0000,00000000000000000000000
0000000. 000000,00000000000000000000000
0. 0000000000 SSLS-SVM (P) O SSLS-SVM (Ab) 000000000
0000000000003 000000,000000000000000000
010°00000000000,00000000000000000000000
0000000000.000000,0000000000000000000. 0
00000,00000000000000000000000000000000
0Doooooo.

046 D00O0O0O0O0OOOOOU0OOOOUODOUOODOOO WOOOOOOOO
Data | SSLS-SVM (P) | SSLS-SVM (P, O) | SSLS-SVM (Ab) | SSLS-SVM (Ab, O)

Banana 89.3+0.4 89.3+0.5 89.5+0.4 89.5+0.4
B. cancer 75.1+4.2 74.7+4.4 75.0+4.1 74.6+4.4
Diabetes 75.242.0 75.1+£2.0 75.1£2.2 75.0+2.0
German 75.24+2.3 74.942.2 74.442.1 74.24+2.3

Heart 83.9+3.3 84.1+3.2 83.91+3.2 83.8+£3.2
Image 96.3+0.7 95.8£0.8 97.0£0.6 97.0£0.7
Ringnorm 96.6+0.3 96.3+0.5 98.2+0.2 98.340.2
F. solar 65.8+1.8 66.3+1.8 66.5+1.6 66.3+1.9
Splice 88.940.6 88.2+0.7 89.0+0.5 88.5+0.6

Thyroid 95.3+2.3 95.1+2.4 96.2+1.9 96.2+1.8

Titanic 77.0+1.5 76.7+1.7 77.3+0.3 77.1£0.9
Twonorm 97.6+0.1 97.6+0.1 97.7+0.1 97.6+0.1
Waveform 89.84+0.5 89.8+0.6 90.0+0.5 89.940.6

4.3.6 KSMO SvMOOOOOOO

0470000000 SVMO KSMOOOOOOOOOOOOODODOO SSLS-SVM
0O SSLp-svMOUOOOOO (%) 0O0O0O0O0O0O0OO0. 000,0000000000
gooooOoOooObOOooOooooog,svMoooooooOooooOoD (OO
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00. 00, “vs KSM”7, “vs SVM” 00000 KSM, SVMOOOOOOO0O0000
«000000000)0(M000000000)0(000000000) 000,

200000

20000000, SSLS-SVM (P) 0D KSMOOOO8O0UOOOOOOOOOO
googbooogoob,sgoboboobobooobobooobobooobobo. o
0000000000000 0O0O0000O0OO00ooDOO0, WelchO ¢tO00 (OO
0005%)00000000000000000. 0000, SSLS-SVM (P) O KSM
Ooo0z20000000000000DOO00O0DO. SVYMODOOO2000D
gboooboboboobobooo,200b00b0oboboboboobong
obooooo. oboboobo,0bobboobobobooboboooboobOobo
ugoo.

SSLS-SVM (Ab) 0 KSMOOOOD 1000000000000000O0O000O0OO
go,10b00bgoboooboobooboobooboob.ooboobooo
O000000000000O00000000, SSLS-SVM (Ab) O KSMOOOOO
ooobooooooooooooboooo.ob,svMoooooroooooooo
gboboboooobobooooboboobooo,1bboooboboobooboooooboooo
ooooOoOo.0obsvMOOoOOoOOsS000000000000O000DOOO0,500
gbobobobobobobobobobOo. oo 20b0b00bDO0bDODO
00000000 SSLS-SVM (Ab) 0 SVMUOOO,00000000000000
goboogboooon.

SSLP-SVM (N) O KSMOUOOO 700000000000000O0000OOO0O
o,igoogobogooooooobooooboooboob. oooooogoo B
cancer 000000 German OO OO OOO0ODOOODOOOODOOOOOODO,O
000000000000o0oo0oooOoO0. ooooo, SSLP-SVM (N) O KSM OO
O0o0ooOooOdOooDooogooobO. SsvMODOoOOoO200000000000DO
goooboboob,2000b00ooboboobooboboobooDb. o
gooo,bo0boboboboboboboboboobobooboo.

gbooaoo

00000000, SSLS-SVM (P)O KSMOOOO,0000000000000
oooooooooooo.boooooo,svMOooooooooooboooo
OO00o0ooOo0oOOoO0oO0. boobobo SsvMOOoOoDOoooDooDbooDbOoo
O00O000O. 0O, SSLS-SVM (Ab) 0 KSMOOUOO,00000000000
Ooooobooooooo. svMODOOO BloodeellUOODODDOOOOODO
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O00,Ims000000CC0000D0O0O0O0O0DOCOO0O00. NumeralDOOOOODO
O00oo0ooooooooooo,000o01 (%) UoOoO,00000000. 00,
SSLP-SVM (N) 0 KSMOOOO Numeral 0000000000000 OOOOO
0000d0. O00D0o0odooooooogoo SSLp-SsvMOOOoooooOoO
gboboobooo.

ooooogoo,0boo SSs-svMUO KSMOOgooooooooooooog,
SSLS-SVM (Ab) 0O OO0 SVMOOUOOOOOOOOOOODOOOoOOoOoooOO. O
gbooooboobooboooboooboo,bobooooboobo,boboooboonog
goboo3opobooboonobooboobboobon.

047 00D00OD0OO0OOOOOOOODOOOOO () O0O0O0O0O (KSMO SVMOO

oo)
Data SVM KSM | SSLS-SVM SSLP-SVM
‘ ‘ | (A) [ (P) [ @b ] (P) [ ()
Banana 89.3+£0.5 | 88.6+0.6 88.9+0.6 89.3+£0.4 | *89.5+£0.4 | 89.0+.06 89.3£0.5
B. cancer 72.4+4.6 | *75.1+4.4 | *75.1+4.4 | *75.1+4.2 | *75.0+4.1 | *73.3+4.6 | 68.6+4.7
Diabetes 76.3+1.8 | 73.5+1.8 72.0+2.3 75.2+2.0 75.1+2.2 73.5+2.0 74.7+2.0
German 76.2+2.2 | 75.14+2.2 73.842.2 75.2+2.3 74.4%+2.1 70.9+6.6 71.1+2.3
Heart 83.7+3.4 | 82.4%+3.6 82.6+£3.7 | *83.943.3 | *83.9+3.2 | 83.1+3.8 | *84.0+3.4
Image 97.3+£0.4 | 96.3+0.6 95.4+0.6 96.3+0.7 97.0+0.6 95.1£1.0 95.7+£0.9
Ringnorm 97.840.3 | 76.6+11.2 | 97.6+0.3 96.6+£0.3 | *98.2+0.2 | *98.2+0.2 | *98.5+0.1
F. solar 67.6£1.7 | 65.1£1.8 66.9+1.6 65.8+1.8 66.5+1.6 64.7£1.9 66.7£1.8
Splice 89.2+0.7 | 87.4%2.5 86.2+1.0 88.9+0.6 89.0+0.5 88.2£0.6 88.9+0.5
Thyroid 96.1£2.0 | 95.6+2.1 95.4+2.1 95.3£2.3 | *96.2+1.9 | *96.3+2.2 | 95.4+2.7
Titanic 77.241.1 | 77.3+0.6 76.9+1.0 77.0+£1.5 | *77.3+£0.3 | 76.8+1.1 76.9+1.0
Twonorm 97.6+£0.1 | 97.6+0.1 | *97.7+0.1 | 97.6+0.1 | *97.7+0.1 | 97.6+0.2 97.6+£0.1
Waveform | 90.0+£0.4 | 88.5+0.6 89.1+0.8 89.8+0.5 90.0+0.5 89.3£0.7 89.5+0.6
Iris 97.3 93.3 96.0 96.0 97.3 90.7 90.7
Numeral 99.6 99.0 99.4 99.3 99.5 99.3 99.3
Blood cell 92.9 91.3 92.9 91.5 *93.0 - -
Hiragana-50 98.9 95.3 95.5 96.7 95.8 — —
vs KSM_ [ 1412 | - [ 1016 | 12:3:2 [ 1412 [ 726 | 8:1:6
vs SVM___ | - [ 214 [ 2114 [ 20233 | 827 | 311 | 3:1:1
4.4 0OU

oogooss-svMoooooooooooooooooooooooobooooo
o0ooOO0o0o0O0o0oOO0bOOoO0. Obooboooboooo,ss-svMooooooooo
gobooobooobooobooobo,o0obboobboobbooboboo
gobooooboob. ooboobo,bobooboboooboboobob. bo
oo,bo0b0bo0boboboboo 200000000, 10b0b0boboboOoDbo
ugoboo. 2000000000000 0000O000ObOO000O0bOO0bDDbOOn
O.000,SSLp-SsvMOO0O0O0OO0OOCOODOODOODOOOOOO,00000D
OO0000D0OD0O0. 00,000000000 SSLS-SVM, SSL2-SvMOOO0oO0o
ooooooooo,SSL2-svMooooooooooooooooooo. ooo
O SSLs-SsvMOOOooOoooooooooooooo.
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oooboooOoOo,00ooobo0ooDob0OoooDboOoOooDog SSLs-svMO
ooooobooooo,0booooobobooooooposvMbOboOoooooDo
0000ooooO0.0oo00,000000g0gogo SSLs-svMO0O, 300 SSLS-SVM
gooboooboboogb. bbooob,bbooobbooobboooboo
o0 SsLSs-svMuooooooooooopoooo. bogoo,oooobogooon
oooooOOooboooooooOoob.oo,0bDoSsLe-svMOoooooogoon
uboboooboobooobooboboboooboboobobooobooboo.bono,0no
000000000000 0DO00DOO0bO0O0DO0O0OO0OOOODg SSLS-SsvM O
obooobooooobobobob. oboboobobooboboo,boboobobobo
O0oooOooooooooOooooo. oo, KpCAODOQOOOOOODDOODO
ooooss-svMOOooooooooooooooooooo,oooobooooo
gboboooboobboobooooboo. gobooobooboboobooooboog
OO000.00000,000000000000000SSsvMOO0O0O00O0O0O
ODoo0O00svMOOoOooooooooooooooo,00oooboooooon
gooag.
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5 0

googuo

5.1 OO

000000000 (KSM: Kernel Subspace Method)!'®» ) 0000000000
00000000000 (SS-SVM: Subspace-Based Support Vector Machine)?% 24)
00,00000000000000000000000000000000000
000,00000000000000000003%0000,00000000
000000000000000. 00000,0000000000000000
000000000000000. 000000,000000000000000
00000000000,0000000000000,0000000000000
00000000.00000000000000000 (KPCA: Kernel Principal
Component Analysis)'® ') 000000,0000000000000000000
J0d0d00d0000000000000000000oooooooooooog
000000000000. 00000,0000000000000000000
oooooog.

gbo,bo0bobooobboobboobboobboobboooboboonboobag
0000000 (CRSM: Cone Restricted Subspace Method)'™® 00000000,
CRSMUOO,000000O0O000DOO0O0bOOO0O0DOOO00ODOOObODOOObDOOO
uboooboooboo. oo, oobobobobooboo,ooboooboooono
uooboooobbooobobooobobooob. booobob,boo0obboo
gbobooboobboobooobooboobboobooobo.goboo
0000000 Y0000000000000000000000. 0000, 00
ugbbodbbooboboobboobbuoobb,oooboobboaboboao
ub,00boooboboobooboboob.ogboboobooboooooboon.

0000000,00000000000000,S8s-SsvMO000 200000
00022000000, 1000,000 KSM,SS-SvMOO0O0O00000O0Od
0000000000000000000000000000000O0O0Ooooon
00D0000,000000000000%»000.00000000000000
000000000000000000000000,0000000000000
0000000000000 000000000000O0O0O0O0ONONONONOoooOn
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0o0o0ooooooodooogoo. 2000, 0000000000O00O00O00O0O
0000000 (ES-SVM: Empirical Subspace-Based Support Vector Machine)%)
doo.do,CRSMO0O00O0OO0OO0OOO0OOO0DOOoo0bOOoooboOooooooag,
CRSMOODO0D0OO0ODOOD0DOODOODO0DOODO0O0OO0DOODOoO0DOoDOoooDag
000 SsSs-SsvMOoOoOooooooooo. oo0ooo,000000000o00on
goooooooobooooboooboooboboooboooooo. goo, o
0oo0o0ooooooooooooooooobooooooooooooooon
000000000000 000O0O0o0on (ESM: Empirical Subspace Method) O O
0. ES-SVMODO,SS-SVMOOOD ESMOOOOO0OOOO0O0ODODOOO00O0OO
goobbooogooobbooooooobooooooobbouooooo
O0. 0obogoooo,sSs-svMiOooooooboooooooobooooooa
Oo00.00b0  CRSMOOOODOODOODDOOODOOODOOOOOO,00o00Oa0
N A A I

5.2 UOU0OOUOobuobobooboboobouoood

00,SS-SVMOO00000000000000,000000000000000
00000,00000000000000000000.00000,000000
0000000000000000000. 000000,00000000000
0,0000000000000000000,00000000000000000
0000000. 000000000000000,00000000000000
00000000,00000000000000
000,SS-SVMOOOOO0O000000000000000000000000
000000000000000000000000000000. $$-SsvMO00
000000000000000000000000000000000000000
000000000000000000. 0000,00000000000000
D00000000000000.000,0000000000000000,00
00000000000000000000000000000000000000
0000000000000000000. 00000,000000000000
00000000000000000000000000000.

0000 h(x)000000000000000 hy(x)000, hy(x)0

hi(x) = (H iy, ), s H ity %)) (5.1)

000.000,N0000:000000000000000000000, x4,(ik; €
X, j=1,...,N;) 000000000000 00O0ODO. O (2140000000
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onli=1,.n k=1,.,,,)000000000.

ngggfn@ahf@w¢m::&k¢£ (52)
goodbo,dbodboobgooboboboooo vy x N, OOoooobogooobo
ogooooon.

000000,0000 (222) 0000 h(x)0 hy(x)000000000,000
ggoooooooboobob. bObsl1bbbbooodd. booodog «0bon
ubobooboo0 g, 00000000, g, x0bgg 0000000
000000000, gx), h(x) 0 ¢, 000000000 o,/ 000. 0000,
g(x)0000i0000000000000000,0000 (2:22) 0000 h(x)
0Oh(x)D00000000 a#d/000.0000,0(x) 0000000000
O000000g(x)0000:0000000000000000O0ODOOOOOOO
ugoooobobbobbobotbodooooooooooooo.

0]
Empirical feature space for class i

051 000000000

O00gx) D000 +000000000000C0ODOOOOOO.
o (pTe(x)? (il e(x))?
fi(x) = —20 . (5.3)
leill?llg(x)[* sl *H (%, %)
DDD(,ogljgoiljDDDDDDDDDDDDDDDDDDDDDD.DDDhi(X)D
odd.00o00oo0ooooo

/

L M)
) = PTG 2

000.g(x)0000:000000000000 hy(x)000,

(5.4)

@i g(x) = ¢, h;(x) (5.5)
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000.00000,0000000000 ||h(x)|?/H(x,x)000,0000
T
_Imi))* [ (e hi(x))? (i, h(x))?
H(x,x) \ leall?hi(x)2" 7 [l 2G|

) ( (plibi(0)? (i hi0)) )T
e llPH(x,%)" " |l |12H (%, %)

fi (X)

gog.
gbobooboooboooood.

gobooog 10

Stepl1l k,~0000000O0O0CO0ODOOODO.:=100000.

Step2 Stepl00000~O00O0O0,0000000000000:0000D0O
ogboobooboogooog.

Step3 Step20000000000COODOODOOODOOD:OO0DOODO
O0000000.0 (5.2)000000:0000000 ;0000 MO
good.

Step4 O0O00i0000~;0Stepl 0000000 x0000000000.
Step5 0 (5.9) 000 fi(x;) (j=1,...,M)00000.00i=n000,00
000000000.00i<n000,i=i+1000 Step2000.

gooo0oO0,0ooo0ooooooooo0ooo KecAOOOOooo,0000
ugboooboooboo. oboo,oobooboboooboboboobooon,obo
OO000O0o00oOo00.0boo,00000O00b0Oo00 KpCcAOOOODOOOD
goobooboogobooooag.

5.3 UuUuooobod

OO0 KSMO SS-SsvMOOOOOOoOooDoOoooooooboooooooo
ugb.0oobboobooobooboooboobobooboobobooboo
gooooobobo. ggbboo,ogbbooobbooobbooobboo
N, i=1,.,n)00000000000O0O0O0O0O0OO0OOOROOODOODODODO
o,Nv;oooooooo,bo0bobobobob.

Oo0d,CRSMOOOCO0OO0OO0ODOOODOOOOOOOODOOODOOOD,b0O0DbODbOO
goobooobboobooboooboboobbuoobboobboobbuoo,0boo
oboobobooooob. 000,00 xgb00oo0o0o0oboboboooobobo
obobobobog.gs2b020020000000000000O00O0O0O0O. e,
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000000001, 0002000000000000000,0000000O0
gbobooobooboooboob. oo, o0bbooobobooobobooooog
gboooobobobooooboboboo. oo, goboooobobobooon
g, ggbbooobobuooobboobbbooobbbooobob. boooboboog
gbobogooooooobobobobo,bobooooboobobobgonDo
gobodbo.bod, agtbgooboooobgogoaboo,gs20b0000a0 2d
uobobo. ggbbooo 20000b0b0000bo,bboooboboan 200
gooboobooooboobgooon.
gbooobooobooobooboobooboobooobobobobobobobob
goooboooboo.boob,0booboobobbobbob,0oboobd
gooOooOoOoOoOoOoOoOoOoOoOODDOOoOO.OoocCcRSMOOODODODODDO x
O0000:00000000000000000 p(x)00000 Dy(x)000.

D,(x) = fi(x) = arcsin (\/min l|x — Z Ozinj||2/HX||) (5.7)

;i >0
ij= JEX;

uod,q; 0000000 x; 000000000,

A

O 52 CRSMOOOOO

uooooo,bboooboooobobooobobooboboooboboobobooonon
gobh,0000b0b00.0b0o0obooobooboooo,0bobboboobo
0000 Di(x)=0000.0000,0530000,0000000000000
gboobooooobgoobooob. oboboobobooo,0boboobobo
ugbbooboobboobooobooboobboobooobuoo.oboo



88 Us0 bDOoboooo

go,boobobooboobbog,bboooboobboooboa.

O 53 CRSMOOOO

00,000000 Di(x) 0000000000000 OoOOOOoOoOoDoOOO
goboooboooobo.gboboo,boooboobooobooboooboobon.

54 U0O0OOLO0OODOOOOOOOOOUOOOOOnO

ooooooooooooogboobooboobo. booecrsMOOOonDOoOo
Ss-SsvMOOOO0DOOOO0oOOoOoOooooOoooooOoOoobooOooboooooooo
O0ooooooooD ESMOOCOO. O0O,ESMO SS-SvMOODOO SsvMOODO
000000000000 0D0OO000000 ES-SsvMOoOooOd.

0000000000000 0000000000000000000 g(x)O00O
gobodoboooobooboobooboob. bboobooboooboooboo
oooOoOoooOooogoooooo,sssvMoooooooooooooobooo
gobooboobbooboobooobooboooboooo.

D e 53)
jex, lls(x ||||g(xz] H 1 I8G g (xi;)ll
000,0000000000000x000000000 |lgx)|=vHXx)OO

0000000000000.00000 f5(x) 0

(x) = H(X,Xil) H(X’Xi\XiI) )T
Heo = <||g<x>ru|g<xi1>||"“’ ESIIEE (5.9)
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00O000,000000 (223)0000000. 00000 w;;0SVMOOOO
gobooooboooboooboooboo,obboooboboooboobooobooo
o000d. 0odbO,00b0b0b0O0oooogo,CRSMOOOOOOOoOOOD
gobodoboooob. booboobboobboooboobboobobOooboo
gooooooobobo,0ooobooboboooboobob.bob,b0boooo
0000000000 000O0O0 (.8) 00000000 DODOO0OO N; (i=1,..,n)
Doooouooin xgg, j=1,.,N,)000O0OOODODODOOODOOOOOO.

) — N wiH(x, Xik;)
Db = Z &G, ) (5.10)
gooo,0noon
(%) = H(x, Xk, ) H(x, Xiky, ) )T
neo = (Hg(xnmg(xikl)n""’ ERIEETSI (5.11)

goooooooo. ooggo,oood XjDDDDDDyj(Xj)DDDDDDDDDD
0 Di(x;)i#y;) 0000000000000 00OODOO,00000000000
(SVM: Support Vector Machine)> &7 0000000000000 000000OO
Oo0oOSss-SsvMOO0O0O0o0o0o0o0oooooooo. SS-svMOoOOooDooO0 SVM
O000000000000000D0oooOoO0O (LS-SVM: Least Squares Support
Vector Machine) 000 0000000000000 (LP-SVM: Linear Programming
Support Vector Machine) 00 00O . 00, 000000000000000000OCO
LS-SVM (ESLS-SVM: Empirical Subspace-Based Support Vector Machine), 0 O O
00000000 LP-SVM (ESLP-SVM: Empirical Subspace-Based Support Vector
Machine) 00 0O. OO0, ESLP-SVMOOOOOOOO 4000000000000.
O000,L200000000000 (L2-SVM: L2 Support Vector Machine) O O O
ooodoo,ES-SVvMOO0OO0OD0DO00ODOO0O0OO0ODOOODOOOO0DOOO0ODOOOOOd
00000000,40000000000000000000000 SSLP-SVM O
000 Lp-SVMOOOODODOOOODOOOOOODODOODOODOOODOODO. O
O0,00000000 ESLS-SVMO ESLS-SVM (P), 000000000000 0O0O0
0000 ESLS-SVM O ESLS-SVM (Ab) 0O O.

5.5 UUoon

000000000000 23gooo00o0oo00o,00onononoooo
00000000000D00000000000000SssS-svMOO0ooooooo
0000D0.00,ES-SVMO0O0O00D0O0OO SS-svMOOOOODOO0OO0OO0OO00O00
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ggbboooobobdoooobobooobogo. oob,bbooobbooobog
oo0obOOo0o0o0oboOoOoOoooooOoobooOoobooOogoss-svMooooo
gobooboooobooon.

5.5.1 UU0OO0OO0OOOOO0ODLDODOOOOODO

gsl1bo0pobobog,0dgobboooboboooobboooobboooobon
Oo0o0oooo0oOoooooOoOooooboOooooboOoOo KpcAOOODOOOO
goooooooooooOoOooooooocooOoooooD.ooo «“Alrogoog
oo0oDoOoOO00ob,000000bOo00bOooooDoOn, “«Class” DOOODOO
goboobooooboobooooog.

200000

20000000, bobboboobobooboobobboboboo. bo
ImageO0O0DO0OO0OO Splice000000DOOOODODOOOODOOODODOOOOO
goboooboooboooboo,0bbooboooboooboooboo
goooo.

gooooo

ogpooboooo,bboooboboobobooobobooooboboooboog. o
O, Numeral 00 OD0O0OO0O0ODO0OOODODOODODODOODODODODODODODO
gobobooooobgoooobobo. obob,00b00oboboo0obobobobo
ugb,gbogboobodgbgobooo.bobooboobooboaobogan, g
uboboooobooobooboboobobuoobobog,obooobooooobooo
gooooon.
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051 0000 (s)000
Data ‘ All ‘ Class
Banana 0.60 | 0.13
B. cancer 0.08 0.01
Diabetes 0.91 0.12

German 2.80 | 0.58
Heart 0.05 | 0.01
Image 20.4 1.02

Ringnorm 0.67 | 0.09

F. solar 1.10 | 0.51
Splice 9.12 | 0.89

Thyroid 0.01 | 0.01

Titanic 0.01 | 0.01

Twonorm 0.56 0.19
Waveform 0.71 0.14

Iris 0.01 0.01
Numeral 39.8 0.19
Blood cell 259 2.81

Hiragana-50 913 6.03
Hiragana-105 | 2513 | 45.1
Hiragana-13 | 1937 | 20.7

5.5.2 UU0O0OO0OOOOOO0OLODODOOOObLObOOOObLOD

ESLS-SVM (P), ESLS-SVM (Ab), ESLP-SVMO 000000000 40000
000000000000000000000000000000000. 0520
000000000000000.000,00000000000 ESLP-SVMOO
0000000000000000000,Iis000000, Numeral 100000
00000000. 000, ESLS-SVM (P) O ESLS-SVM (Ab) 000000000
000000 Hiragana-105 000 000 0 Hiragana-130 00000000000
000000,00000000000.

0 5.30 ESLS-SVM (P), ESLS-SVM (Ab), ESLP-SVM O O0O000000000
0000000000000000. 000,00000000000000000
0000000,200000000000 400 SSLS-SVM (P), SSLS-SVM (Ab),
SSLP-SVM (N) 00000000000, WelchD t+00 (000005%) 0000
00000000000000000000000000000000000000
ESLS-SVM (P), ESLS-SVM (Ab), ESLP-SVMOO0000000000 (%), 00
00000000000000000 (A)DOOoO.
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O 5.2 ES-SvMODOOO0OO0O00DO

Data ESLS-SVM (P) | ESLS-SVM (Ab) | ESLP-SVM
v C 0% C T 0% C

Banana 3 10 1.5 500 10™° | 0.5 100
B. cancer 1 1073 0.05 107* 107° | 0.1 1
Diabetes | 0.01 500 0.01 500 107% | 0.01 10
German 5 1 5 10  107° | 0.05 1
Heart 0.1 1 0.01 100 107° | 0.1 1

Image 5 5 x 10° 5 500 107° | 0.5 1000
Ringnorm 1 10 1 10 107% | 0.1 1
F. solar 0.1 10 0.1 10 107%] 05 1
Splice 1.5 100 1 10 107%] 05 50
Thyroid 1 10 1 10 10°° 1 10
Titanic 1.5 1073 15 107* 10°¢ 1 1
Twonorm 1.5 0.1 0.5 1 107° | 0.05 1
Waveform 1.5 1 1.5 1 107% | 1.5 1
Iris 15 1 3 100 10™° | 0.5 500
Numeral 50 1 15 1000 107¢ | 1 103
Blood cell | 500 103 50 104 107% | - -
Hiragana-50 | 50 108 100 10* 107 | - -

200000

2000000000 ESLS-SVM (P) 0 SSLS-SVM (P) 000 60000000
00000000000,50000000000000000000000000.
00000,0000000000,ESLS-SVMO SSLS-SVMOOO00000000
0000000, 00 ESLS-SVM (Ab) O SSLS-SVM (Ab) 0000 1000000
00000000000000000000.000000000000000000
0,00000000300000000000 Twonorm 000000 Waveform
0000000000000000,000000000000000000000
00000. 0000 ESLS-SVMOOOO0O00SSLS-SVMOOO, 0000000
000000000000000. 00, ESLS-SVM (Ab) 0 10000000000
00000000000000,0000ES-SVMO00000000000000
oo.

00, ESLP-SVMO SSLP-SVM (N) 00000 100000000000000
0000000,60000000000000000000000000. 0000,
ESLP-SVM O SSLP-SVM (N) 000,0000000000000

ESLS-SVMO P) O ESLS-SVM (Ab), ESLP-SVMOOOO00000000000
SSLS-SVM (P), SSLS-SVM (Ab), SSLP-SVM (N) 000 000000000000
00oooooo.
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gbooooo

00000000 ESLS-SVM (P) O SSLS-SVM (P) 0000200000000
000000000000,0000000000000000000000000.
0000,0000000000 ESLS-SVM (P) O SSLS-SVM (P) 0000000
00000000, OO0, ESLS-SVM (Ab) O SSLS-SVM (Ab) 0000 10000
000000000000000000000.000000,0000000000
000000000 SSLS-SVM (Ab) 0000D0000000. 0000,0000
0000000 ESLS-SVM (Ab) O SSLS-SVM (Ab) 000,0000000000
0.00,ESLP-SVMO SSLP-SVM (N) 00000000,00000000000
0ooo0O0O0O0O0O00000.

053 ES-SVMOOOOO00000O00000O00 (%) 00000
Data ESLS-SVM (P) | ESLS-SVM (Ab) | ESLP-SVM

Banana *89.5+0.4 £89.5+0.4 89.140.5
B. cancer £73.944.7 4741445 £69.0+4.5
Diabetes £75.042.0 £75.0+2.0 £75.04+2.1
German 74.342.1 A74.742.5 A71.6+2.5
Heart £84.0+3.3 £84.0.43.2 £84.5+3.1
Image *06.8+0.5 £97.0+0.6 £95.84-0.6
Ringnorm *06.840.4 96.7+0.4 98.0+0.3
F. solar *66.541.5 £66.5+1.6 *67.2+1.7
Splice £89.1+0.7 £89.140.6 87.740.9
Thyroid *95.941.9 £96.0+2.0 £94.942.3
Titanic *77.3+0.4 A77.340.3 76.3+2.1
Twonorm £97.640.1 97.6+0.1 97.3+0.2
Waveform 89.7+0.5 89.8+0.5 88.8+0.7
Iris 96.0 96.0 *93.3
Numeral 99.3 99.3 *99.8
Blood cell *92.6 92.6 -
Hiragana-50 *96.8 *98.0 -

5.5.3 ES-SvMUOOOOOOODOODOO

0 5.4 0 SSLS-SVM (P), SSLS-SVM (Ab), ESLS-SVM (P), ESLS-SVM (Ab),
SSLP-SVM (N), ESLP-SVMO 00000000000 1000000000000
00000000000000000000 ()0000000. 000, Iis000
00000000,0000000000000000000. 0000 SS-SVMO
0ES-SVMOOO0O0OO0D,000000000000000000 “SVM’0000
0.000,SSLS-SVM (Ab) 000 SSLS (Ab) 00 0.
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200000

20000000, ESLS-SVM (P), ESLS-SVM (Ab) O SSLS-SVM (P), SSLS-SVM
(Ab) D0OOO0OO0OO0O0O0O0OOOOOOOODOOOOOOOOOO0. DODOoOooo-
00000000000 0000 GermanOOOOODO, Image0O0O0ODO 0O, Splice
DDDDDDDDDDDDDDDDD%DDDDDDDD,DDDDDDDDDDDD
O0000oOoooo. ESLP-SVMOOOOO SSLP-SVM (N)oOoOoooooono
0000000000000 0000000000. 000000, Image00000
00 Splice0 0000000000 OOOOOOOODOOSSLP-SVMOODOODOO
O00000000. 000000000000 0000000000000000
O0oooooooooooooooooon.

gooooo

Oooooooo,0o0oo0ES-SSsvMOO0OOO00 SSs-svMOoooooooooo
ub.ooo,2000b0b000b0b00oboobooooboooobooboo. obog,booo
gbooobooboobooboobuoobooboobooboobooboon
gboobooooobobooob. obgbo,00boboobooboboobobo
gbboobogboooobd.

0 54 SS-SVMO ES-SvMOOOOO (s) 00O

Data | SSLS (P) | SSLS (Ab) | SSLP (N) | ESLS (P) | ESLS (Ab) | ESLP
Banana 0.39 0.39 4.59 0.29 0.29 4.21
B. cancer 0.23 0.23 0.87 0.13 0.12 0.61
Diabetes 0.64 1.33 8.59 0.39 0.57 4.49
German 9.38 9.67 65.4 6.45 6.51 32.2

Heart 0.13 0.13 0.55 0.09 0.09 0.46

Image 53.1 46.6 406 36.1 39.8 624
Ringnorm 1.76 1.78 11.9 1.25 1.26 4.5
F. solar 1.24 1.25 19.9 0.87 0.98 145

Splice 26.7 25.9 208 18.7 19.2 538
Thyroid 0.08 0.06 0.19 0.05 0.05 0.0.9
Titanic 0.02 0.02 0.18 0.02 0.02 0.09
Twonorm 1.73 1.73 9.34 1.24 1.25 2.79
Waveform 1.92 1.86 11.2 1.31 1.21 5.91
Numeral 1.13 0.56 162 1.10 0.55 160
Blood cell 109 62.3 - 79.3 60.8 -

Hiragana-50 104 121 - 92 82 -
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5.6 00O

oooo,SSs-svMOodOoOoOoOooOooooooooooooogo20000.1
ggbo,boobooobbooobooobboobbooobbooobbooboo
gbogogooooooooboboboboobooooobob,0bobobobo
gbbooobbooobbooobobooobobooobobooo. oo,bobd
gboboobooboooboboobooboboobo. 2000,000000000
0000000000000 0DO00DOO00oDOOo0oDOOoOoDOoOo CcRSMOOOO
00000 ES-SVMOOO. OO0O0O0O0 KPCADOOODOOOOOOOODOOO
go,0o0boobogboobooooooobooboooooboo,oboooboo
gbbooboobouooboobobbooboobooobooobooboobo.boaog,
gogboboooobobooooobo,ooboboboooboboooooboboooboo. oo
0,0000000000SS-SsvMOO0O000DOO00DOOoO0Ooo0ooboOoooDo
gboobogoobooooooobobobobobooo,0oobo0obobobobo
g.gboo,gbooobbooboab,guobooobuoobooobodabo. bd
oo,Lp-SVMOOOOOOOO4000000000D000DOOODOOODO.

gooboooobo,goboooboooboooboooboboooboooobon
goooooooooooboOoOoOoOoOboOooOoOOoOoDOODO. OO ES-syMOO
ss-svMOOooooooobooobooooooooooboooooooooboobooo
gobooogboo,oboobbooooooboon.
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L 6 0

Jooogoouoogod

6.1 OO

O000000O0OD0O0O0ODODDODODOODOOO (SS-SVM: Subspace-Based Support
Vector Machine)?*» 29 00, 000000000000000000000000O0
000000000000 (SVM: Support Vector Machine)> &7 0000000
000000000000000. D0o000,000000000 (KSM: Kernel
Subspace Method)!® ¥ 00000000000, D00O0O0O, KSMO SS-SVM
00000000000 ®Po000000000000000nonoonoooooad
000000000, 000,000000000000000000000000
000 (RBF: Radial Basis Function) 000 000000. 000,0000000
00 (KPCA: Kernel Principal Component Analysis)!% Wgooo,00o0o0o00
000000,0000000000000000000000.0000,000A0
OO0 SvMOOOoooooooo. 000000, 000000000000000
000000000, 000000o0o0oo0ooooooooooooooog
O0o0o0ooo0ooooooooooooo. 00,00000000000000
0000000000000 0000000000000000000000000
O000000. 00000000 0000000000000000OD000000d
00 (SSLS-SVM: Subspace-Based Least Squares Support Vector Machine)?® 26) g
O0000,000000000000000000000000 COo00oooon
O000~0000D000O0,0000100000000000000 10x10=100
000000000000 10000000 s500000000000.

0000000, 0000000000000 oDoooooooooogoong
00000000000000000000 SVM (MNS-SVM: Multiple Nonlinear
Subspace-Based Support Vector Machine) D00 O00O. 0000, 00000000
00000000000 000000000000,0000 KPCAODOOOOOD
O000ooooooo. 0000, 0000000 oo0ooo0ooooooo. og
00ooooooOo,0000000o0oooo0o0ooooo0o0. ogooooon
0000000000000 0ooo0o0oooooooo0oooooooooonDo
000. 000,000000000000000000000D00000000A0
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gooooboo. oo, 0o ooobouoooboooo
goooooooooooooo. bgooooooooooooooooooon
goooooooooooooooooooooooobo,0onpooooooooo
ss-svMOO0O000ododododooo. ogdooo,0pooo0oooooan
0000000000000.00000,0000000000000000000
gobooooobooooooooooobo. onooooooooooooooooo
goooooooooooooooooo,booboooooooooooooon
0000000000000 10000000 Ss000bouUoooobo.ogoo
000000000000 00000000ODODO0O0O000. 0DO,0000000
goboooobooooobgooob, oo buooobooon
gooo,0gdoooooboooogooob. ogooooooooog,goo
000000000000 (LS-SVM: Least Squares Support Vector Machine)™ 21
O000000000000o0oOO LS-SVM (MNSLS-SVM: Multiple Nonlinear
Subspace-Based Least Squares Support Vector Machine) 00 4000000000
Doooo »290p000.

6.2 JUOUOODDODOOOOOOOOOOOOOObObOOOn

KSMOOOSS-SvMOO,0000000000000000O,00000004d
000o0o00oooooobo. 0o0ooboo,0b0bbo00boo0booboooooboon
goboooobobooooboooobbuo. ooooobooooooooo
oooooooooooooodoooooooobo,goooooooooooon
O0000.000000000000000000000 (MNSM: Multiple Nolinear
Subspace Method) O0O0O. 0 6.10,900 RBFOOOOOOOOO ~v={1,...,9}
o000, 0000do00o0oo0dooooooooooo MNSOODODOooOoOo. ooad
00100000 nO000O0OO0D0O0O 0000000 DOO0O0O0O0ODODO0O0O0O0
00000 KPCAOUOOODOOD. ODOO,0D000000000O0O0O0OO0OOO0
dodddoooooooo.0ooooooooooooooooooo,0ooooa
0oooooooboooooo. oo, 00000000 ooooboooooon.
000 w;(i=1,..,n,j=1,.,90000i0000,;000000000000
dooodobooobooobOooboooooo, s;oooo«:00o000ooa
goooo. ooboo,00obobooooooooooooooooooooon
0. 000go,0oobdodooobooooooooooooog,ogoo
Joooooooobobobooodoooooooooooo.

ugbogbuogbogbuogbuoobuoobuooboobobbobboboab
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Class 1 Class n

Subspace Subspace
r=1 r=1 W

Subspace Subspace | |,

= = 7

Subspace
r=3

Subspace
r=3

Subspace Subspace
r=9 =9

g 6.1 0b0bOooooooo

000,00000000000000D000. 00000000 Sss-svMOoogod
gobooboooooooooooooooooogooo svyMuoooooo. o
gob,boobooobboobobuoobboobboooboobboobboao
goooood.

mO00000000x02000000000,0000000 KOOOOOO

000000000,k00000000000000000000000 gg(x)O
00/0000000x00000.0000,M00000000 xi(j=1,..,M)
00000004000000000 rg,000 ¢y (2=1,..,7p) 00000000
00000000. 000000,0000000000000000000000
00000.000,000000000000,4000000000000000
000000040 N 0ODOOOOOOOO xg, (j=1,..,N3) 00000000
0ON0O00000003300000. 00000 He(x,x) =gl (x)gp(x’) 00
00,000000000000 h(x)0DOODOODOODOOOO

T
hig () = (He (i, ), -, Hi(Kity,, %)) (6.1)

ugbooo,0ooboboooboboooboboobboooobobo. booobooboao
goooooogoo.

> hi () hir (X )i, = Aik. Pir. (6.2)
JEX;

000, e, A\, 00000 KO000000O0O0O0O0O0O0OOOOOOOO0O0O 0
oon zDDDDDDDDD,DDDDDD,)\M>~-->)\ikrikDDDDDDDDD
uo.
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00,k0000000000000000000000¢00000000 ri00
00000 x0000,00000000000 a(r)0000000000000
T
amwzg%%ﬁﬁ (6.3)
258 Aik;
000, a(rs—1)<k<a(rg) 000000 r 0000000000000, OO
0000000000000000000000.
0D00+000 S(x)0000:0000000000000000 (00O00,0
000000)0000000000000000000000000000, 00

DO00000.
& (e hi(x)?
o 2 e P llee(x)]1?

(6.4)

odb,wx 0D EOO0DOOOO0ODOOOOODOOOOODOOOO0.0D0000DO
ooooopoooob. w0 SVMOOOOOOOODOOOOOODOOOOOOOO
O.SsvMOOO0OO0OO0O0O0OO0O0OO0O00O00OO0OODO0OO0 fi(x)0oooDoo0o.

T
£ (x) gi(¢ah (x))? Sf (pix hir (x))? (6.5)
Z e, Pl ()1 = H%KHMM@W '
0000D0,0(64)000000000000000000.
Si(x) = wi fi(x) (6.6)

000, w; = (w,..,wx) 000. 00000 SVYMOO0O00000000000OO
0000,SVMOOOOOOOO00O0OC0OO0O0O00.000,000000000000
0000000000000000000000000000000,000000
0000000000000000000000.000,000000000000
000000000000000000000000000000000 MNS-SVM
00000.0000,0000SVMOOO0O00 LS-SVMOOO, MNSLS-SVM O
og.

000 MNSLS-SVMOOOO fi(x) 0000000000000 0OOOO.

gooboobod 11

Stepl 000 KOOOOOOOOOOOO y={y,...yx}000. &=299(%),
k=1000.

Step2 wUOUO0OOOO0OO0OOO0OOOOOOOODOOOOOODOODOOOOO
gooo.
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Step3 Step2000000000000O0O0ODOOO (6.1)0000,0004((i=
1,.,n) J000000000000000 hy(x)OOOOO.

Step4 0 (62)00000i(i=1,...n) 0 @y, \i. (z=1,..,Ny) 00D 0.
Step 5 xO000000,000:00000000r00000.k=K0O0OO,
Step 7000.0000000,k=k+1000 Step2000.

Step 6 00OD0DO0O0OO0OO0OOODOODOOODOOOOO x4(j=1,...,M)0
O0ooOoooo (6.5 00000.

6.3 UL

00000000,2000000000000000 2390000 MNSLS-SVM
000000 KSMOOODO,000000000000.00,S8s-SsvMO0000
0000000000 SSLS-SVM (Ab) 00000, 0000000000. 00,0
D00000000D0000D00 SSLS-SVM (Ab) 0000000000, 0000
000000000000000000000000.

6.3.1 0O0O0OO0OOOO

OOoooO0oOOo0ooboOo,000o0oo0ooogoy, c,000b000ObDbOODOO
oro4b00000b0o0obooboboboobobooobDoobDoobOoboDbo
O000000000000. 061 0000000000000 SSLS-SVM (Ab) O
MNS-svMOOOOOoooo.

6.3.2 0O0O0ODOOODO

0620000000000KSMO0O SSLS-SVM (Ab) O MNSLS-SVM O OO 0O
O0o00oOooooo. oooKSMOOOOOOOOoOoOooOOOOoOooooooO
ooob.0bo0ooboooooobboooooooobbooooDoO. OO KsMm
00000000000 MNSLS-SsVMOOGOGOoooooo (vyoooo.

06200,5000000000000 KSMOOOO MNSLS-SVMOOOOO
goog,10b00b0boboobooobooboobobobOobob. 00 Ringnorm
OO00o0ooOoOoOoooKSsMOoOOOoOoooooooboooooooo, SSLS-SvM
(Ab) D0 O0O00O0OD0ODOOCOOOUOO0O0O0OO. DODODO0OO0O,000000000
gogbobooobbooooboboob. obbooooboboooobobooooboobo,od
O000000o0Oo0oUoooooo 100 (%) Do0oUoO0o0O,0000000000DOO0
O.000,KSMO0OO0OO0O0O0O0O0OO0O0O0O0DO0O0DOO 1s00000b00boooon
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0 6.1 MNSLS-SvVMOOOOOOO
Data SSLS-SVM (Ab) MNSLS-SVM
5 C T C T

Banana 1 100 10—6 10—4 10~°
B.cancer | 1.5 107* 107° 1074 107°
Diabetes | 0.05 0.1 1075 1072 1072
German 3 0.1 1076 1073 1076
Heart 0.01 0.01 10°° 1073 10—°
Image 1.5 100 1076 1000 106
Ringnorm | 0.5 1 1075 1074 107°
F.solar | 0.1 1 107° 1072 10°
Splice 1 1 107% | 5x10~* 106
Thyroid | 0.5 50 107° 1072 107°
Titanic 1.5 107* 1076 1072 10-°
Twonorm 1 0.01 107° 1072 10—
Waveform | 1 0.1 107° 1072 10°

000ooOooog, MNSLS-SVMOOOOOOOODOOOOOO0oOOoooDo,000
gobobobobobobobobobobobobobobobobo.boobo
O, Diabetes 00O O0DOOOO0ODOOOOOOOOOOO 15000000,00000
074 %) 0000000000.00000,0000000000DOOO0OOO
goboobogobbooboobooooboooo.

6.3.3 0OUOOUOOOO

0 6.3 0 SSLS-SVM (Ab) O MNSLS-SVMOOOOOOOOOODOOOOOOO
000000000000000 (s)0oo.

06300 MNSLS-SVMOOOOODOOOODOOOOODOOOOODOODO
SSLS-SVM (Ab) 00 000000000000, OO0 Image0 000000 Splice
goooboooboobuooboobuobbobboobobbobobooboonoo
O0.00000000000. SSLS-SVM (Ab) O MNSLS-SVMOOOOOOOO
ugb,0bobooboobobobooboboooooobo,bobobooobo
ugoooo SSLS-SVM(Ab)DDDD,%DDDDDD.DDDD,DDDDDDDD
ggboobooobbooobobuooobbooobbooobbooo. oboob,bo
gboboooobooboboooobgobobobooooobooboboboooDooD
ggbobooobooobuoobbo,oobboobooobboooboboooboo
goo.

gbobodgb,oobuoobboooboobooobooboon.
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062 000000000 OO0DODODODO (%) OODODODOOOO (MNSLS-SVM)

Data KSM SSLS-SVM (Ab) | MNSLS-SVM
Banana 88.6 £ 0.6 89.5+0.4 *88.94+0.6
B. cancer | 75.0 £4.3 75.0+4.1 65.0£5.0
Diabetes | 73.5£1.8 75.14+2.2 *73.7+2.1
German 75.1£2.2 74.4+2.1 72.7+3.1
Heart 80.5+ 3.3 83.9+3.2 *83.4+3.4
Image 96.3 £ 0.6 97.0+0.6 92.0£1.1
Ringnorm | 76.6 +11.2 98.240.2 *98.5+0.1
F. solar 65.1 £ 1.8 66.5+1.6 *65.2+1.7
Splice 87.6 £0.8 89.0+0.5 84.8+1.3
Thyroid 95.6 £ 2.1 96.2+1.9 95.0+2.4
Titanic 76.6 + 1.2 77.3£0.3 76.0£2.1
Twonorm | 97.6 £0.1 97.7+0.1 97.6+0.1
Waveform | 88.5+0.6 90.0£0.5 87.0+1.3

063 0000000000000 (s) 000 (SSLS-SVM (Ab) O MNSLS-SVM)

Data SSLS-SVM (Ab) | MNSLS-SVM
Banana 1730 654
B. cancer 380 176
Diabetes 4524 1314
German 28916 5531
Heart 298 136
Image 175742 19536
Ringnorm 2807 875
F. solar 2244 2161
Splice 93337 10188
Thyroid 146 67
Titanic 80 51
Twonorm 613 324
Waveform 3246 1137
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6.4 0OU

O000,000000000000C0DO0O0OCODOOCOODOOoOoOOnoOn Ss-
SvMOOOOOO0O MNS-SVMOOOOO. OO0OOODODOOO0OO0O0O0000
gboooooobgoobooob,gboooboboooobobobobo. bobo
O,000000000DOo0obooooo,obooKSMOODOoOoOooooooo
U.gbobooobooobbooboobbooboooobooboobboobooo
oOoooOoOoooSSs-SsvMOOoOooOoooooooooooooooooooog.

OO0o00O0O0Oo0,MNS-SVMOOOOOOOOOOOOOooooooooooo
oobooboooooDOOo. ocob KSMOOooooboooboooboooobooo
gbobooooboobobooboooob.oboboo,obobooboooboboonbog
goboboooobooooooo. oo, obboooobbooboboooboboo
O000o00o0oooOo. 0o,ss-svMOO0o0oO0oOooono SSLS-SVM (Ab) oDOO
OoooooooocoOoO.ooo, MNS-SVMOOODoooooooooooo
ugboboooboooboa,obuooobooboboooboooboooboo
uobobooooooobooboooo. oo, bbooobboooboboboobooboo
O0000O0O000DOCOO000bOOOC00O0DOOO00OoDODOOOOOOnD MNS-SVM
0000000000000 0. 00, MNS-SVMOODODOODODOOODOOODOODO
goooobooboboboogobobobooooooboobobbooobooboboooo
gboooag.
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HEN

O00000,000000000 (KSM: Kernel Subspace Method) 0000000
0000000000000000000000O0000O000oO0O0oooOO (SVM:
Support Vector Machine) 00 0000000000000 000O00O0O0OOOOO0O
0000000000 000000 SVM (SS-SVM: Subspace-Based Support Vector
Machine) 0000000 OODOODO, 000000000 SS-SvMOOOOOOO
goooooooooooao.

1000,0000b00000o0boo00oobooboooooooboooo. 2000,
000000 0oDO0o0oOoO0ooOoDoDOoOooOosSsvMOOoOoooooOo,o00o0o00on
gboboboboboobobobooooobooobooooooo.

3000, KSMOOOOOoOooooooooOobOoboboooooooooooo
osSsvMOOOO0OOOoOOoO0OOOoOoOoooOoooogog ss-svMoogdono. SS-SVM
OO0 KSMOODOODOODOOOODOODOO00OO00O0D00000000000000n0d
O000ooooooo.ss-svMoOooopooooooooooooooooodg
0000000000000 0000DDOOOO0000DODoODOOOO (SSLS-SVM:
Subspace-Based Least Squares Support Vector Machine), 00000000000
0000000000000 o0O0, 0000000000 o0oooooooDooog
000000000000 00000000 (SSLP-SVM: Subspace-Based Linear
Programming Support Vector Machine), 00 0 0000000000000 0O0O0O
O000000000000000 200000000000 (SSL2-SVM: Subspace-
Based L2 Support Vector Machine) 0 300 0000000. 0O0O00O0O0OO,00
O0O00O000O0DOOoD0oO0bO KSMODODOODOOoOOooOoooOOo,0000000
Oo0oooooo0oooooooooooooon,00ooooooooooog, o
0000 KSMOODODOOOOO.000,00000S8s-svMOOdOoOo,KSsMOO
0000000000000 00000000000, 0000000000000
O,0000000000000 KSMOOOOOooOOoO,KSMOODO,000000
00000000o0O0oDOO0bOobO0oO0. 0D0b000,KSMOOoOoooooooo
googoooss-svMOOOooOooooooooooooooooooooo. oo,
0000000000000 0oo00ooo0o0ooooooooooooooo
0000000000 o0oo0ooooooooon,000o0o0oooooon
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ggbobooobooo,bboobbooobbooboooboooboooboo
oooooo. ob,0o0o0goo Sss-svMoooo,boooooooooboooon
OO0000oOoooooogoon,SSsLp-SvMOOOOOOOOOOOODOOODO
OO0ooooogooogoo,ss-svMoodooooooooooooooooo
oobooooboooobooooooboo. oo, SSLe-svMuoooooooooon
gbobooobooboboobboooobua,goboooboooboooobooo
OOoDOoOooOo. ob,000o0sssvMOoOoooo svMooooooooooo
OO00,2000000000 SS-SsvMOOO SSL2-SsvMOOOoOOoOooOooooano,
SSLS-SsvMOOOO0OO0OO0oO00oooooo,00000 svMOooooooooooo
oooooooooobooooobbooooobbooo.oo,0oosvMbooooo
OO0O0O0O0O0oDOoOoDoOoOO SssLS-svMuooOod ThyreidOOODOOOODOO.

4000,SS-SsvMOdOoooooooOooooooobooooooooooogoo
O0O00oooogooooo. SSs-SsvMOoOooo KSMOOOoOoOo,00b0000000
gobo,0bbooobooobooobbooobbooobbooobboobbo
Ss-SsvMOopooooooo. oo,ss-svMibooooooooopoooooooooo
gbobobg,ooboooobobobooobdoboboobobooobobob. o
gboo,b00boboooboboobooobooboooboboobo,obobooooboog
gboooooo,bobobobooobobobobobooobobobobon. g
oo,SSLp-SvMOO0000000O0O0O00000O,00 SSL2-svMOO,0000
gobooobou,gobbooobooobboooboooboooboooboo
OoO0,000000000000DO0b0O,000b000DOg SssLSs-svMuoon
O000. 00000 SSLS-SVM O SSLS-SVM (Ab) OO0O. 0D0O00ooooond
OO0O0Ooooss-SsvMOOOoOogSsSS-svMOO4dooooogoo,ogogo SS-SvMm
gboobobobooo,b0oboobooboboboobooobooboooboobobo
ooo0O. 0O, SSLS-SVM (Ab) O, 00 SSLS-SsvMOOOOOO0O0Oooooon
O,00000ocsvMoooooooooooooo,0ooboooboooooo
uooooooo. oo, bo0boboooobboobbooobobooooboboo
gob,dobboooobobooooboboooobo,obbbooobobboo
O,000KSMOO0O30000SSs-SvMOO0O0O0oooooooooooooo
ooboooooooboooboooooboOobD. boboobooo, SSLS-SVM
(Ab) 0000000000000 0D0DU0OO0ODOOO,00D00000000O0,0
OO0 SsvMOOOOOODOOOOOoOoOooOoooooooooo.

5000,SS-SsvMO00O00O0O0O000O000D000,0DO00O0O00DOO0O0nOd
000000000000 0000oooooonO (ES-SVM: Empirical Subspace-
Based Support Vector Machine) 00 000. 000000000000 OO,00
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gooooooboooobooooooooouo,booogobouooooogo
gooooobo,goboooobbooooooooooooobooooooooo
ooo.do,ES-SSsvMO0, 0000000000000 D00DO0DOO0OO00Od
o0, 0000000000000 000000000000, oooooooo
00000000 0ooooooooooooO,000000000.0ooo,000
oo, dgoooooobooooooooobo, bgobooooooooo
O0,00000000000DO0000DO,0b0Oo0boOo0ooo svMoooonoad
0000000D0D0O0OD0D00O0 (LS-SVM: Least Squares Support Vector Machine)
O0000000000000000 (LP-SVM: Linear Programming Support Vector
Machine) OOOOO. OOOOOOOO,000 Ss-svMOOoOoooooooOooOO
goooooSsSs-svMOOOoooOOoobooboooooo,oboboooboooa
O,0000000. 04d,ES-SVMO 400000 SS-SsvMOODOODOOOoOOaOd
0odooooobooooooo, 0o ooooo, goouooooao
000000000O00O0O0O0O0O0O0OO0OO0OO ES-SVMOOODOOODOOODO.O0OOOOO
0,00000000000 LS-SVM (ESLS-SVM: Empirical Subspace-Based Least
Squares Support Vector Machine) 0 SSLS-SVM (Ab) 0000 SVMOOOOODO
goooooooooo,0oogoooooooooooon.

o000, 0000000000000 oooOoO, 0ooooooon
0000000o00oooooooooooooooooooooooooog SsvM
(MNS-SVM: Multiple Nonlinear Subspace-Based Support Vector Machine) O O O
go. gouooo, oo oooooooooogoooa
gooooo,o0onoooooobbodoooooooo,ggoa
0o0ooooobooooo, o000 ooooboooooooo
ooo,SsvMO0OO0O0O000OOoooooooooooooooooooooooon
g, dgouodo. g ooooooouoooogo
000doo0odoOoooooooooooboooo. odboooooo,bono KSM
0000, KSMOOOOOOODoDOOoOoDOOoOooogoooooog,ss-svMooad
0000000000000 SSLS-SVM (Ab) DO0O0OO0O0O,0000000000
000 MNSLS-SVMOODOOOOOOOOO.0DOoooOoo,00b00o0o0ooa
goobooooooooobooooooobobooooooo. booooa,
000000000D0O0O000 SSLS-SVM (Ab) DOoOoOoOooOoOo,0o00000d
ooooooooo, 00000000 ooooouooooooa
oo.

oooOo0O,0000000KSMOOOOSVYMOOOOOOOOOooooooo
gobooooo.oboobooob,bbobobobobooboobooobooobobooboon
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0,000000000000 SSLS-SVM (Ab) 00000, 0000000000
g3buoooboobooboooboboobbuooboboobbooboobog,oobooo
goboobooooboobobooboobbooboobbooboooboboo. g
gob,b00bbo0obboobboobboobboobbuoobbooobbo
gbooboooboooooo.
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gboogbooobooobooo,gbob 40000400000, 00000000O
gbooodgbobobooogboboboooobobob boobobabg
gogbooooooon.

goboooobooobog,obbooobboobobooobboobboooboon
gobooooooboboboooooo obobob,boobooboobOobob
gogo.

gbboobooobooobooboooobobobobooboooboooooonoaan
gboobobobooooboboooobobobooboboobo obooo
gbobobobobg.

gb,0boboaoooobob,obobuoobobobooboboobooboon
goooobobooboob oobooooboobooooobooo. oo,boo0oa
gobgobooboobooboobooboobooboobooboboboboobooobo
goboooooobobogoobo,booboo,bobobo,0o0bo0b,0b00b0
gbobobboboobooboobuoobuodoboobooboboboboobo
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