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goooooo

Chunking with Support Vector Machines
Taku Kupo! and Yusr MaTsumotof

In this paper, we apply Support Vector Machines (SVMs) to identify English base
phrases (chunks). It is well-known that SVMs achieve high generalization perfor-
mance even using input data with a high dimensional feature space. Furthermore,
by introducing the Kernel principle, SVMs can carry out training with smaller com-
putational cost independent of the dimensionality of the feature space. In order to
improve accuracy, we also apply majority voting with 8 SVMs which are trained
using distinct chunk representations. Experimental results show that our approach
achieves better accuracy than other conventional frameworks.

KeyWords: Base Phrases Chunking, Machine Learning, Support Vector Machines, Ma-
Jority Voting

1 000bn

0000000000 chunk 0000 (chunking) OO, 000 (DOO0O00O0O token OO
00)000000000000000,000000000 (chunk)DOOOO0OOOOOOO
gooooooboooooooooobbo.ooooobooobooobobooobo,bcobooooon
O (base NP chunking), 0000000 (chunking), 00000000000, 0000/00
OO00o0o0oDoDOo0. 00,0000 teckenOODOOOOODOOO,DOO tokenization, OO
ooooooo,b000oDbobo00 chunkOOODDOOOODODOOODODDOOO.
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0000 chunk OO0O00O0O0OO0OOOOODOOOO0OODOOOOOOO. OO0O00,00
0000000000000 00o000o0oo0. 00000000000 000 chunk O
00000000000 (Ramshaw and Marcus 1995; Tjong Kim Sang 2000a; Tjong Kim
Sang, Daelemans, Déjean, Koeling, Krymolowski, Punyakanok, and Roth 2000; Tjong Kim
Sang 2000b; 00, 00,00,00,00,000 2000; 000 OO0 2000).

000000,000000000,0000000000.000,0000000000
oooooooo ME)ODOOOOOOOODOOOOOO (Cooo)oooooooooo,
gobodoooooooouooouoboobboo. bbb oo oo oooooon
gooooobouobooooiooo oo b oo oooooooa
ooooooo.

00,000000000000, Boosting (Freund and Schapire 1996), Support Vector
Machines (SVMs) (Cortes and Vapnik 1995; Vapnik 1998) 00 0000000000000
0 (0000)0000000oU0O0ooo00oOU0UO0ooUooooOUOOoOO0O. oo svMoOo, oo
0000000 (Uoo)0o0o0o0o00U0oO0O00ULOOU0O0DO0ODUOOOUOODOOO
0000000000000000. 000,Kernel 0000000000, 000000000
gobooooo,bbboo0ooboboobobuoooooon.

oo0ooooodoo,svMO0O0O0oooooooooooooooooo. oooooo
00000000, 0000000000000ooooo0,00000ooooooooo
00000 (Joachims 1999; O OO 2000; Kudo and Matsumoto 2000a, 2001; OO OO 2002)

0000 chunk D000000,0000000000000 (base NP chunking) 000
0000000000 (chunking) 0000000000 OOOOO SVMOOOOOOOOO
O.000,chunk 0000000000CDOOCO0OOODOOO0O0O0OO,00000000
Jod0o0dddooodoooooo0dod. 000, 0ooo,000ogoooooo SVM
0goooooo 200000000000 ooon.

000000oooooooo. 200 SsVMOOODOOO,3000000 chunk OO
ooopooo svMOOoOooooooOo,0000000D0000000000. 000 400
goobboooooooobooobobuoouoobo, oo soooooooog.

2 Support Vector Machine

21 0OO0OOooOO

gooboooooo,ob,o0 02b000b0o0o0ob000b0boboobbooobob,
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01 00ooooo

000. 000 x, 0000 {00000000, 0000 »n000000O00O
i = [fi,f2r--»fn)T € R") 000000, 0000 0 00 (+1) 0000 OO
(-1)0000000000000.00000000,0000000 x,eR*"00,000
00000 ye{+1} 000000 f:R"—{+1}0000000000.
SVMODO,000000 »00 Eucid 000000000,0000000000000.

wix+b=0 wecR"becR (1)

oo00,000000000o0000D0 (boU0)0ooUOo0ooooOO0oO,000O0O
0,000000000000000.010,200000000 (00),00 (0O)O0ODOO
000000000000 000000000. 01000000 ()oooooooo. o
ooboboooooboooboobobooooo,b0100020000000000000000OAO0
goboboobbob.coboooooboo 2000000000000 wOOOOOODOO
oooobooooogo,booboboboooooobooooo. oo 20000booooooo
coogo,svModoooooooooooooooooooooooogooo.o100o04g,
gooooooobooooooobOobooooooobooooooo,0coooooboooooo
gobooooooooooo.

000 20000000000.000,00 (+1)00000O0 (-1)ODOOO0OOOOOO
oboooooooooooooo,

wix+b==+l1 weR"beER

000000. 0000000 d0,0000000000 ¥O0O0OOO0OoO0Ooooooo
O,x0,wix+b=0000000,

wix'+b—1]  |wix'+b+1]  |—1] 1]
[wll [[wl [wil [lwll

d =

[[wll

oO00.o000000o00oooOoUooO,|w|oOooooUOU00. 000,000000

5



oooooo Vol. 2 No. 3 July 1995
0000000000000 0O0O0O0OoOoOoOOt.

1
oooo L(w):§||w||2—>DIZID
0000 : y(wixi+b)>1(3G=1...10)

oboo,200000000000000000 ODOOODODOO OOO0O,000000
oboooboobobooooboboobooooboon.

goo,b0b000o0oo0o0booobo,boobogooobooooboooooooboooonog. g
gooooob,bgoobobooooboobo,0o0o0obooooooboooobooobbooon
ooooooOoo. ooooooobOooob0 svMoOoOo,0opoooooooboooooo
O00O0000.0000000,000000000D00 KermelOOOOOOODOOO,
svMOOOO0O0O0O00oOoooooooooooooooooooooo0ooooooooo
OO0000000.00D0 Kernel OOOODODOOOODOO,0000000D0000004d0O
0000 Kernel OO OOO.

K(xi,x;) = (x] x; +1)*

d00 000 000 4000000000000 (0O0)ODUODODODOOoOOOooOoooooo
oooo.

22 SvMOOOOO

gbOo,b0b000b0ob0oboobooooboooboo. oobobboboooobooon
000000000000 Px,y)DOOODOUDUOOOUDOO,0000 fODDODDODO
00000000 Eyf], 00000000000 E[fjD0D0O0D0OO000OO0O.

1
B = [ 51760 - vidP(xy)
11
Eff] = jz§|f(xi)—yi\
i=1
000, E,[f,E[f) D00000000000000000000000 (Vapnik 1998).

OO0 1 (Vapnik) 0000000D00OD0 ({0000 VOOOO AOOOO,D0000 Eyf]
u,1-gp00000000000D00.

%msam+¢Wﬁ“ﬂ‘mz )

1000000000000000000000 Soft Margin 000 OOO0DOOO0OO0OODOOODOO
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o0 oooo oo Support Vector Machine 0 00 0O Chunk 00O

oo00 vVCcUOO AO0,00000000,00000000000000.0(2)000O0O
VCbound OO0, 000000000000,VChound JOODODOOO0OOOOOODO.
oododoo0oUoooooU0ooDOoOo,0bdo0oO0ggoooD veoo kROOODO,0O0
Jo00ooo0oDoooooooooboobooooDb0ooD0. ogoob,b000 AODODOOODODO
00o000bOO0ooOOooOOoO0oOdoo0.0oboooO pO0D00ODOOODOODODOO.

OO0 SvMO,00000000000000 Soft Margin O Kernel OO DOOOOODO,
000000000000 0O00oU00oo0o00. D000 (2)oo0o0o0oOooOooooOOg, R
0000000000000D0.000,0000 E(k)DO0O0D0O0OO0O0,AO0D000000
oOopooooo.svMOO vCOO AOO0D00O0 MOOOOOOOOOODOOOOooOOooo
000 (Vapnik 1998).

00 2 (Vapnik) 0O0O0OOOO », 0000O0O ¢, 00000000O0O00COO0O DOOO
Oo,svM0O vcoOo A0O,000000000.

h < min(D?/d?,n) + 1 (3)

0O @3)Uo,hAh0000000000,0000000000000,000 SVMOOOO
oooodooooOooUooo.oo,0opoooooOooOogooogoo,veoo A0, O
oDoOoOoo0oboooooon0. 000,D0,0000 KermelDOODOOOOOOODO, O
(3)0 Kernel 0D O0D00O0O0OOODO00O0O0OODOODOOODODOODOODOODOOOO (Vapnik
1998). OO, Vapnik 00 (2) D000, SVMUOOOOOOOOOOOOOOOOO.

00 3 (Vapnik) E[f] O Leave-One-Out 00000000 0000000000

goooooaoo
goooooon

Eff] <
ooo.

Leave-One-Out 00, 00000000O0CDO 1000000D0ODOO0ODODODOOO,O0017-1
00o0oooO00oooOoO0000oDOoo0oo0 looDo00oOooDoOOo,0b00O00bOoOoO0O
000000000 oUoU0. 0 )OoUoooooOooo. ooo,svMOOoooo
O support vector 00O ODOOOOOOOODOODOOCDOODODODOODO. ODOODDOO
support vector 0 0000000000000 O0O0OO,0 (4)00000. 00 bound O,
do0oooooboboobobboobuobooboooooo.boo, support vector O O
00000oo0o0o0oo0o0ooOoUoo,0 4)0U0oo0ooooOoUoo (2)oooooo
ooooooo.
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3 SvM OO0 0O Chunk 00

3.1 Chunk O0OOOO

Chunk 0O00O0,0 chunk 00000 OOOCOO0OO0O0OOOO0O. OOOOOOOO,O
cunk 00000000000, 00000 (D0O0O0)OD0O0O0OODOODOOOOOOOODOD.O
gb,fjgdgobboododooboboobooodoooo,bobobbobobbbooo
ooooboooooboobooooooooboon.

ooooo,0000 chunkOODDOOODOODOOOOOOOODO.0DOO0OO,0D0O0
goodoooobbobuooobboobooooooooo.

goodboooooobuoobuooogb,0u200bboooobooog.

(1) Inside/Outside
00000000 base NPOOOOOOODOODOOOOODOOOO (Ramshaw and

Marcus 1995). 000000, chunk 000000000 30000000.
I 00000000, chunkO00D000O0.

O 00OO0OooOoOogd,chunkOOD0ODOO.
B 0000D0O000,00 chunkOOOO0O0O0O chunkOOOODODO.

000 Tjong Kim Sang OO, 0000000 IOB1OOO,00000000
IOB2/IOE1/IOE2 0 30 0000000000000 (Tjong Kim Sang and Veen-

stra 1999).
I0B2 I0B1O0OOOOOOOO,BOOOODOOOODOOODO. I10B2000,B

O0o0o0D0 chunkODOOOODOODO.

IOE1 IOB1OOOOOOOOO,BODOUOODOO EQOODOOCOO.EODOO,
OO0 chunk OOOOOCOO0O0 chunkOOOOOOOCODDOOO.

IOE2 IOE1O0000COCOOO,EQO0O0DODOO chunkODOOOODOOOO

gagd.
(2) Start/End

0000000000000 000000000000 (00D 20000,0000
000000000000 500000002

20000,C/E/U/O0/SO 5000000000000, IOB1/I0B2/I0E1/IOE2 0000000000, 0000
B/E/I/O/SO0D0000. 0000000000000000000000000000.
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B 000OO0OOODOO,20000000000000 chumkOOOO0OOO0O
0.

E 0O00OO0OOODOO,20000000000000 chimkOOOOO0OOO
a.

I 0OO0D0ODODOOOD,30000000000000 chunkOOO,00000
oopoooooo.

S 00000000 Oo000f0D chunkOOOOO.

O 00000000 chunkODDOODOO
000 50000000000 000000000 (base NP chunking) 00000000,

IOB1 1I0B2 IOE1 IOE2 IOBES
In O O (@) O (@)
early I B I I B
trading I I I E E
in (@) O (@) (@) (@)
busy I B I I B
Hong I I I I I
Kong I I E E E
Monday B B I E S
, (@) O (@) O (@)
gold I B I E S
was (@) O (0] (@) (@)

O chunk 000,00 chunk DO OO0OO0O0O0OOO0OOOOOOO, B/E/I/O/SOOOO
chunk OO0 0OD0O0O00O0DO,00000000-00000000D000000O00O0O0OO0OO
ooO00.0o0O0,IioB20000000,000 (VP)OOOODOOO B-VPOOOOOOO
oooooo.

3.2 SvM OO0 Chunk 00O

00o0dOo SvMO 20000000.0000,chunk0000000C0O0DODOOOODOOO
goooodo svMOOooOoooooooooooooo. ooo,20000000000
000000000 0,000000200000000. 000, one class vs. all others O
0000000, KOODOooOooDooooo,000000o0oo0ooooooooo KOooo
000000000 0OD00. 00000, perwise0000, 0000 2000000000
000 Kx(K-2)/20000000000,0000000000000000000Q0OO
O000O. 00, Dietterich O Allwein 00, 000000000CCOC, 00000000000
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000000000000 00000000 (Dietterich and Bakiri 1995; Allwein, Schapire,
and Singer 2000).

00D0OO0,00000000000000 perwise0ODOO0O0O. OO00ODODDODOOO

goooo.
e 000O,SVMO O(n?)~0O(®) (nO000000D0DOD)00000D0DOOODODO. O
gooo,b00b00ooOobbOooOo0o0bOobooOoboOo0oboboOogboDO,boooo
00000000D000000. pairwise D0, one class vs. others0 0000000
00o0o0ooooo, 0000000000000 oooDooooo,0ooOoo
0obooooooooooooon.
e parwise 00 0000000000000 0OOOODO (KreBel 1999)000.
cunk 00 0D0O0OOO0OOOODOCOOOO,0000DOO00O00DODODOOOOODOODO
oooooo.ooooo,d0 0 chunk 00 ¢, 00000000000 ¢, 000D00CDOO
O0,000020,0200000000000.00,0 200 chunkODODODOOOODOO
oo.

000,000000 (00000000)00, 0200 chunkO0000000O00O0OOO
o0oo0ooo.0000,000 2000000000000 /000000000DOODOO.

— ooon —
O0: w2 w1 w; Wig1 Wiyt
oo:  ti—o 131 t; tiv1 tig1
chunk: «¢_o ¢_1

000,020 (000000000 20)0 chunk OO0 OOOOO0OODOOOOOOOOO
Oo0,000000d0d0fdo0doooo00. oDoooooDUoDoDO,000DOO00O
000000 (000000 oUoo0)0D0o0O0o0oOO0O0O0D0DOoODOoOooOoUoOoOO.

oooooO0oo0,00000000 (bP)OO0O0ODOO0OOOO.O0O0OO,000000
OO0 chunk OO 0O0O,0 chunk 0000000000 OO0OO0OOODOODOODOOOOOO
ooooooooo0oOooOoOdooO.000,0poo000ooooD,0000cooOogoDooo
ooodooodooooogooooooooog.

CoNLL2000 0 shared task 0 000, 000000000 pairwise 00000, 00,00
000 500000000000 (Kudo and Matsumoto 2000b). 0000, 0000000
oooobDOoooo0ogoooooooo, 0000 10DoooO00ooOoo.ooooog
ocooooooooo.

e J00DUUDOUDO,00DODOODOODOODO,0DD0DOO0DDOOODOOOO,DO

0O0oo00ooo0oo0ooooooooooooooooo.
e [JO0ODUOD,000D0CODOUOUDOODUDUODOOIDOODODOO,0DO00ODOOOODO

10
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gbo,goooboobobobbuoguouooaoooooann.

3.3 Uogoooo

000000000,10000000000000000,00000,00000000
00,0000000,00000000,00000000000000000000000
0000000000000 00000000000000000. 00000000000
00000,00000000000000000,0000000000000000000
0000000000000000000000000.

000,0000000000000000,0000000000.0000000000
00000100 f;,eR, 0000000000 (00)0 teRO0O0. 00,0 MOO
00000 1/MO0O000000000 f/=4YM £,000.000,40¢t000 f
0:t000000000000000000000000. 000 El0,20000000
oo.

Bl(f =t = El& XM fi—t)?
= Bl (-0 -5 XE (- 520 )7
< Bl il (fi—t)?
= E[(fi —t)?] (5)

O500,000000000000000000000,00D0D0D00D000DO0OO
goooooboobbbou. b0, bbb ooooo,o0on
000000000000 0000000. 000000000 (Haykin 1999) 000000
0.000000000000000000 Boosting (Freund and Schapire 1996) D0 00O, O
o00o0oo0o0oooDpDoooooooUoooooOoDooog.

Chunk 000000000, 0000000000D0O00O0O0O00O00O0. ODOO, Tjong Kim
Sang 00, base NPOOOODOOOO, 0000000000 MBL, ME, IGTree 10 700
0000 uooOo,0oo IOoB1/IOB2/IOEL/IOE20 4000000000000 OOOOOO
gdodooooooOoooooDooo,000DO0O00o0oDoDoOo0ooooooooo
000000 (Tjong Kim Sang 2000a; Tjong Kim Sang et al. 2000).

0000,0000000000 SVMOOO,IOB1/I0OB2/IOEL/IOE20 400000,
0000000 (000 /O0000)000 4x2=80000000000000OOOOOO
gooooa.

IOB1/I0B2/IOE1/IOE2 00, 000000000000 00O. IOB1/I0E2 O, chunk O
000o0oU00o0o0oo0OoooOoo (B/E)D000U0O0. 000, chunk0O0O0OOO0OOOOO
O0o0o0o0ooooUooOo. 0o,IoB2/IOE20,chunk000/00000000CO0OO0OO
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(B/EyDOOO0OO0O.0000,chunk000/00000000000000O0OO
000, chunk0000 (Head) OOOOOO, chunk 00000000000 OOOO, O
oo0ooooooo,00ogoooo0.0obobo chunkOOOOOODOO,0D000000O
goob, b oobo, bbb oboboobobobboboboo,bbo
gooooO0d0ooO0O0oOoD. 0g,b00 chimkODOOODOOOOO,0000000000O
0000o0oO0oOoU0O0U0oO0. 000/oooooo,00o0 chnkO0OO0OO/00000
ggoo,b0o0oobooboboboooboob.
ooDooo,chunk00000,0000000000000O0O0000O0O0O0OOODO, 00O
gooooooooooboobooboo.bob,oobobbodooobobuoobobo
o,0bod00boob00ogoobooobo,0obbbobobo,o0booboooboooo
goooboooo.
gobooobooobo,ogbbbobobbobooboboboboo.oobbbon
ooobobooobbooobobobooobbboobooooob, 0o oDoob o
000000000000, BoostingODOOOOOOODOOOODOOOODOO,0000OO
000o0ooooDoooooooooooOoDo.oogooog, SVvM O, Soft Margin 00O
O00,Kenel 0DO0DO0O0O0OO,0000000000000000D0O0,D0000000
gooboooobooboobooooooo.
ugoo,jobooooooboobboooob 40bo0oboooo,oooobboobon
goboooooooooo.
(1) oooo
gobo,bobobobobobboooooobboobobobobb. cooobobono
og,b00boboboo0obooobooooon.
(2) oooo
gooooo NOOO,N—-1000000,000 10000000000 Oo. O
ooodo NOOO,00o0bobbobbobbooooobobbooboo.
(3) VC bound
0 (2,0 30000 VCbound 0000, 000000000000000O03,0
00000o0o0o0o. 000,00 3)0o00uoo0ooo0oo00Uo0 boooooo
gooooobobbobboobooooobooooo.

D? ~ In?,X{K(Xi,XZ‘) —-2K(x;,0)+ K(0,0)} (0:00)

(4) Leave-One-Out(L-0-0) bound
O (4) O Leave-One-Out bound 000, 0000000000, 00000000

go.
jJooooooooooobo,100000000,0000000000.

12



o0 oooo oo Support Vector Machine 0 00 0O Chunk 00O

gboooboobooooooa.

(1) 000000 I0B1/IOB2/IOEL/IOE2 000000000.

(2) 40000000,00000,000000004x2=80000000000,
svMOOooooooo.

(3) 8000000000, VC bound, Leave-One-Out bound 0 00O 000000, O

00000000, (1),(2)000000000000000000,0000000
000D00000000000. 0000000,00000000000 NO,5
ooo.

(4) 0080000000000 0ON0DO0O00O0ONONONODNN000O0O. 0008
00000000000 chunk0000,000000000,000000000
0000000000. 0000000000,000000 1000000000
0000000.00000000,00000000 I0B1/I0B2/IOE1/IOE2 O
oooooooooo.

(5) I0B1/I0B2/IOE1/IOE2 0 0000000000000, 00000000 8000
00000000004 00000000000000, IOB1/I0OB2/IOE1/IOE2
040000000000000000000000.0000,4 (0000000
0)x4(0000000)=160000000000000.

0000000000000,I0BESO00000IOBESO000000O00O0OOODO

000000000000, 00000000000000000. 0000000,000

00000000 I0B1,IOB2IOELIOE2 0000 3000,I0BES 0000 50000,

VC bound O, Leave-One-Out bound 0 00 000000000000000000000.

IOBES 000000 IOBES00O000D0OOOOO0DOOOO, IOBL, I0B2, IOEL, I0E2 O O

0000D00000000000000.

4 004000

4.1 0O0O0O0,00

gboooooo 200000000000000.

e base NPOOOOOOODO (baseNP)
Penn Tree-bank/WSJ O 15-18 0000 00, 00-14,19-24 00000 0000, Brill
Tagger(Brill 1995) 0 0 0O part-of-speech (POS) 000000000 O0O. 00000
O0000000,baseNPODOOOOOOODOOOODOODOOOOODO.

e Chunking0OOOOO (chunking)

40000 chunk 000000000 chunk 00000000 OO0OOO0O0OODOO,000000000000O0O
goo0oooooooooooooo
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0000 (00) 0 | chunkO 0o

baseNP 0 00 00O 211,727 | 53,371 | 8,936
baseNP 0 00O OO 962,039 | 248,656 | 40,272
chunking 000 00 211,727 | 104,893 | 8,936
chunking 0 00 0 00O 962,039 | 483,301 | 40,272

01 000ood

base NP 0000000000000 O0O0COOO, base NP 00O VP, PP, ADJP,
ADVP, CONJP, INITJ, LST, PRT, SBAR OO0 10000000000000O0O000O
O00000. 00000000000 000, CoNLL-2000 Shead Task(Tjong Kim
Sang and Buchholz 2000) D 0000000 0O0O.

00oooooooooooo1oo00.

0000 sVvMOOOOOOO TimySVMOOOO®. 000000,0000000000
O000000000000000000000,VCbhoundOOOOOOOOODOOOOOO
O00.00,0000000000,Kernel000 200 000 KernelOOOODO.

00oo0oooo0o,00000000000000000DO FO (B=1)0000.000
chunk 000000000000 00O00O00O00O0O0O0.00,0000000000 FOOO
ooooooo.

4.2 0000

020,0 cunk OOO0O0O,0000000000008000000DOO0OOOO
0000 (booo0ooooUO00oo,0000000)0D0UO0D0. oo,o0oooooao,
Start/End 0000000000000 OO0OOO.

0oo0,030,0000 0000, OOOO (N =5), VCbound, Leave on Out bound
04000000000000000000000000. 0400,00000000000
000000000, 000000000000.

4.3 ChunkO000O0O0OO0DOODOO

0200, Inside/Outside 0000 8000000000 O,0I0E2+ 00000000
0000,0I0E1+0000000000000000000% 000,000000000
goooooo.

e JODOOO,chunkd00OOO0DOOOOOOODO.OOODO,DOO000D0COOOOOO

5 http://cl.aist-nara.ac.jp/”~ taku-ku/software/TinySVM/ 00 0000
6 chunking 0 00000 O OIOE1+ 00000 O0O0O,0I0E2+ 00000 0000 10%000000000
goooooooo.
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o0 oooo oo Support Vector Machine 0 00 0O Chunk 00O

oOooo oo ooooooo
ooooo oOoOooO Fs—y | OOOO VC bound L-O-O bound
baseNP 10OB1-0 94.04 19394 14310 .9193
10B1-0 94.08 .9422 14351 .9184
10B2-0O 94.13 19410 4415 9172
10B2-0 94.13 .9407 .4300 .9166
IOE1-O | 93.91 .9386 4274 9183
IOE1-0 94.14 19425 .4400 9217
I0E2-0 | 94.09 .9409 .4350 .9180
I0E2-0 94.23 .9426 .4510 .9193
chunking IOB1-O | 93.56 19342 .6585 .9605
IOB1-0 | 93.58 .9346 .6614 .9596
10B2-0 93.54 19341 .6809 .9586
I0B2-0 | 93.52 .9355 6722 .9594
IOE1-O0 | 93.46 .9335 .6533 .9589
IOE1-0 93.65 .9358 .6669 L9611
I0OE2-0 93.50 19341 .6740 .9606
I0E2-0 93.65 .9361 .6913 .9597
baseNP ITOBES-0O | 93.93
IOBES-0 | 93.94
chunking IOBES-0 | 93.36
IOBES-O | 93.41

02 0O0o0oOooOOoooooo

oood Oo0oO0oDooO00oOoO0n Fa=

00000 0000 | 0oooO0 ©0o0ooO0  VCbound L-O-O bound

baseNP  IOB1 94.31 94.37 94.39 94.36

10B2 94.33 94.39 94.41 94.38

IOE1 94.32 94.38 94.38 94.36

I0E2 94.33 94.38 94.40 94.38

chunking IOBI1 93.78 93.81 93.81 93.81

I0B2 93.74 93.84 93.84 93.84

IOE1 93.79 93.81 93.81 93.81

I0OE2 93.81 93.82 93.83 93.82

03 0boooooodgoo

0,000000000000000000.
—~ (0000 >000)

e IOED,0000D000C chunkD0O0O0OOOOOOOOOOO0OD,000000
0 I0BOOOOOOOD.
— (IOE > IOB)

e IOBO,chunk00O00,IOED, chunk0 0000000000000 DO. 0000,
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oooooo ooo gooo Fg—q
baseNP 94.48% 94.34% 94.41
chunking 93.85% 93.83% 93.84

04 0O00OO0OO0OODOOOOODOOD

IOBO,000,I0E000COCO0O0O0ODOOOOCOOO0OO0DODOOOOO0OODOO0OO0
gooo,ocoooo.
— (I0B+ 000 >I0B+0000,I0E000 <IOE0DOO)

e OO chunkODOODOUOOODOODOOOOD.OOOO,chunk0OO0O0O0O0O00O IOB1/I0OEL
O,chunk000/0000000 IOB2/ICE200000.

— ({IOB1 IOE1} < {IOB2 IOE2})

e D0 chwmkODODODOOODOOD,00 chunkOOOD0O0O0 (0DDO)0D00O0O0DO,0000
chunk 0000000000 ODOOOO0OODOOOOOO0O0.0000,chunkO0D0OO
oooO0,chunk00000000 IOB1O IOE1O0O00OOOOOO.

— (IOB1 > IOE1 )

00 Inside/Outside O (IOB1/I0B2/IOE1/IOE20000)0 Start/End 0000000
ooO. 00000, 000b00000000bO0o0obobbocO0Oo, 0000000000000
000000000 start/End 00, 00000000000O0O0COO0OCOOOOCOOOOO
Inside/Outside 00 000000000000 (DO0D0OOOOO 2000). SVMOOOOOOO
00,0000 Inside/Outside D000, Start/End D 000000000 OOO. SVMO,
000000000000 U00 (D00)00U0000U00O0U, 0000000 oooUUoo
goooobooboooboobooboo,boboo,booooboooboooa.

000,000000000000000. 00, Start/End0,500000000000
000, Inside/Outside 00000, 0000000000000000O0O0OOOOOOO.
oo,500000000000,0000000000O0O0O000O0O0OODOOO0. bOobO
0,S-EI-B O-100000000CO,000000D00000000. 00,10B1
0,0-B0O0O,I0OB20 O- 1000000000000 .0D00000OODOOO,0000A0
gobooogbobooboo,obbbobboboobbbbbboo, D000 booog
goboooooooboo,0boobbooobboobooooooo.00b0,000000000
gobooooboooboboogoonn.

44 0000000

oooooooooobooooo,b0bobb00ob00o0b0b0o0o0ooocoboobooboobooo0og
g, ggoooooboobooobooooboooboog.
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0200,VChbound, OO0, 000000IOCE2+ 00000C000O0DOOODOO,
OIOEl +000000000O00O0OO0O00DOO,DbO00O0DOO0ODODOOO0OOOODOO0OO
O.00000000,VCbhound, 0000000000 OOOCOOOOOOOOOODOOO
oooo.

ogboooboboooobooooobooboooobooobbooobo,bobbboooooboooon
oooooooDoOo0o.0b000g,vebhoundDOOOOOODOOOODOOOO,00000
goooooooooon.

Leave-One-Out bound 0 OO0 00000000 ODOOOODOODOOOOOOO,0000
O VCbound O O0ODOCOOOODOOCDOOCODODODO.

4.5 000000

03b00,000000000,00000000000,00000000000000O0
ooooooooooor.

goooooooOoooooOoooOo,o0ob0goo,00oooooOooOoDD. oo Ve
bound, 0000, Leave-One-Out bound O, 00 000000000.000,0000000
oo,000300000000bo00000,0000000o0ooobo0ooaoon.

4.6 U0O0OOOOOO
baseNP 000000

Tjong Kim Sang 00, 000000 D000 MBL, ME, IGTree 00 7000000 00
0,000 IOB1/I0B2/IOE1/IOE20 40000000000000OOO0O0UO0OOOODOO
000000000000, baseNPOOOOOOOOO 93860 0000000000000
O (Tjong Kim Sang 2000a; Tjong Kim Sang et al. 2000).

goooobbooobooobbedg-942300000000.00DOb0ODODDODOODOO
0o,0000b000boggoo,SsvMOoDoooog,godooooooooog. og,ood
OO0 7000000000O0O00,00 400 chunkODO0ODOOODODOOOODOOODODOODOO
O,0000000oo,0ooooooooo,svMOoo0oooooooooon.ooog
dooooooooooooo,SsvMOOoodooooo,0o0gooooooooogooo.

oo0o,00000000,00000000000000000 944000000000
gooo. ooo,0b00000 9800000000000 0O0. bObOoooDOoooooo,
00000Do0Ooooo0D000o00oooooOo0oO0d. Tjong Kim Sang OO O OO0
0, MBL, ME, IGTree 0000, 7000000000000000,00000000000
go.doo,0bogobobbooddooo oo, oooooooooon

7000 10%000000000000000
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ooooooo,oco0oobobooooboooob,0obbboboobooooo.goo,0n0o
0,000 SvMODOOOO,00000000000000O000O0DO. 0bOOo0O0OODO
goboooooooboooo,oobb,00boobooboboooboooooo,boobooobo,oo
ooboobooboooooobo.obooo,booboboooboooo.

CoNLL OOD0ODOODO

CoNLL-2000 Shared Task 0 000000 SVM O I0OB20 ODO0OO0OOCOOOOODOO
00 93480000000000 (Kudo and Matsumoto 2000b) 8. 0000000, 0000
ooooo,0IoB2+ 0000 0000,0000000D00000000O00DOOCOO.
00 CoNLL-20000 0000000000000 000DOOODO (Tjong Kim Sang 2000b) O
oooobooooooboooboo.

4.7 00O0O0ODO

e 0OOO0OOODO
oooooooooOo,00000000000000C0O0,00000000000
chunk 00 00000000O0O0. 000000000000000000O0000O0O0
OooOooooOooooooooo.

e JOOODDO
oooo,0020000000000000000000000C0O00.0B00O0C
0,000 chunk0000000O0O0BOOOCOCOO,000 chunkOO0O00000OO
000000000000 ooO0oOoO0oO0Ooo0. DoooooooooOooooooo
ooo00o0oo0o0o0oO000oo0o0o000o000o0ooooo0ooooooooon
0O (0000000 2000). 00 D00D0O00O0O0OO0O0OOOOOOOOOODOOOOO.

e JOOO0OOOCOO bound OO0
ooo0O,0000000000000,SvMO0C00O00 — VC bound, Leave-One-
Out bound DOOODO0O. OOO0OOO Chapelle00,000000000000 bound
0000 ,Kernel DOO0O000O Soft Margin 00 0000000000000 O00O0O0OO
00000 (Chapelle and Vapnik 2000). 00000000000 bound DOOO0OO
000000000000 ooooo0oooo.

sgubioo0oooooooboOoooooooooog.
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5 o

0000, Support Vector Machine (SVM)O OO 0OO0O0O0O chunk OOOO0DO0OOOO
oo, 000o0ooboobbodb0obo0bo oo, 000 oooooooboo,
000000 oDOo00ooooooooooDoooooooo,SsvMoooooooooog
gooooooono.

O0,chunk 0000000000000 O0OODOODOOOOODODODOODOOODOOOOO
0o00d0000ooDopooooo,0boooo0dg VChound O, 0000000 OO0DOODOO
00ooooooooooooooo. Vebhound O, 00000000 DOOOOODOOODOO
oo, 0jgddobodoboooooooo,obooooooog.

O0O0,chunk 00000000000 DOOODOOOODOODOOOODOOODOOOOOOO
0,00000000000000oobooao.
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