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Morphological Analysis with Pointwise Predictors

SHINSUKE MORIT, Yosuke NAKATA, Granam NEUBIG' and TaTsuya
KAWAHARAT

This paper proposes a pointwise approach to Japanese morphological analysis that
decomposes the process into word segmentation and part-of-speech (POS) tagging.
The pointwise approach refers, as features, only to the surface information of the input
and not relies on any prediction results such as word boundaries or POS tags. This
design allows us to use a variety of linguistic resources flexibly. This characteristic
enables a fast and low-cost domain adaptation with a minimum amount of annotation.
An evaluation was performed on a well-resourced general domain morphological task,
and it was found that the proposed method achieved results comparable to those
of existing methods such as CRFs and morpheme n-gram models. In addition, a
domain adaptation experiment showed that the proposed method is able to achieve
an effective domain adaptation with a smaller amount of annotations.

Key Words: Morphological analysis, Word segmentation, Part-of-speech tagging, Pointwise

prediction, Sequence-based prediction

0000 000000000000, Kyoto University, Academic Center for Computing and Media Studies
ff00O0O0O00D0000, Kyoto University, School of Informatic



O000O0NEUBIGOOO ooooooooooo

1 0O0og

goboooboboboboooboobooooboobboooboobooboobboboo
000o000000o0ooO0O0O0O0000U0UO0O (booO)LbU0ooOOoLOOoODUUOOoOooOoOo
gboooboboobouooooboooooboboboobooboobobobooooobboboobo
ubbooboooobooboooobooooboooboooboobbbooobooooooboooon
0000o000o0oo00o0o0o000oooooooooooo00o0ooo0oooo (oo0o
0000000000 O000000 20100000 (DO0DO0O0O0O 200700 WebOO (ODDOODO
2010) 0000000000000 00O0O000O00O00000O0DOOOO0O0OODOOO0OOOO
goooboooobooobobbooboooooon

goobooooobobooooooboobooboOoobooobboooooooooooobooo
000000000000 00000o0oo000o0ooouod ngramO0O0 (00O 1999)0
00000000000 000ngramO0O0 (D000 1998b)000000O0O0O (CRF)(OO OO
0000 2004)00000000000000000000O0ODOOOOODOOOOOOOOOOOD
gboobobobbobooooobobooboboboobooboboboboooboo
uoooobooooboobooobon

gboobbooooboooobobooboboboooboboboooboooboooobboba
booooooobooobooboooboobobobooobooooboobooooboooooooDoo
gogbobboogboobobooboboobboooobooboooooboobboooobboobn
goobooboobooboobobOoobooooooboooooooobooooooon
gbooobooooboooobobobobobobooobooboooboboooooa
000000000000 0000000000000'000000000000D000000
gbobobooooboobooooboooooooobOboooboooan

gbobobbooobobobobooooboooooboobooobuoboooobooa
goobobooboooobooboooobooobooobooobobooooooboobooooobooobooo
gbgboboobooboobobooooooooboboboboooooboobooooobobooo
goboooobooobooboooobobooobooooooooooooboobooooboobooDbo
gooboouoobooboobobouooooboboooooooobooboobobooboon
gbobooobobobbobooooboobobobobbbobobboboooboooboobon
gbooobooboooobbooboooooooooooobbobooobooooboobooooboon
gggobooobobooobooboooo

ICRFOODD0O00O000D00D000000000000D0000 (0000000000000 200900000
oo0o0ooooooooo0oooooooo0ooooooooooooboOooooooOoooooOooooO0o0oOoooOoo0oon
oooooooooooooooo



oooooo ov

——
ITE(BEE
#ERRZSVM

—~——— —
— EEOEl |mszrmEm
BEHE 28) /
—
—

INTF/T—23ar |
3—/3R \
= #®izsvm
~— - .
REHETE | @szrroomm

BT /FT—av
a—/8R

MEERBETFAD—/ IR

01 0ogooo

Ti—2 Ti—1 Ti Tit+l Tit2 Tit3

ooog: O DDTDDDDDDD
t;: 0Oad

00 (0)l-gram 00 : -3/0 (K), -2/0 (K), -1/0 (K), 1/0 (H), 2/0 (K), 3/0 (K)
00 (0)2-gram 00: -3/00 (KK), -2/00 (KK), -1/00 (KH), 1/00 (HK), 2/00 (KK)
00 (0)3-gram 00: -3/000 (KKK), -2/000 (KKH), -1/000 (KHK), 1/000 (HKK)

02 00000000000 (000 30ngram 00000 3000)

2 0ogoobobooodoodo

000000000000 000O0000U0Oo0D0ooOoOoOoOOU0UoOoOOooDOooOoO (o1
00)0o000oo0oo00o00o0oOo00U0oo00o0o00o0oooOUooooDoooooooooon
goooooobooobooboooooooooboooooono

21 JU0OoOoooooboobobd
0000000000 000000 (GrahamOOOOO 2010)0 0000000000000
goobooobobboboboobbooooboboobobobooobn
gbooboobooboooooobod z=x22---2, 000000000000 OOOOOO
gbooobogg t=tht---t,, 000000000000 ¢, 0000000000 ;0 ;49 0
goobooooboooooooobooobob 200000000000 0O0D0O00O000DO



O000O0NEUBIGOOO ooooooooooo

r—-3r-2Ir—-1 wW 1 ) X3
goob:-0 0o 0O O oo o o O O

1
oooad

00 (0)l-gram 0 0: -3/0 (K), -2/0 (K), -1/0 (H), 1/0 (H), 2/0 (K), 3/0 (K)
00 (0)2-gram O00: -3/00 (KK), -2/00 (KH),-1/00 (HH), 1/0 0 (HK), 2/00 (KK)
00 (0)3-gram O 0: -3/000 (KKH), -2/000 (KHH), -1/00 0 (HHK), 1/0 00 (HKK)

03 00000000000 (0D0 30n-gram 00000 3000)

gfd2000000000000000000O00O0DO0DO0DOO000DODODO 30000O0O0bOOO

00000000000 000 (Linear SVM) (Fan, Chang, Hsieh, Wang, and Lin 2008) 0 0O O

000000000000 000O00ooooooO (Oo200)0

(1) O0Ongram: 0000000000000 000O0O00O0OOO00mMOOO nOOO0OO
0000000 2m0000 Timmit, s Tiet, TisTigt, - Tiam 000 n000000 0
goooooooo

(2) 000 ngram: JO00D0O00O0OO0O0OO0OO0O0OO0UODO0O0ODO0OO ngramOO0O0O
0000000000 (K)O0DDO (xODD0O0 (H)00000 (R)O0O (N)DOo o (0)
geooooad

(3 DU0O0O0O0: 00000000 «00D0000000000OD0O0O0UO0O00ODDOOOOD
gooobooooooooobobobooobbooo

22 00g0bbOOoO0oooao

gbboooobooobbooobooobboobboooboobboobooobOooooDoboDbo
ubooboooooobobooboooboobboooooobooobooboooboon
gbooooooboobogoboboobobooboooooobobobooboboooboooboboobooooo
goooboobooobboobooobooboooooboboooboobobobooobOobooo
0000000000000 000O000000 (DeRose 1988) 000000000
gbooboobooooooboooboooooobooooooooooD 400b00oo0ooooo
(1) DOO00D0O0O0OO0OO0O000O0O0O0O0O0O0O0000DOOU0DDOOO0DODOOOOOODOOOO
ooooogo
(2) DU0ODOOUOOOOOOOOO0OU0OO0OUOODOOODOCOOOOOOOOOOOOOO
(3) DO00O00O0OO00O0000ODUOU0O0OO0O0O0O0DOOO0DO0O00oDoO0o
(4) O0O0O0O0O0O0OOOUOOO0O00O0O0O0ODO0DO0OO0DUODODODOOODOOODOoOooOO
00000000000 ()OO oOooooU0oo0000D0oOooooooooooOoOD



oooo00 OVe

o BAMBEESEID—/IR
BND Fh (EETHRAS
- BarREAMEa—/R
BN Fh/&E ISEET Rh/BEA
o BZEF
BEN K%, W
- HELRFAOHEFESR) DI
BN/ Fn/BH, RA/BE, BANSGE, 2ANBEA

04 0OO00O0DOOOOOODOOOO

gboooboboob 000000000 .- 0000000 e, 0000D000O0O0O0O0O00O00
O000 wOOO0OOD0ODO0D0OO0O000000000000000000000000000 /00
goobDooooOo0obobobDOo0nDDOnl zo,w, Ty =Ty - - T2T_1,W,T1T2 - Ty OO0
oot wooogbbbboobbbooooooobobbbobboboboa
wODODOO0O0O0OO0O0O000000o0O00bOO0bOo0o0o0ob0oooooooooooooDan
gogoogboobbobooobbobbotboob bbb bbb bboooga
goooono

00000000 00o00o0oooooooUoO (o3o0o)o

(1) z_x, 0000000 n-gram

(2) z_x, 00000000 n-gram
ggoobooobooobbobbooobboobobobboooboobbbooooo
ubooobobobooooboooo3ooboobooobooooobooooboo3ooooogon
010000 (one-versus-rest) 0 00D 00000000

gbooooooobo 1oobooooboooboooobooooooooboobooboobaon
gobobdgbobooooboooooobbobooooobboboboobobbbooobbobo
gooodoobtbobbooooobbooboobbooboboboobobo

23 OO0O0oboobObboOooooboon
gboobOobboooOooooboboooboboOobooboboboobOoooboboooboOoooo
gobbooooooboobooooooooboooooooooobooboobobooooooogoon
gbobboooobbooooobobooboooobobooooooboooooooooobooonon
od2000000000000000000D000O00O0O00DOOOOOODO
1. 0000000000000 OOOobOoOobobODbOobOOoOobOoObO0b00o0oooobOoooo
gobooobobooobooboooobooobbobbOoooooOoobobooboboboooOon



O000O0NEUBIGOOO ooooooooooo

gbobooboooobobobobooboboboooobooboOooooOooboboOooooDn
gobooobooooooobooobooboboooooobooboboobooobooooooboon
2. 00000 OOO0OOOOOOOOOOOOOOOOOODOOOOCObOOOOODOOOOnb
gobobooooboooboboobobooboooboooobobooboboooboooon
OngramO00000 (D000 1998) 0000000000000 00O0O0O0O0O0OO0OO
gooooooOoobobobooooboobooboobooooooooo
goboooobooooooooboooooboobooboooobooooboboooboobbooboooo
gboooboboobooooboobooboooobbooboobooooooobboboooobooDbo
goobooboobooboooooooboooooooboogobooooboobobooboobbooo
goobobooobobobooboboobbooboooobobobooboooooooboooaon
gboooooboobooobbboobobooooboobooooboobDbooooooobobooooDDo
oooooobobooobbooobooobobooooooooooboboooooonDoog
gboooooooooobobooooboooooooooooboboooooboooobOoooon
gobooooboooboooboobboooooooboooooooboooboboobobobooooobooDo
0000000000000 0000000O00LO0O0000DO0O000O (0D 400)0
3. dooooouooobooon obobbodobboooobooboobbooboboaon
gobooooooooboboobobobooobooboooboooobboooboooobo
goobooooboooooboooobooooobooobooooboooobooooooboobooon
gbooooooboooboooboobooooboboboooobo
4. 0000 OOODOOOOOOOOOOOOOOOOCOOOOOOOOOOObOOobOOobnO
goobooboooooobooboo
goboooooboooooooooobobooooooooooooobobooooboobooboboOoo
gboooooooooooobobobooboooboboooooobooooobooboooooboooon
gobooobobooooooboood

24 000000

gbobooboooobooboooooooobooooboooooooboobooooogn
gobobooboobboooobooobobooboobboobooooooboooobOoooboooDoo
gbooooooooooobobooooooobobobooooobooooooobobooobo
ooooooobooooboobobooooobobobooboboobboobboboboobOooo
gboboooobooboboboobboboobobooooooobooobooboboboobona
oboooooooooobooobboooobobbooobooooobooboooooooouoDo
goboooboobooboooooooooboobobooboobooboboboboboobo0oooooon
gbooboooooboooooooobbooooobobooooooo



oooooo ov

— A FOEEI—/1X BEAFOFEFI—/R
(FIVT/T7—3>a—18K) Enta7 /T—a>a—INR)

AAL

S EH D
FRba—SZ) (1.3 .\f’ﬁ‘f%

[| /A

R BDORERREN = szﬁ

i @,

BT G5, .
(FHEHS) o

(008mOAFIZEB7 /723 |

fE QML €

os5 0ooo

0000000000000000000000000000000000000000000
0000000000000000000000 (0500)0
() 00000000000000000000000000000
(2) 00000000000 (D000000000)000000000000000000
00000000000 100000000020
(3) 000000000000 00000000O000000000000000000000
00000000000000000000
(4) 000D000D00000000000000000000000000000000000
000000000000
(5 00O (0)0(0)000000000
0000000000000000000000000000000000000000000
000000000000SVMOOOO0D000000D0000000000000000000
0000000000000000000000000000 (0000)0000000000
ooo
() 00000000000 (000)000: 000200000000
() 00000DD00000:00000000000000000000000000
0000
() 00000000 0000:0000000000000000000000000
0Oooooo0oo
(2) 00000000000 (0D)000:00000000000000000000000

200000010000000000000000000000000000000000000000000000
oo0o0oooooooooooo 1000000000000 1000000000000000000000000O00OO



O000O0NEUBIGOOO ooooooooooo

01 0000
ooooo 0o 00 | 00 |0ooo0Oo| Oooo
0ooooooo 00 | 27,338 | 782,584 | 1,131,317
BCCWJ (0ooo) 000 | 3,038 | 87458 | 126,154
(0000000000000) Yahoo!O 0 O OO0 | 5800 | 114,265 | 158,000
(0ooo 1) ooo 645 | 13,018 | 17,980
nfufalufalufalsls
JAPIC 000 | 1,236 | 45303 | 67,828
(0o0oo 2)
oooOoooo

3 0d

gboobooobooobo 2000000000001 0D0000OODODOOODOODOOOO
gboooboooobobobooooooooobobooboooboboobooobooobooboooon
gboobooboboobooooboboooobooobooobooD20000bObODOObOOOD
gboboooboooboooooobooooobooboooboobooobooooboooboooo
gboooogoboboobobouoooogoooooooooobobobouooooaoooaon
goobooooobooooboooooaoon

3.1 0000

0000000000000 00O0O0000O0UDO0O0o0oUOo0OnD (2009000)000000
(00 BCCWJOOO)OO 2009 00000000000 (D0 JAPICODUODO)0O0OO0OOOOO
0000000000000 oooo0ooo0ooo0oo0ooo0ooDoooo0o 10000000
2195830000000 Unibic(COOODOOODOOOOOOOOOOOOO 2007000000
oooo

0000oooooooooooooooooooooooooloooooooooooon
JAPIC(DOO0OOD)0O00O00O0O0O0O0O000000000oooooooooooooooooo
O00000ooDoo0oooooooooo0ooboooooooo20000000200000
O00D0DODOO00000000000 CRFOOOOO0OO00O0O0oooooooooooooog
000 JAPICODOOODOOODODODDOOOOOOOOOOOO0ODO0ODOO0OOO0OO0ODO0OD
000000000 0o0ooo0oooooooooO0o0ooOoooo0g BCCWJOD 2000000
0000000000000 000000 000 (Maekawa, Yamazaki, Maruyama, Yamaguchi,
Ogura, Kashino, Ogiso, Koiso, and Den 2010) 0 0000000000000 OO0O0O0O0O0OO



000000 OVol. No.

o2 0000

obood BCCWJ OO | Yahoo!lDOO | JAPIC

BCCwWJ OO 98.37% 96.29% | 88.56%
-+ UniDic 99.95% 99.80% | 95.99%

O YahoolDOOOOOOOOOOOOODOOOOOODOOOODOOOOODOODOOOOOO
ooo000OuUniDic00000000O00O0DODOOD 20000000000000000DO0
000 YahoolDODDOODOODO 99.80%0 JAPICODOOOOOODO 95.99%00000000
gboooboooobobboboboooobooooooobboobboobooboobDobooDo
O00OUnDic00000O0O0COOO0O0O0O0OOO0ODOOOOOOO%.29%000000000
ooooogoooog

3.2 0O0O0OO
000000000000000 (00 1995)00000000000000000000000
00000000000000000000000 Ngerp00O0O000000000000 NgysO
00000000000D000000000 NeorgOOOOOOOO0O Neor/Nrep0 00000
0000 Neor/Nsys 0000000000 0000000000000000000O0000
0Doooo
oooo

00/00 00/00 O0/000 0/00 0/000 0/00
0ooo

0000/O00 0/00 O0/00 O0/000 0/00
000000000000000000000000/000000/0000000/000000
0D00O00ONecor=3000000000000060000000000000000500
000000000000 0Nger =6, Noys=5000000000000 Neor/Nrer =3/6
00000000 Neor/Nsys =3/50000000000000000000000 FO00
0ooooooQ

3.3 Uuogon

gobooobbOoooobobooobbooob0oobooobb0oooDO ngramO0O0 n0OO0D00ODO
000 negram00 nO0000000 m, M 0000 3000000000000000000
000000000 SVM (Fanet al. 2008) 00000

000000000000 000 2-gram0O00 (HMM) (OO 1999)0 0000 n-gramO0O0O

10



O000O0NEUBIGOOO ooooooooooo

03 000000000000000000000000 (UniDicOO)

oooo ooooo

oo 000 [% | D00 [% | FO | 000 [%]|000 [%] | FO
00 2gram 000 (HMM) | 96.32 96.84 | 96.58 |  93.77 94.27 | 94.02
000 2-gram 00 O 97.44 98.52 | 97.98 | 96.58 97.65 | 97.11
000 3-gram 00 O 97.49 98.53 | 98.00 | 96.70 97.73 | 97.21
CRF(MeCab-0.98) 97.19 98.30 | 97.74 |  96.72 97.84 | 97.28
0000 (KyTea-0.1.1) 98.73 98.71 | 98.72 | 98.07 98.06 | 98.06

04 JAPICOUODOOOUOOODOOOOUOOOOOOOOO (UniDicOO)

0ooo ooooo

oo 000 [% | D00 [% | FO | 000 [%]|000 [%] | FO
00 2gram 000 (HMM) | 86.79 89.54 | 88.14 | 82.96 85.58 | 84.25
000 2-gram OO O 89.42 91.58 | 90.49 | 86.21 88.30 | 87.24
000 3-gram 00 O 89.46 91.71 | 90.57 |  86.40 88.57 | 87.47
CRF(MeCab-0.98) 84.63 91.00 | 87.70 | 82.55 88.76 | 85.54
0000 (KyTea-0.1.1) 94.16 95.28 | 94.71 |  93.02 94.12 | 93.57

(n=2,3)(0000 1998b)0 OCRFO 00000 (MeCab-0.98)(0 00 2004) 00000000
O00O0OCRFOOOOOOOOOOOODOO00O0O0O0O0ONDN00DO000000000000
000 50000000000000000000000000 5,000000000000000
00000000 2-gram000 2-gram0000 2gram000000000000000000
00000000000 1-gam000000000000000 2-gram0 000 2-gram00 0
00 2-gram00000000000000

34 U0U0O0oooon
gooboooboooboooobobobooobooooooboboboooo3ob400b000bDDO
goboobooooobobooooooboooooboooooobboboooooooooaon
gobosOobeb0ODb0ODbOOOODOOOODOODODOOOD
gobobbooooobobooobbooboobobooboboobooooobdd 2-gram
goooogo 2gram0000000 3-gramJ00000000000O00O0O0O0OO0O0O00O0O
00000000 (Oooo 1998b)000000000000000000000OJAPICOOO

11



000000 OVol. No.

05 0000000000000 00000000000 (UniDicO0O)

oooo ooooo

oo 000 [% | D00 [% | FO | 000 [%]|000 [%] | FO
00 2gram 000 (HMM) | 98.18 97.74 | 97.96 |  95.76 95.32 | 95.54
000 2-gram 00 O 99.21 99.42 | 99.32 | 98.52 98.73 | 98.63
000 3-gram 00 O 99.23 99.42 | 99.33 |  98.59 98.78 | 98.68
CRF(MeCab-0.98) 99.60 99.55 | 99.57 |  99.25 99.21 | 99.23
0000 (KyTea-0.1.1) 99.42 99.33 | 99.37 | 98.91 98.82 | 98.86

06 JAPICOUODOOUOOODOOOUOOUOOOOUOOO (UniDicOO)

0ooo ooooo

oo 000 [% | D00 [% | FO | 000 [%]|000 [%] | FO
00 2gram 000 (HMM) | 91.97 93.79 | 92.87 | 88.61 90.37 | 89.48
000 2-gram 00 O 93.29 95.78 | 9452 |  90.17 92.58 | 91.36
000 3-gram 00 O 93.27 95.72 | 94.48 |  90.42 92.79 | 91.59
CRF(MeCab-0.98) 93.25 96.17 | 94.69 | 91.54 94.40 | 92.94
0000 (KyTea-0.1.1) 93.96 96.41 | 95.17 |  92.50 94.92 | 93.70

gbooooooooboobobobooooooboboooobboOonooao

O00OCRFOOODOOOOOO 2gramO000000000OOCODOOCOOOOODOOOO
OO0o0ooooo0ooO0O00ooo CRFOOOOOOODOO 2-gram0000000O00O0O0OO
00000000000 (D00 2004) 0000000000000 000O0O0DOOOOOOOO
gboboooboobboooooooboboooooobobooooboobooobooboDDbOoDO
000000000000000000000CRFODOOODDOOOOOODOOOD®000
gbobooooooboooooogon

o0 rngramO0000O0000000D00D0C 2-gram00000000O00OCODOOCOOO
00000 (D000 1998h)0000000000000000000000O0O00000O00
ooo00ooooooooooo0 ngram 0000 CRFOOOODODOOODODOOOOOOO

SCRFOO00D0000D0O00O0O0OODO (000 2004)00M0O0,000000000000000,000000
oooooooo0o,0oboo00oooooboobo.0oboooocoooobobo0ooooooooooOobOoOoboOobOb0oOon0g
0000000000000 0O000000000000DDOOODDO0O0O0DO0ODOOOO0OD/0DO0O0O00/00 O/0
0000000000 00000000000000000 MeCab-0.9800000000CRFOODOODOODOODOOO
ooo0ooooo00o0oooo0ooo0oooooooooooooooOoDOOo0O0O00 CRFOOOODOOOOOOO 0o
oo0ooooooooooooooooocoboOoOoOoooooon

12



O000O0NEUBIGOOO ooooooooooo

ooo000000 ngramO0000 CRFOOOOOOOOOCOOOOCOODOOOOOOOOO
OOO0DODO0O0O0CRFOOODOOODOODOOOOOODOOOOOOOOODODOOOOOOD 40
oooocrRFOOOOOOOCOOOO0OO0ODOOOODOOODOO0OOOODOO0O0O0000 n-gram
goooooooooooooogoon

gbboooooobooboooooooooooboooooboooobOoooo0oOooO0g 2-gram
0000000 negramO00000000O00O00O00OOO0O0OO (DS00000000O0)0O0O0O
gooooOooooOoOoooooOoOoocCcrRFOO0OOOODOOOOODODOODOODOODOOOO
obooobooooboobooooboboooobogn sobooboobbbobboobooooboon
0000000000000 0O00O0JAPICODOOODOOOO (0D400600)0000000
gbooooboboooooooboooooooooboboboboboboobbooooooag
oboooobbooobooobbboobo 40000000000 O0DOOO0DOO0OOOOOOOODO
ooooooooogoon

gbboooboobboooboboobooobooboooboobobobooboboboboooooooo
goboooooboooooooboooooboooooboooboooobooooboobOoobOooo
gooooooo

3.5 Uugooooo

gboboooboobobooboooobooooobobo 400000000000 0DODO00OD0O0

gbooooooobobo 24000000000000000000000O00DDOOODODO

O00000000O0o00OO00OO0OOOOO0OOOO0OO0OO YabhoolDODODDO

Pointwise:part 00 0000000000000 OCOOCODOOOOO0OOOO0O0:-00000¢O
boodooooooobooboobooooooboboboobooboooobooboooooa
gbooooooboboooobobbwoobboobooooobbooooboooD
goboobooboooooboooboobbobobobooo0oooooooobobooDbn
ggoogoobobooboobobooooooboooooooboobooboobooboboo
200000000000000

Pointwise:full 000000000000 00DOOO0O0O0O0OO0ODOOOOOO0:-000000¢O
gobobobooooobobbobobooooooooboobboooooooooa
gooooooooboobbobobooboboooooboooooooobobooboooo
gogoogogoogd

CRF:part OO0O0O0O0OOOOOOOOOOOOOOOOOOOO CRFOOOOOO:O0OO
Pointwise:part 0 000 000000000000 O0O00O0O0O0OO0O00O CRFOOO
gboooooooooooon

CRF:full 0O000O0O00OCOOO0O0OOOOO0OOOOOODOOO CRFOOOOODO: ODOO

13



000000 OVol. No.

97.1

96.7 N/”"W Pointwise:part
96.3 ~f/N
95.5 W CRF:part -

et

FiE

95.1

04,7 Lt gs

94.3

0 20 40 60 80 100 120 140 160 180 200
T/T—avERE (x100)

06 DoboooobobOoooooOooobooooboboooooo

Pointwise:full0 0000000000000 O000O0DODOO CRFOOOOOOOOOO

goooobOoooooobooooobooooooobooo
gboobboobooobobbobooboboobooboboooobobooooooooboaoono
goobooooooooooenonDOOod

gbboogbooobobbobooboobooooboobobooooboboboobooobobod

ggooobooobobobobobooooobobobooooobobooboooooobobo
gboboooobooooooooobboooobbooboobbooooobobooooooobooboon
gbdgooooobooboooboboboouobuoobobobobooboboobobobobonbog
gboboooobooboobooooboboobooobooooooobbooboboobooboooobooon
oboodoooobgobuoooobbobuooboooboooobuobooobooooon
oboboboooboobooobobooobooboooboboooboboboobooOoooboooooooa
gogobbbobooooooobobobobbooboooobooooobbobobobobboon
gboooooooooboooooboobobobobaobbod

4 0000

gboobogbooobbooboobobobbobooooobobobbobooooobooobn
gbooooooboobooobooboooboobooobooobbobooboooooooooboo
gbboggoogooboooboboooboobooooboooooboobobobouobooa

14



O000O0NEUBIGOOO ooooooooooo

oboobooboobobOooboobboobooOobooooboooobooooooooooobooooboonoa
goooooooobobboooooooooooon

g

0000000000000 00O0000 A(DOODO: 0809004700000 0ODOODOO

ggon

DeRose, S. J. (1988). “Grammatical Category Disambiguation by Statistical Optimization.”
Computational Linguistics, 14 (1), pp. 31-39.

Fan, R.-E., Chang, K.-W., Hsieh, C.-J., Wang, X.-R., and Lin, C.-J. (2008). “LIBLINEAR:
A Library for Large Linear Classification.” Journal of Machine Learning Research, 9,
pp. 1871-1874.

Maekawa, K., Yamazaki, M., Maruyama, T., Yamaguchi, M., Ogura, H., Kashino, W., Ogiso, T.,
Koiso, H., and Den, Y. (2010). “Design, Compilation, and Preliminary Analyses of Balanced
Corpus of Contemporary Written Japanese.” In Proceedings of the Seventh International
Conference on Language Resources and Evaluation.

Graham NeubigD OO0 000000 (2010). “O0000000000O0O0OOOOOOOOOO
O doooogooooo.

000000ooooo (2007). “00000000000000O00OOO0OOOOOOO.> 0000
00,14 (4), pp. 23-42.

00000 (2009). “O000000000O00O0OOO0O0OOOOOOUOOOY OOOOOOO, 24
(5), pp. 616-622.

00000000 (2010). “000000000000O0OO0OOOOO. ODOOOOOOOOO0O.

000000000000000000000000000000000 (2010). “0cOo0000
Oo00ooo0ooDoooooy Doooooooon.

O0000000o00oo0ooUo0o0oo0oooooooooooo (2007). “OC00000O0O0O
go0oopooooooooo0ooooooooooooog. 0oogg, 22, pp. 101-122.

0000 (199%). “EDRO0OOOOO0OOO0O0OOOO0OOOOOO.Y EDROODOODOOOOOO
god, pp. 49-56.

0000 (1999). “000000000 N-best 000D O0OOOOOODOOOO.) OOOOOO
000, 40 (9), pp. 3420-3431.

0000000 (1998a). “n0 00000000 OOOOOOOOOOO. ODOOOOOOOO,

15



000000 OVol. No.

39 (7), pp. 2093-2100.

0000000 (1998h). “O00000000D00O0ODOO0UOODOO0U0OOOY DOOOOO,5
(2), pp. 75-103.

000000000000 (2004). “Conditional Random Fields 0 00000000000 O
goooooooo, NLie1 O.

0000000000000 000OUOoUOoooo (2009). “000000000OOOOOOOOO
oo00oooooOo0O00ooOoooooUooo.y 00oo0ooog, 50 (6), pp. 1622-1635.

oo

M 000199800000000000000000000000000000.
000000000000 (0)00.20070000000000000000
000000. 000000 (00). 19970000000000000000.
20100 00000000000.00000000.

MO 0002090000000000000000000000. 2110000
0000000000000000.0000000000000000000
0o (o)oo.

ONEUBIG GrahamO 2005000000000000000000000000
0000000000000000. 20100000000000000000
0000.000000000000000. 00000. 000000000
oooooo.

MO 0001987000000000000000.198900000000000.
19900 00000000.00000000000.199500000. 19980
000000000000.2003000000000000000000.00
000.000000,00000000000000000000000. O
000000000.1997000000000000000000. 200000
000000000000000.2004000 200800000000000
000000,000000 0000, 00000000,000000,00
0oo00,IEEEO0OO.

16



