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Automatic Word Segmentation
using Three Types of Dictionaries

SHINSUKE MORI ! and Hirok1 ODA

In this paper we propose a new method for automatically segmenting a sen-
tence in Japanese into a word sequence. The main advantage of our method
is that the segmenter is, by using a maximum entropy framework, capable of
referring to a list of compound words, i.e. word sequences without boundary
information. This allows for a higher segmentation accuracy in many real situ-
ations where only some electronic dictionaries, whose entries are not consistent
with the word segmentation standard, are available. Our method is also capa-
ble of exploiting a list of word sequences. It allows us to obtain a far greater
accuracy gain with low manual annotation cost.

We prepared segmented corpora, a compound word list, and a word sequence
list. Then we conducted experiments to compare automatic word segmenters
referring to various types of dictionaries. The results showed that the word
segmenter we proposed is capable of exploiting a list of compound words and
word sequences to yield a higher accuracy under realistic situations.

Vo0l.2009-NL-193 No.14
2009/9/29

1. 0000

00000000000 00000000000000000000000000000
0000000000000 000000D000000000000000000000
00000000000000000000000000000000000000000
00000000000 O0000000000000000000Y? 00000000
000000000000000®Y™Yoooooooon
0000000000000 000000000000000000000000000
000000000000 00000000000000000000000000000
000000000000 00000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000 000000000000

0000000000000 00000000000000000000000000
000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000000000000000000000000000000000000
00000000000D000000000000000000000000000000
00000000000 00000000000000D000000000000000
0000000000000 0000000000000000000000000000
0000000000000000000000000000000000000000
000000000000 D0O00000000D0000O0D00000000000000
00000000000 000000000000000000O0O0000000000
00000000000000000000 (00000)00000000000000
0000000000000 0000000000000000000000000000

110000 oboobooooooboo
Academic Center for Computing and Media Studies, Kyoto University

© 2009 Information Processing Society of Japan



oooooooooo

IPSJ SIG Technical Report
gooodoooooooboooobooboo0oboboooobooobooboOoboooooon
JooooooOoooboooobooboono

2. 0J0O00OOoOoOOooooo

ooboooooooooooboobooooobOoobooooobooocoooooboOoOooo
goboooooboooboobooooooboobooooooooboooooooboOoooooon
oooooboooboooooooooa

2.1 0OO0OO0OO0O
goooboooooooOooobooboOoobooobooboOoooooooooboooooan
gobooobooooooobooooooobooooooooooooooooooonoa
goooooooooooooooood
ob. ooooooogodgoo
gbooboooobooooboodoobooooo20b000b0oo0ooooooooaa
goodo200000000000000020000000000000000000
goboboobobooooooooboooooobooobobooooooooooooooa
gooooooooao

ob: OOboOoooooobod
goboobobooooooooboooooooooooooooooooooooobood
gooooooobooboobooooboobooobobooobooobobOoboooOoDOOoboOoOoOooonn
ooooooobooooooooooooon

2.2 O0O000OO0OO0OOOOO

oboocooooboooooboooobooooooocooboOoObOOoOoOooOoooooooOoOon
0oo¥ P O0000000000000000000000000000000000
gbooooboobOooooooooboooooOooooOooooooobooboooooo
gooobooooboooooooobooboooobooobobOoobOOoboobObOoooooboo
gooooboooooocobooboooooboboooboooOoooooooboDbOoooOoOnn
oboooooooboooobooooobooooooooooboooboobooooDoOoon
gbooooooooooooobooooboooooboooboooooboooooooo

xl 0O0000000000000000000000000C0O000O0O00OOO0O0O00OOOOGOOOGOOOO0
gobooO0o0o0b0O0o0O00000000000

Vo0l.2009-NL-193 No.14
2009/9/29

oooooooo

- : OOOoOooooo

v : OOoOoooooOoOoooobooo
01 000003000

gooboooooooooobOoobooboooobObobooooooooooooooooboo
goooooboooooocoooooooboobbooooooooboOooboOoooboOoooon
obooooooooooooono soecobooooboobooooooononon 2000
gbooobobooooooboooboooobobooboOobOoOoooooooboOooooon
obobooobooooooooooooooooboboooooooboooOoobooona

23 300000
gooooboooooooboooooooooooooobobooooobooOo3onoooa
gooooboooooossoooooooooob10oobbo3sbooooooooogn

e[100ODO:
oooboboooooboobooooboooooboOoooooboooooooboooon
obooooooooooooooboooooooboooboboOoboOoOoOOoboooOOoo
goooooooooooosoboooboooooooooooooann

0-01|
e10ODOO:
goooobooooobOoobooooobobooooooboooooooooooooooo
obobooooocoooboooooboooobOoboooboooobOOooobooooobooo
gooooooooooooooboboooobooooooooo3sbbooooboooon
gooooooooao

Io-0o1g-010
e100ODOO:
goooooooooboooooooobooOoobboooooboooooooboboOoOono
gboocoooobooooooooOooooobobOobOboOobOboOooboboOoboooOooOoono
gooosboooooooooooboooooboonoa

0.0 u0u0uol

goooooooocoOoooboOooboOoooobooOoooOoooooDoooOoOoboOoboobooOoa

© 2009 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

0000000000000000000000000®000000000000000
000000000000000000Y0000000000000000000000
goooboooooooooboooooooobooobOOoobooooOOOoooboOooooDobooo
goooooooooooooooooooooooooo

ooooooooooooooooooooOooOoobOoooobOboobooOooooooo
gooooooooooooobooboooboboobooooboOoooooOooOoobooobooono
oooooboooooooooooooooooooooboooooocooooooooo
gboboooooobooboobooboooboooooOoooooOooOoOOoOobOoboOoobooObOoo
gboooboooooooboooooobooooobobooboooooooooooooboOoa
goooobooooooooooboobooboboboooooobooooobooooooon
gbooooboooooodooooobooooooooooooooooooobooon
gooooo

3. 00OoOd

00000000 30000000000000000000000000000000
0000030000000000000000 (000000000000000000
0)oOoOoooooooo

3.1 0000000000000 00000000

000000000000 0000000000000000000000000000
oooooo'©YYopoo00 z=2122- -2, 0000000 2;0 2,4, 000000
000000000000 0000000000000

0000000000000000000000 E(Y7000)0000000000
0000000 N(«-’000)0200000000000000000000000
0000000000 0o0oo0o000oo0oUU00 (ME model; maximum entropy
model) 0000000 0000000000000 OO0OOOOOOONDOOODOO
000000000000 00000000000000000000000000000

x1 00 oooo CRF(conditional random fields) 00000000000000000000O0O0O00O
0000000000000000000000000000000000000D00D0D000D0000000
O0OCRFOOOO0OO0O0DOOO0DOOO0OO0OO000O0DODODO0000000DO00O0000DOO00O00000
0000oooo0o0o0000o0o0oo00oooooo00o00o0o00000o0000o0o0ooo0oo0ooooaona
00000000000000000000000000D00000000

Vo0l.2009-NL-193 No.14
2009/9/29

goooooooooooooDobOboo0obDobDbOobOoOooOo0oo0obOooboooboon
oood
Pye(Eli,z) > Pye(Nli, x)
Ooo0oo0oooOoooboOooooooooooon
I A A O
Tz, 000000000 ¢, 0000000 SOO0ODOOOO0ODODOODOOOOOO0
S={(ti, fir(x), fia(x), --) |1 <Vi<m—1},
00 fi;(x) 00000000000
3.2 OJOOOoog
oo ;0 ;1 000000000 0O0O0OOOODODOODOODOOOODOD0ODOO0ODbO x;t%
000000000000 0000 ngram 00000 n-gram (n=1,2,3)00000
00*®00000000o0o0oooooon
o OO OUOODDngram 000D O0OOUODLOOODLODODOOOUODLODODODOOO
goboooobobobobot0oodoobDoobobobboboobbboboo
0*0
e IO DOOODODODOUODDDODDOODDDbDOOO
3.3 UUoOoono
gbooboob s3bobobbooooouobbbouooboobo
e 000 220000000 n-gram (n=1,2,3)0000000000000000
00000000000 900 (90000000 ngramOOO0O0O0O)
e J00UODUDO (x4 00)000DOUDOLOOOOOD 400
— 00000000 “P00000000000O0O (UULOUODDODOUOODODOOO
000 ziixi2---0000000000)
— 00000000 “P00000000000O00O (UUDOUODDODOUOODODOOO
o000 -z, 000000000O)
— 000000000 «70000000000000 (~--xxi+a---00000O0O
0000000000000 ;0 3 00000000 “?0000000O0O)
- 0000000 «-oo00000ooo0on (-rxwig---0000D0ODOO

x2 0000000000000000000000000000000 600000
x3 00000000000000000000000000000000000000000000000000
001000000 2720000 ngram (n=3,4,5) 000000000000

© 2009 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

000000000000 000 ;0 2 000 “00000000)
ooooooo

4. O O

gooooooooooooboooooboOooooobooobObOOobOoooooooooon
goboooooboooooooooooOobOooocoobOoobooooon

4.1 0 00O
goooooooobooboooooooobooooooboboooOooooooobooooon
gbooooboooobobooooooooboooooboooooooooooooooon
ooooo (o IDD)DDDDDDDDDDDDDDDDDDDDDDDDDD2)(13,181
0)00000ooO0oOo0ooooO (14,754 0)000000000000O0O0OO0OO
Oo000oo0O0O000ooooooooYyfold000ODOOOOOODOODODDOOOOOO
ogooooobooooosboooooooooooboobooooboood 1ooo000d
goboooodoooooooosboboooobooooooooooooo 200000 30
gooboobooooolboooooboooboOoboboOobOboOoooooOoboboooOoooooo
gobboobooooobooobocoooooobooooooboooooooooooooon
0¥02000000000000000000000000000O0OOOOOOOOO
goboboboooooooooooooooooooobobooolbooooooooon
ghbooooooboobooooboobooooooobOooooooooooooooooo
ooooooboooooooooooooooooobooboooo3ooooobooooboo
oboooobooooocoooooooobooooooobOoooOooooOoobooOoOooa
gboooboooooobooobo10b0b0ob000obooo0oooooosooooooon
gooooOooooooboooobooooboobOOoboOoobOoobooboobooobooboOon
goboooooboooooooooobooooboooobooOobooooOooOobOOobOoOoOooOoo
ooooooon
o2000000000000000O000C0OO0O0DOOCOOOOOOOOOOD0OO
3.04000 3.1200000000000000000O0O0O0OOUOODOOUDO (14000)0O
0000o0o0o0ooOo (1.5000)00000000000 161000000 DODOODO
ubbooooboooooooooooooooooooooboboobooOooooan
4.2 0000
goboooooooooooooooboboboobooooooooboDooooOonon

Vo0l.2009-NL-193 No.14
2009/9/29

01 0000000000

oo oo oo ooo ooo

oo oo 27,935 | 626,700 | 878,089

oo ooo 3,447 77,990 | 109,064
oooo ooo 9,023 | 263,427 | 398,570

o2 00

oo oooo gooo gooo

oo 145,310.0 145,310.0 | 430,797.0
ooo 17,099.5 27,465.3 53,364.4
ooo 19,697.1 - 59,868.4

gooooooooooobooooodg

goooooooooboOoooobooboboooobooboOooooopoboooooDooD
AwSOOOoooooo corRooooono

AwWS: 00 00 00 00 0 0d

COR: OO0 0O OO OO0 OOOO
goooooooboOoooooooooobobooboo0oooDoDOobDOobDOobooDbo
oo nngooooboooooooobooboooboobobooD 1o0bDO0bbODbOOoCbDbbOoO
00000000000 0o0OoO s00000000O00O0O0 5/100000000OOOO
goooboOoobOOoOooOoOooOooOoDOobDOOOObOO0OODOOOObDUOODOboOO
0000d00od0o0o0o0O0DOoDoOooOO00ObOOOOobOOOoOonDO NeogOODODOOO
00000000 000dnD MawsOOOOODODOODOOODOOOODOOUODOODOO
00000000000 00000 NesOQOOOOOODODODOOOOO Nioes/Naws
0000000000 Nres/NecopOOOUOOOOODOOOODOODOOUOOODOOOOO
O000000O000OO0000000000 Nes=3000000000C00000O0
O Neorp=70000000000000000000 Naws=60000000000
0000 Nres/Ncor=3/700000000 Nres/Naws =3/60000

4.3 O O
goooooooooooooooOoOoOoOoobOoOOOo0oOoboOoooOoOoooooo
ooo0ooo0oooo0 BOUOOoOOO)ooooooooooOo 300ooooooo
goooooo

© 2009 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

03 0DO000000000D0o00o0o0

ID 00000000 oooooo ooo ooo ooo
B 0000000000 98.82% | 97.87% | 97.86% | 77.22%
(o] + 00000 98.86% | 97.93% | 97.91% | 77.62%
S + 00000 98.97% | 98.08% | 98.16% | 78.97%
w +oooo 98.99% | 98.13% | 98.13% | 79.12%

04 0OO0OO0OO0OO0O0OO0OOOOOOOOOO

ID 00000000 oooooo ooo ooo ooo
B 0000000000 98.07% | 96.28% | 96.28% | 55.64%
(o] + 00000 98.20% | 96.44% | 96.50% | 56.95%
S +o0oooo 98.72% | 97.39% | 97.47% | 65.54%
w + 0000 98.43% | 96.93% | 96.88% | 60.81%

C: 0000000000ooo0o0od

S: 00o0o0ooOoooooooooog

W. 0000000000C00000
gobooobooooooooooboooooobooooooo3uonooooooooaon
ooooo40000

Os30000o0o00000b0obobobo0o0oo0o BOoOoooooooooooooooo
gboo4000000000D0O0O000O0O00CO0O0O0O0O0O0O0OO0COOC0ODOOOO0
00 cooooooooooooooooooooooooOoooOoOoOoooO0ooDooo
goboooboooooobooooooooooboooboooOooooobooobooboobooobOoo
gooooooooooobooooobobooobooboooooOooDooOooooooDo
goboooooOooooooooooooooOobooboobooOoOoOobOOobOOobobOOobcoDonOn
0oooooo coooooooooooooooOoobooooOooooooooooo
0000o0ooooooOOo0o0o0ooooo woOoooooOoooooooooooooooo
wioOoooooOo0ooOo0oo0o0o000000 450000000000000000O
oooooboooooooooobooboOoobobOboOoOobOOoooboooOooooboboooooan
goooooooooooooboboooboooooOooOobOOoOoOOoOooOobOoOoOoOooa
00o0oo0D0o0ooU0o0ooO0o0O 430,79700 (0 200)00000000000OO
ooooooo9s79l (0D 100)0obUi0ooooooooooUuobDU0ooUooooo
gboooodooooboooooobooobo2ob0b0boboboobooobooboboooooon

Vo0l.2009-NL-193 No.14
2009/9/29

00000000000000000 SsOo00000000000o0o0o0o00000o
00o0o0ooo0ooooo coooooooooOoOooO0ooOoooooooooooon
gooooooooooooboooOoooOoOobocobOOoOobobooooooobooboooooooo
gbooooooooobooooooooooooOooOoOoooOooDOOoboOoboOoboooDooDoon
oooad
0000000 sgoooooooooooocoOoOoOooOooOoOOODOObOOO0BoO0o
ooowoooooooooooooooooooooooooooo000 059,868 0
0O(C200)00000000000 1,373000000000000O0ODO0OOOOODO
goobooboboodoobooooooooooboooooobooooboobooooooonoo
goboooboooooboobooboOooooooboooboOoooooooobooooooonn
gooobooooooooooobooobobobooooobobooooooooooboooo
oooooo
ggooooboooodooobooooooooooobooo0oooooooOoooooon
gooooooao
(1) DOoODOOOUOOOOO0OOOUOOUOOOO0OO0OOOOOO0OOOOODO0OOUODO
gooooo

(2) DOODOOOOOOOUOOUODUOOOOOOOOOOOOOOOOOOOODO
gobooooooooood

gooooooooo

5. b OO0

00000000000 0000000000000000000000Y 00000
n—gram[ll]DDDDDDDDD*lDDDDDDD4)DDDDDDDDDDDDDDDDD
ngram 0000000000 O0O0O0O0OOCOOOO0OOOOOOOCOOOOODOOOO0
000000000000000000000000000% 0000000000000
gbobooooooooooooooooooobooboOoboobooooboOooooobooooboo
goboooooocoooobooobooobobooooboobooooooobooobooooobooo
gooooooooooobooooobobooooooooo

gboobooboooooooooboooooooboobooooooooooooooboon

x1 0000000000000000000000C00O000C00O0O00O00O00000O000O00000O0

© 2009 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

0000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000 0000000000000000000000000000
00o0o0o0ODO0OoOoOn

00000000000 O0000000D000000000000000000000
00000000000D0000000000000O00000000O00O0ooo'® o0
000000000 D00D000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000 000000000000000000D00000000000
000000000000 00000000000000000000000000000
000000000000000000000000000000000000

00000000000000000000000%0000000000000000
0000000000000 0000000000000000000000000 1910
0000000000D000000000000000000000000000000

6. 04000

gobooooooobobooooooooooooooooooobooooooooa
gobobooboooodoooobodobooooboobooooooooooboooooooboboo
gooooooobOoobooOoooooboooooooboobOoboobooooboooooo
gooboooooooboooooobooooooooOoooboOoOoobOoOoOooooboboOoOnOo
goooobooooooboobooboooboooooooobooooooboooooooooon
goooooobooooboobooobooooboooOoooOooboOooooooooooooonn
ooooooooooooooooboooboooooooooboooooooooooon
gboobooboooooooboooooooobooooo

gooocobooooboooobooooobooooooooooobooOoboOooOoOooo
gooooboooboocoooobooooooooooooooboobooocooOOoboobooooOon
gobooooooooooooooooooboobooboOoOooboooooooooboobooooo
gboobdobooooooooooooobooobobooobooooooobooobobooOooaa
gooooobooooooooboboboooboobb0o0o0oooooooooooooa
goboooooooooooooobooboooooooOooooboooooboooboboonba

Vo0l.2009-NL-193 No.14
2009/9/29

g o o0 o

1) 0000000 MUO00000U00D0U00DoDoOOo0ooOL0DUooOooDoUoOoOO 3
O0000000000pp.115-118 (1997).

2) Maekawa, K.: Balanced Corpus of Contemporary Written Japanese, Proceedings
of the 6th Workshop on Asian Language Resources, pp.101-102 (2008).

3) 0000000000000 N-bestDOOOOOOOOOOOODOOODDOOO
000000 Vol40, No.9, pp.3420-3431 (1999).

4) 0 0000 MoOoUo0ooOoooo0UoOOoUOoO0DLDOoUOLDOOoOOoOOO
000 Vol.5, No.2, pp.75-103 (1998).

5) Sproat, R. and Chang, C. S. W. G. N.: A Stochastic Finite-State Word-
Segmentation Algorithm for Chinese, Computational Linguistics, Vol.22, No.3, pp.
377-404 (1996).

6) 0000000 MDO00000OU0O00O0OLUO0OUODDULDLDODODLOOoOO-00O
00000o0O0-000000o00 Vol8, No.l, pp.127-141 (2001).

7) 00 D000 MOU0OO0D00OO Conditional Random Fields 0000000000
O0000000000000VolLNLI161 (2004).

) 0000000 OOCD-O0DDO 4000000 00000 (2001).

9) 0000000000000 0O000OO0ODOO0O0OUO0ODOOn0 Vol42, No.5,
pp.463-467 (2003).

10) 0O0O000O00oO0oooO0OoU0o0oOO0OO00O0oOo0oooOoO0oU0LDoOOooOOoDOooO
0000000000000 O00O0O00 Volll, No.4, pp.3-24 (2004).

11) Tsuboi, Y., Kashima, H., Mori, S., Oda, H. and Matsumoto, Y.: Training Con-
ditional Random Fields Using Incomplete Annotations, Proceedings of the 22th
International Conference on Computational Linguistics (2008).

12) 00000 000000000000 0O0OOo0OU0ODOUOOoDODULDOOoOooOOO
ooooOoooooooooooooOooooOoOooooOoogoooooooooo
Vol.50, No.6, pp.1622-1635 (2009).

13) 0 MO0000000O00U00o0000 MoOoo0ooooooooooUooooo
0000000000 00o0o0oo0oooo0o0oooooooo0ooooooooon
00 Vol.22, pp.101-122 (2007).

14) 000000 OO0 oU0D0O0oU0O0O0DO0OO00OUOODDOOUOODOOOOOO
000 Vol.6, No.7, pp.93-108 (1999).

15) Kwon, O.-W. and Park, J.: Korean large vocabulary continuous speech recogni-
tion with morpheme-based recognition units, Cognitive Science, Vol.39, pp.287-300
(2003).

16) Hirsiméki, T., Creutz, M., Siivola, V., Kurimo, M., Virpioja, S. and Pylkkonen,
J.: Unlimited vocabulary speech recognition with morph language models applied
to Finnish, Computer Speech and Language, Vol.20, pp.515-541 (2006).

© 2009 Information Processing Society of Japan



