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Learning to Combine Outputs of
Multiple Japanese Named Entity Extractors

TAKEHITO UTSUROT | MANABU SassaNO!T and Kivoraka UcaimvmoToftt

In this paper, we propose a method for learning a classifier which combines out-
puts of more than one Japanese named entity extractors. The proposed combination
method belongs to the family of stacked generalizers, which is in principle a tech-
nique of combining outputs of several classifiers at the first stage by learning a second
stage classifier to combine those outputs at the first stage. Individual models to be
combined are based on maximum entropy models, one of which always considers
surrounding contexts of a fixed length, while the other considers those of variable
lengths according to the number of constituent morphemes of named entities. As an
algorithm for learning the second stage classifier, we employ a decision list learning
method. Experimental evaluation shows that the proposed method achieves improve-
ment over the best known results with Japanese named entity extractors based on
maximum entropy models.

KeyWords: Japanese named entity extraction, system combination, stacking,
variable context length, mazimum entropy model, decision list learning
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00000000000000000000 (“4+7)0000000000000000000
0 (“—”)0o0o0

D00i) 000000000 NEey,,00000000000000 000000000
00000000000000000000000000000000

NEev,, = {systems = (r), classsys = “no output”} (4)

4.3.2 000

00000000000000000000000 3)000o00ooooUoooooo
Segby; 00 0000000000000 O0O0O0O0O0O0OOOOOOOOOOOO0O0O000O
OoOO00000000000000 Seybv;,000000000O000O0O0O0O0O0O0OOCOO
0000000000000000000000 3)00000o0ooo0o0oDo0ooooo
0 Segbv;, 0000000000 ¢:0000O0O0O0COOOOOOOOOOOOOOOOOO
gboooboooboooon

class! = /e -
syYs
“no output”
(5)
+/= oy +H/-
classg,s =
“no output”

000000000000000000000000000000000000000000
DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDiDDDdeiwDDDD
ooooooooT™™

4.3.3 ODOOO0OOOOOOOOOOOOO

goobbboooobobooboobooooobboboooobooooooboobboooonn
0000000000000 000000000000000000 3)00oooooooo
0000000 Segby; 0000000000000 DOOOO00000 (B)000000
classiysDDDEIEIIZIIZIIZIEIDDDDDDDDDDDDDDDDDDDDDD(S)DDDDDD
O000000000 Segpy;000000000O0O0OCOOOOOOOOOOOOOOO
gb:000000 classiysDDDDDDDDDDDD(4.4D)DDDDDDDDDDDDDD

0000000 Segpy;,000000000O0O0O0O0O0COOOO:O00000O classt, 000

sys

00 (4.50)0
rO00000000000000O00000O00000000000000000000000OO0O00O000000
On=200000%%"0%%+"0 “++ +70 “+ + +4+70 “+ + =0 “4—"0 “4 — =70 “4 — ——"0 “=0 “——"[]

“— — ="0“nooutput”’00 120000000
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4.34 00O

0 3)0000000oooooooooo Segby;0000000000C0O fOO0OOO
ooooooog (p,...,q)DOODO0OOO0OODOODOOOO FOO (systems={(p,...,q), F)O
goooooooooog

f = { (systems=(p,...,q), F), ---, (systems=(p',...,q"), F') } (6)

000000000 (systems=(p,...,q), FYOOODO p,...,0 0000 (000)00000
000000000000000000000 FOOOOOOOOOOOO00O0O000000
0 FOOOO {mlength=---,NEtag=---,POS=---}00000000000000000
0000000O000yp,...,q00000 (000)0000000000000000000
000000000000000000000

mlength=---, NEtag=---, POS:---}
mlength=---, NEtag:--.}
mlength=---, POS:...}
NEtag=---, Posz-..}

_.}
_.}
.}

classgys = “no outputs” }

Y

S g
wog
||m|:

=
Il
—— = f_'h\f_H/_gf_Hf_Hf_Hf_H
)
S
Q
=S
=
|

00000000000 000 3)00000000D00n0o00n Segkv,0000 (6)0
goooooooO0oooO0 f00O00O0OoO0O0oOO0U0UOOODOOOOOODOODOODO
000080 0000000000000000

i) ooooooooooo {(py...,qDOO0OD0OO0OO0ODOOO0ODOOOOOOOO
gboogoboooboooboobboobboobbobbooboo
i) gboogboboooobobooboboboooobobobooooboboooo

000 f000O0O0000DOOO0000DOOO0OO0ODOOO0OODOOO0OOODO
gbooboogbobgooooboboobobobooboobobobooooboboboo
gboogoboooboooboobooboobooboboobo

0000000000000 00O0000000000O00O0O0000000000000000000 “mlength”
000 1800000000000 “NEteg” 0008000000000 DOODOOOODOODOOOOO “POS”OO
0492600 0000000000000 n=20000000000 fO000000O0O112,11400000
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4.3.5 0O

431000000000 00O0DOoooooooooOooOobOooOoDOOooOoDOoOooOoDOoOooOoOooOon
dooooooooooooo 4000000043200 004340000000000000
goobodooboboooooooboooobobuoo sguon
0400000000000 00O00DO0O00000O0O0DOO0 00O bOObODbO 100000
dddooooooooooooooooooooobooboodooooooooooo
OO00000000O0CO000DOCOO0000O0O0DO0OdSSegEv; ~ SegEv;430 0000000
godooodooooooboobboob oo uooooooobboooboooon
goboooobobooooooobooooobooooobooon
e Segby,: 0000 OCU0DOO0ODOO0ODOOODODOOODOODOOODOOODOODOI1IOO
oo booboboooboboobobuooooog
g1l1goobooooobooobuoboboobobuoooobooobuooooog
oo boooooobo

e SegFv;y;: 0000 1000000000DCOOOOOODOODOOOOODOODOO
gooboooooboooooo oobobobbooouoboboobooogao
oo 1oobboooboboooboooooooooo

e SegFEviyo: 000000000 DOODOOO0OOOOODOODOOODOOCOODODOOO
gobobblgoobooogoob oo bbb ooooooooooa
goboodoooooobooobo 1oobboobobuoooobobooobuoooooo
goboooobooobooooboobb oo oo oo ooooog
agoood

e SegFEvyz3:0000O0O000OCO10000000C0O0ODODOODOOODOOOOOOO

goboodooboobboobooob oo b oo oooo oo
goboooobbobooooooobbooooobobooooa

goboog s oooooooobooboobuoog
000000000000000000 (0000000000000 0DUUoDoooooo
0)0000000000000000000000000000000DO0OooOO0ooooOo
goobooooboboooooob oo booooobo oo

e Segby,: 0000 O00O0O0DO0OOOODOOOODOOODOOODOODODOODOOODO

gooboooobobooooooooooooboooooobo

e SegFEv;y;: 0000000D0ODOOOOOODOCOOOOOODODOOOOOODOODO

EII:II:II:II:IEI{(systemSZ(O),classsys=“nooutputs”>}DDDDDDDDDDDD

e SegFkvy3: 00000000DOCOOOOOODOCOOOOOOOODOOOOOODOODO

goooooooob oo 1gooboobooooa
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04 000000DDOODOOODDOOODOOODOD
oo 000D (oo) goooooooooooo gooo
oogd goooo gooo1
{systems: (0), mlength=1,
N Etag=DATE,
POS=0000 7classNE:—}
oo systems=1(0), mlength=1,
- oo (oooo) (DATE) 0o 100 N Etag=DATE,
cgEvi 100 (0O0D00) 100 (DATE) POS—0000 _
(DATE) - PASSNE =
systems= (1), mlength=2,
N Etag=DATE,
pPOS=0000-0000,
classNE:-l—}
{systems: (0,
classsys = “no outputs”}
oo (0O)
SegEvit1 0o (oo) oonoon systems= (1), mlength=3,
0o o) (ARTIFACT)

( N Etag=ARTIFACT,
POS=00-00-00,
classNE:—}

0000 (Qooo)
oo (oooo)
o (@ooo)
systems=1(0), mlength=1,
N Etag=0ORGANIZATION,
0oo (@ooo) ooo 0ooooo POS:DDDDVCZ‘”SNE:_}
SegBEvi4a oo (ooon) (ORGANI- (ORGANI- B B
0 (@o) ZATION) ZATION) systems=(1), mlength=3,
N Etag=0ORGANIZATION,
pPOS=0000-0000-00,
classNE:-l—}
o@o)
oo (oooo)
ooD (ooo)
o(oo)
{systems: (0, 1), mlength=2,
oo (0O) oooo oooo B
SegBuits oo (o) (PERSON) (PERSON) NEtag=PERSON,

POS=00-00 ,classNE:-i—}
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05 04000000000000D000D0OC0O0ODDOO

go0oooooooOOooboOo0o0o0ooooooboboOoOoOooooOooDOoOooboDOOoD

N Etag=DATE,
POS=0000 7classNE:—}

systems= (1), mlength=2,

N Etag=DATE,
rosS=0000-0000,

classyg :-‘,-}

F,F'O {mlength: 1, NEtag=DATE,

POS=0000
gooooooooad
F’0 {mlength:?,NEtag:DATE7
POS=0000-0000
gooooooooad

gooo od oogd
{ (systems=(0), F),(systems={(0), F’),
systems=(0), mlength=1, (systems=(1), F") } 0oo
N Etag=DATE,
POS=0000,classNg :_} { (systems=(0), F), (systems=(0), F") }
systems=(0), mlength=1, ooo { (systems=(1), F") }
ooo 0
classd,s=——

classgys =+

{systems: (0),
classsys = “no outputs”}

systems={(1), mlength=3,

N Etag=ARTIFACT,
POS=00-00-00,

classNE:—}

{ (systems=(0), classsys = “no outputs”),
(systems=(1), F) }

ooo { (systems=(1), F) }
ooo
FO {mlength:?), N Etag=ARTIFACT,

roOS=00-00-00
0000000000

classgys =
“no outputs”
class

ys —

systems=1(0), mlength=1,
N Etag=0ORGANIZATION,
POS=0000 7classNE:—}

systems={(1), mlength=3,

N Etag=0RGANIZATION,
rposS=0000-0000-00,

classN g :-‘,-}

{ (systems=1(0), F), (systems=(1), F') }
ooo { (systems=(0), F) }
ooa { (systems=(1), F’) }

ooo

FO {mlengthzl,

N Etag=0ORGANIZATION,
pPOS=0000
gooooooooo

F'0 {mlength:?),

N Etag=0ORGANIZATION,
POS:DDDD—DDDD—DD}
gooooooooo

classgys =—
classiys =+

systems= (0, 1), mlength=2,
N Etag=PERSON,
rPOS=00-00 ,classNE:-‘,-}

{ (systems—(0, 1), F) }
ooo

FO {mlength: 2, N Etag=PERSON,

rosS=00-00
oo0o0oo0o0o0oooo

0 _
classiys =+
classg, =+
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44 0O0OD0OOOOO

00000000000000000000000°00000 (Rivest 1987; Yarowsky
1994) 0 000000000000000000000000000000000000000
00000000000000000000000000000000000000000000
000000 f000000000000040000 dasst,, 000000 P(classi,,=c; | f)

0000000000000000000000000000000000000000000
0 f0000000000000:0000 casst, 000 freq(f,class’,,)) 000 L0000

sys sys

freq(f, classiys) > Ly (7)

oooooooooOOoO0o0o0ooooooooooooooonooog Ly,0000000000
ElP(classiys:ci|f)DDDDDDDIZIIZIIZIEIEIDDDDDDDDDDDDDDDDDDDD
gboooboooboooboooboboobo

45 (UO00O0OO0OoO0obObObOOooOoOgoboboooooon
gboboooobooobbooobooobboooboobobooobooobooobobo
0 @3)0000000oooooooon

SegEv; = {NEevy,...,NFEeuvy,}

0000000000 00000DO0O0000D0DO0000D fO0O0DODOO0O0OODOOO0 4
0000 dasst,, 000000 P(cass,,,=c;| f)000000000000

sys

(1) gbooobooobooobooboooboobooboboobooboooooboobo
(2) 000000000000000000000000O0o0oO00O (“+7)0o0ooo
googo

0000000000000000000000000000 P(dasst,,=c; | f) 00000
0000000000000 000000000000000000000004(@G=1,...,n)
000000000000000000000¢dass!,,,...,cdass?, 000900

syso * sys

class!

n
Syss e .,clasAszs = argmaXH P(classl,,=c; | fi)

i, fi i=1

953000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
000D000000000000000000000000

100000:000000000000000000000000000000000000000000000000
00 (“—”)00000000
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5 Hooooon

OO0O00O0OIREXOODOODODOOooOOoooooooooooobooooooobooogooboon
gboooobooooboooboobboobboobbooboooboobobobboon
00000000 0D0O00O0O0 cRLOODODODOOOOODODOOUOO0DOO Dege0O
ooooooooOoOoOoOoOoOoOOOOOOOOOOOO0O00000 Dyermed0ooooon
goooboo 200b000b00boobooboo

5.1 Udogboooboooboo

goobg3sgbobonooboooooboboboboboboobobobooooboon
gbooobooooogsslibooobooboooooobosbobobobobryobooooboonoog
obooooooogoss200ooooobooboboobooorbobooobooosonooooon
gbobooboobbobboobgooss3uboobooboobooboobooooboa

gboooedbO0oboboOobobOOobOOooOoobDobooboboboonoooDoOoon Trld Derr
0000000000000 DyermeD 00000000 FO (B=1)0000000000
goooooobooooooboobooosogbobooobooobooobooooboboooboYbOboboOO
gboogoboobooboobbobbobboboobooboboobooboo

gbooooogoobsoobobobobooboboboobooobooboobobobon
sgboboooobobbobooboboosbobobboboboboboooobon
0000 Dm0 0000000000000 0000O000O0500000000000A0
googoboosoboooobooboooboon

gbooobooobooboooboboobooboo

googooboog =
sugbooboobooooboan

gooooooobooooo oobooobooooobooboooboooobooobooobooobooo
0000 (@DoOO0OD00OD0O000000 (000 My<—30M,>3000=00)0000)000
gooo

Oe0000 7vOO00bOODOoOoOooOoOoryoobobooooosbobobobooboosgo
goboooboboooboobbooboooobboooboooboooboboobobooon
osb00b0o0boooooooooboooooobooooboobogoroooooboon
gboobooboooboobbobbosooboobooobooboboobobooboon
gboooboooboooboobobbooboob
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06 000000 Derma0 000000000000 (FO (8=1)(000/000) (%))

No. 1

Feb. 2002

000 My<_50 My>5000

00 00400 00
7000000 | 80.78 (78.44/83.27) | 80.81 (78.44/83.33) | 80.71 (78.51/83.03)
9000000 | 80.13 (77.87/82.54) | 80.53 (78.22/82.98) | 80.53 (78.37/82.82)
000000 | 45.12 (51.50/40.15) | 77.02 (75.86/78.21) | 75.16 (73.78/76.58)
5000000 81.16 (78.87/83.60)

07 5000000000000000000000 (DOOOO/O0D0000O0) (%)

000 My< 50 M,>5000

00 00+00 00
7000000 | 79.8/852 | 79.8/85.2 | 79.7/91.2
9000000 | 79.7/847 | 79.7/86.1 | 79.5/90.7
000000 | 82.6/27.3 | 81.4/634 | 80.4/72.7

5.2 UUogbbbOooobobobouoodgn

5.2.1 0O0O0OO

goorooboobooosoooboooboooboboboooooooobooss3b0oboon
gooobooboboooooobopbobobobobobooobobosbobobod
goboooboboobbooboobbooboooboobooboooboobooon
gooooooobooobooo rr.I000O0O0O0O0OO0OODOOOODOOODOOODODODO
oooooo TrCo4400 (7)0ODO00O0O0O0 L,0000000000D000000000O0
gbooooboooooooboooboobboobboobboobboobboobobooon
o000 Ts00000000000000000 Dyermad 0000

Trl: Degrr,00 20000 DR, 000000 Dcgrr — DY,

TrC: Dcgr00 20000 DB,

Ly: Depp—D¥R,002000000000000000000000000
Trl =TrC = Dcgy,

Ly: (a)0000

(a)

(b)

0000000 (0000000000000 7rI0 TrCO0000O0OOOOOOOOO
gboooobooooboooobgoobbobbooboooboooboooboboobobooon
000000000000000000 T-CO000000000000O00000O0 (b)0O
gooooooboooboogobobooobobo r-I00000ob00ob00ob0ob0oboonboonDg
goooooOoOooooooOooooOooooboOogoooOoooooo TrCcooooboOO
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[

oo00o0ooooooo

08 50000000000000000000000000 (FO(8=1)(000/000) (%))

go0oooooooOOooboOo0o0o0ooooooboboOoOoOooooOooDOoOooboDOOoD

(a) Trl = Dcrr — DEp,0TrC = DER;, (Dcre00 2000 0)
000 My<_30 M, >3000
00 O0+00 00
7000000 81.54 (78.15/85.23) | 81.53 (77.79/85.65) | 80.60 (77.08/84.46)
9000000 81.31 (77.58/85.41) | 81.26 (77.51/85.40) | 80.60 (77.08/84.46)
NEREEE 83.43 (80.23/86.89) | 81.55 (76.29/87.58) | 81.85 (78.51/85.49)
(b) Trl =TrC = DCRL
000 My<-_30M,>3000
00 O0+00 00
7000000 81.97 (78.51/85.76) | 81.83 (78.22/85.78) | 81.58 (78.51/84.90)
9000000 81.53 (77.79/85.65) | 81.66 (78.15/85.50) | 81.52 (78.51/84.76)
NEREEE 84.07 (81.45/86.86) | 83.07 (79.94/86.44) | 82.50 (79.87/85.31)

(a)000000000MD

5.2.2 0O0O0OO

000000 8000000000000 0D0DDUOD ()0 (L) OODODDODODOOOO
OO0 b)0U0D00000000000000000000000000000000oDOoOO
gboboooboooboooboobbobbooboooboobboobboobobooon
00000000 7TrCcO00000000000000000000O0O0O000000 (b)oO
gboooobooooboobboosbboobboooboooboobogooboobboon
gboooobooooboooboobbooboobobooboooboobboobobooon
gboooboooboooboooboboo

00000 (b)00O0OO70000000900000000000000O0OO0OOOS0
gboooobooooboobbooboobboobboooboosobooobobobbooon
gboobooboobooboobooooooobobobooobooooo vooooobooboo
goooosbooboooboooboobooobooboobobooooobooooboonoo
O00oo0ooooooooooooooooonoodoooooooond My<—30 M,(>3
gboobobooboooooobobooboboboboobobobobosbobobobobod
gboooobooooboooboobboobboobbooboooboobboobobooon
gbooboobobooobooobbooobobobboobboobboooboobobooon

0000o0oo0420000000000000000(1)000000O0O0O0O0OO0O TsOOOOOODOOOOOO
0000 NEList;(Ts) (¢=1,2)000000000000000000000D000OOOOO NEext; (1=1,2)
0000000000000 0O0O000000oO0DO0O0D ()0 (p)D000000D00O0OOOO0O0OODOOOOOO
00 NEList;(Ts) (:=1,2)00000000000000000000000ODOO0ODOOODOOOO (200000
00000000000000 NEList;(Ts) (1 =1,2) 0000000 (b)0000O0Der 0000000000
g0000O000O0OO00O0O0OCDO0OC000000000000000000 Derr,000O00O DCRL—D%OI(%LDDDD
goooooOoooOOooo0o00oooooooooooOOobOOoO0O0oOoooooooOoOooOoOObOcO0O0Oo0oO0ooooon
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gbooooboooobooobgoobboobbooboooboooboobboobobooon
gbooobooobooobooboboo

5.2.3 0J0O0OO0O0O0OO0OOO/0000000

goos00boobooobobooobooobooboobooboobooboboon
gbooooboooobooobogobbobboobooboboobboobboobobooon
(FOOOOOUOOOO)OOUOOoOOOOOooO0OoO0o 90ooooo oo0oooooo
goooooobooboobooobooooobobooobooobobooobooooboooDoobo FOO
gbooboobobooboboobooooa

goubgoboboobbobooboobobooboobobooboboobooboon
goobobgooboboosbboobbboooobbooboooboboooobobboon
0000000000000 os000000+000000 (O)ODDOOOODDODOOS0
gboooobooooboooboobboobbooobooobooobooobobobooon
gbooobooobooobooboboobooboobooobooboobobobobooboon

gbooO0O 1wogbogoboobbooobbooobbobobooobooobbooon
goobboosoobbooobboobbobbbooobboboooboooobboo
OCO0O0o0OoooooTIMEOMONEYO PERCENTOOOOOOOOOOOODOOOOOOOO
gboooobobooobobooboboboooooosbobboboboooboboboo
gbobooobobooboooboobboobboooboooboooboobboobbooon
goobboobobobooobobbooboboooobboobosobbboooobobboo
googobooon

5.24 0O00000DOOO0OOO0OOOOOOOOOO

sugbuooboobooboboobooboobooboobooboobobooobo
gbooooobooooboooboobbobbooboooboooboobboobobooon
gooboooboobooooobooooboboooboo00 ngboooboooomooooboooo
gbobooboooboobbooboobboobooobooobooooboobboon
goooooboooooono@omoooooooooobooobobobooboooboo
gbooooboooobooobgoobboobboobbooboooboobboobobooon
00o000o0o0o0oo0o0o0oooooooo0oooo0U0 (% Oooooooooooooo
gboooobooooboooobgobbobboobooobooobooboboobobooon
oooooooo (%BOoUoooooUoooooUoOoooUo0oooooDoOoooDoOoo
gboooobooooboobobogoobbobboooboooboooboobboobobooon
gboboooooooooobooooobooooooobooooooboooboobobooooon
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09 0D0DO0O0DO:000000000000TrI =TrC = Dere
(FO (8=1)(000)O0O0) (%)

nO000 000000

n>1 n=1 n=2 n=23 n>4
81.16 83.60 86.94 68.42 50.59
5000000 (78.87) (84.97) | (85.90) | (63.64) | (35.83)
(83.60) (82.28) | (88.00) | (73.98) | (86.00)
45.12 53.77 56.63 33.74 16.78
oooooo (51.50) (38.69) | (71.37) | (57.34) | (40.00)
(00O) (40.15) (88.14) | (47.93) | (23.91) | (10.62)
77.02 81.86 79.96 63.19 50.52
oooooo (75.86) (78.57) | (84.82) | (63.64) | (40.83)
(0o+00) (78.21) (85.44) | (75.63) | (62.76) | (66.22)
75.16 79.11 83.02 50.46 22.38
oooooo (73.78) (87.05) | (81.13) | (38.46) | (13.33)
(00O) (76.58) (72.49) | (85.00) | (73.33) | (69.57)
5000000 84.07 85.06 88.96 75.19 65.96
+ 000000 | (81.45) | (85.12) | (87.42) | (69.93) | (51.67)
(00O) (86.86) | (84.99) | (90.56) | (81.30) | (91.18)
5000000 83.07 84.97 87.29 72.80 63.04
+ 000000 (79.94) (84.52) | (85.68) | (66.43) | (48.33)
(0o+00) (86.44) (85.41) | (88.96) | (80.51) | (90.63)
5000000 82.50 85.11 87.73 71.04 50.89
+ 000000 (79.87) | (86.76) | (86.12) | (64.34) | (35.83)
(00O) (85.31) | (83.52) | (89.41) | (79.31) | (87.76)

000 My<-30M, ;0000000000000 00000000000000500
0000+000000(0O0)DDO0OO0OO0O0DU00D0DO0O0O0O000DO0O0OO0O000DO0DoDOmOoOoOo
00 (OO0) 00000000 0o0ooo00U0o (00)ooooooooooooooooo
gooooboobooboboboboboooooooboobobboboboobooooa
00000000500000000000000000000000 @O U0MOMOmoo
000000 o0moo)0o0%oo00000500000000000000000
gboboooboboooboobboobobooobooooboobbooobooobobooo

89



oooooo Vol. 9 No.

010 0000000: 00000000007TrI =TrC = Dere (FO (B

1

Feb. 2002

H(@oD)(@oo) (%)

ORGANI- [ PER- | LOCA- | ARTI- | DATE | TIME | MONEY PER-
ZATION SON TION | FACT CENT
67.74 81.82 77.04 30.43 91.49 93.20 92.86 87.18
5000000 (58.45) (79.88) | (71.91) | (29.17) | (88.85) | (88.89) | (86.67) (80.95)
(80.53) (83.85) | (82.96) | (31.82) | (94.29) | (97.96) | (100.00) | (94.44)
35.48 48.45 38.47 5.80 78.60 56.90 60.61 87.18
0ooooo (37.40) (48.52) | (32.93) | (22.92) | (81.92) | (61.11) (66.67) (80.95)
(00) (33.75) (48.38) | (46.26) | (3.32) | (75.53) | (53.23) (55.56) (94.44)
65.30 78.56 72.46 26.92 88.51 77.36 80.00 89.47
0ooooo (57.34) (77.51) | (66.59) | (29.17) | (88.85) | (75.93) (80.00) (80.95)
(00+00) (75.82) (79.64) | (79.48) | (25.00) | (88.17) | (78.85) (80.00) | (100.00)
63.96 76.81 72.29 25.00 86.96 54.21 73.33 81.08
0ooooo (54.57) (78.40) | (68.52) | (20.83) | (84.62) | (53.70) (73.33) (71.43)
(00) (77.25) (75.28) | (76.49) | (31.25) | (89.43) | (54.72) (73.33) (93.75)
5000000 72.18 84.15 79.58 38.71 92.86 93.20 92.86 87.18
+000000 (62.88) | (81.66) | (73.61) | (37.50) | (90.00) | (88.89) | (86.67) (80.95)
(00) (84.70) | (86.79) | (86.61) | (40.00) | (95.90) | (97.96) | (100.00) | (94.44)
5000000 70.19 83.41 78.22 35.29 92.64 92.16 92.86 87.18
+000000 (60.66) (81.07) | (72.15) | (31.25) | (89.62) | (87.04) | (86.67) (80.95)
(00+00) (83.27) (85.89) | (85.39) | (40.54) | (95.88) | (97.92) | (100.00) | (94.44)
5000000 68.82 84.46 77.50 31.46 91.85 93.20 92.86 89.47
+000000 (59.28) | (82.84) | (72.15) | (29.17) | (88.85) | (88.89) | (86.67) | (80.95)
(00) (81.99) | (86.15) | (83.71) | (34.15) | (95.06) | (97.96) | (100.00) | (100.00)
011 00000000000000000000000
50000000000000 (000 My<_50M,>;000=00)000000
000000 [ 5000000 O O O O O O O OJoJoJo]JaO
0oooo 00o00omo O O O O O O O O |0 |o]o]ao
0000000000 O O O O
00000000000 O O O O
0o (%) 280 [ 182 [15]004 [ 18[425 ] 24 [48] 0 JO ] 0 JoO7
00000 (%) (000/000) (0O0O000) 921 (2194/2382) (00O000) 7.9 (188/2382)
50000000000000 (000 My<_30M,>3»000=00+00)000000
000000 [ 5000000 O O O O O O O O[O0 JoJoJaO
0oooo 00o0oomo O O O O O O O O |0 |oj]o]ao
0000000000 O O O O
00000000000 O O O O
00 (%) 678 ] 44 [1.7] 02 [26]103 ] 89 [26]01] 0 J]o07]07
00000 (%) (000/000) (0O0O000) 87.1 (1315/1510) (00000) 129 (195/1510)
50000000000000 (000 My<_50M,>;000=00)000000
000000 [ 5000000 O O O O O O O O JoJoJo]JaO
0oooo 00o00omo O O O O O O O O |0 |o]o]ao
0000000000 O O O O
00000000000 O O O O
00 (%) 673 ] 61 [11] 01 [15] 106 [104]25] 0 [0 J01]o04
00000 (%) (000/000) (0O0000) 86.6 (1297/1497) (00000) 134 (200/1497)
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gbooobooobogoao

00000000000000000000043.100 (3)000000 Segkv,0000
goooobooooo

SegEv; = {NEListevy, q4,...,NEListevy o} (8)

000000000 NEListev,,, ,00000000000000000000O00O0O00O0O
000000000000000000000%043.100000000000000000
gbooobooobooobooboboobobooboboon

i) gboogbobooboboooobobobooooboobobooooboboo
googo

i) gboogboobooboboobobobboobobobobobooooboboo
goooobood

)000000000 NEListev, . ,0000000000000000O

NEListevy,.. ., = {systems ={(p,...,q), mlengthList =y, ...,z morphemes,
NEFEtagList =---, POSList="---,
classListNg :—l—/—,...,—l—/—} (9)

000000000431 00 4 00000000000000000O0O0O00O0OO0O0OOO0O
000000000000000000000000000000000000000014) 0
00000000 NEList, 01043100 (4)0000000000000000000O0O0O

NEListev, = {systems = (r), classsys = “no output”} (10)

0000000000000000000000000000000O00D0oOoOO00 (8)0
goooooboboobobob43200000000000000000000DODODOO
gbobooooboooboob«:0obobooobbooobbobbooobooobobooon

goooobooooooooooooooboooooOoboobo43100000000000DO0O0OOOOODOODOOOOO
g0o0000000OO0O000000000oo0ooooooOOoO0Oo00O00O0ooooooooOooOoObocoOOob00o000o0o0o
0000000000000 0D004.34001)000i#)00000000000000000O0O0OO0OOOOOOO
ooooooooobooooo
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012 5000000/000000000000000000000000
0000000 (FO (3=1)(000/000) (%))

(a) Trl=TrC = Dor,0000000
000 My<_50 M, >5000
00 00400 00
7000000 | 81.81 (78.80/85.07) | 81.70 (78.51/85.16) | 81.47 (78.58/84.58)

9000000 | 81.21 (78.01/84.68) | 81.38 (78.30/84.73) | 81.46 (78.51/84.63)
0oooo0o 81.12 (76.65/86.15) | 81.48 (77.36/86.06) | 81.37 (78.37/84.61)

(b) TrI=17rC = Dop,0000000
000 My<_50 My>3000
00 00+00 00
7000000 | 81.71 (78.72/84.93) | 81.58 (78.37/85.07) | 81.35 (78.44/84.49)
9000000 | 81.16 (78.08/84.50) | 81.22 (78.37/84.28) | 81.29 (78.58/84.19)
000000 | 80.94 (76.65/85.74) | 81.40 (77.29/85.98) | 81.24 (78.01/84.75)

gboooboogd

class? _ /= =
sYs -
“no output”
+/= oy +/ -
classg,, = 7
“no output’

0000009 oO00o0o0oo000000000 NEListevy,.. 40 mlengthListd N EtagListD
POSList00000(10)00000000000 NEList.O classs,, 00000000 =0
gboooobooobbooboooboobbooboooboobboobboobobooon
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00000000000 7Ts0000000 Dyermud 0000000000000000O00O0
goooogooboooooboooboooo Irsbooooboobooboboboobobobooboo
0 12() 00000000000O00000O0O0O0OO0O00O0O0O043400 (60000
0000000000000000000000 (0000000000000 00000O0
O00000000o0o0o0oo0oOo0ooDo0o0oo0o0O0oooO 1200000000 0oo
goboooobooobboobbooon P(classiyszci|f)|:||:||:||:||:||:||:||:||:||:||:||:||:|l:|
OT7sO0obogboobobooogobooboooboooooogooon

0120 ()0 (b)00OODOD0ODO0DODO0OO0O0OOOODO0OO0OOOOOOOOOOOOOOOOOO
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oooooooooooooooooooo0Ob0o0o0b00oooooooooooOooO0O0bB
gooooooooooOOO0O000000000000ooooooooooooooooOooOon
ooooooooooooooooooooooOob0bo0o00oooooooooOoO0bbB
oooooooooooooooooooOoOoOOObO0O0bO00ooooooooOooO0ObbB
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ooooooooooooooooooooO0Ob0o0o0b0ooooooooooooO0bbB
0000000000000000000000000000D0D0OO0® 0000000000
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ooooooooooooooooooooO0ob0oo0bo0o0oooooooooooO0bbB
oooooooooooooooooooooooooooOb0bObO00ooooooooOoDObB
goooooooooooboooooooooo
oooooOoO0o0o0o0oooooooooOoOooOOOO0oOoOoooooboboooOoOO00o00n
0000000000 (@Oo0,0o00 2000; Sassano and Utsuro 2000) 0000000000
ooooooooooooooooooooOoboooobo0oooooooooooOooO0O0bbB
ooooooooooooooooooooooooooOob0b0bo0ooooooooooDbn
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6.1 UOUgoooooood
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(1) gooobooobooobobboobboobboobboobobooboo
(2) gbooobooboobobobooboboobobobooboooboobobon
gboooobooboobobooboboobobobbooboobobobobon
gboooboooboooboboon
0000000000000 00000000000000000O000ooUoOO (Hooo
(2)000000000000000000000O000OO
000(1) 0000000000000 UooO0o0oooooon
i) 0000000000000 0000 (00000000000 oDO0OO0OOoDOooOo
00000000000000000000000000000)Y00DoooO0O0O

13000000000000000000O0O0O000O00O0ODOOOOO0OO0

93



oooooo Vol. 9 No. 1 Feb. 2002

O00000000000000000 (van Halteren et al. 1998; Brill and Wu 1998;
Henderson and Brill 1999; O, 0 2000; Sang 2000)0

i) )00000000o00o0o000O0o0oDo0oUO00o0o0oo0D (boooooo
0000000000000 00000000)00000000D0000oO00
00000000000 (Sang 2000; OO, 00 2000)0

iii) goodboobobooobobbobooobooooooouobooooboo
000000000000 bagging O (Breiman 1996a) O 00 O (Henderson and
Brill 200000 0000000000000 000O0OO0OOOOOOOOOOOO0O0
goobooooooodooobobobooooooboboooobooao
00000000000 (000000000)00000 boosting 0 (Freund and
Schapire 1999) 0 00 O (Haruno and Matsumoto 1997; Haruno, Shirai and Oyama
1999; Abney et al. 1999; Henderson and Brill 2000)0

gobooobooobboobbooobobooob oo boobbooboboooo

gobooobooobooobboooobooob oo buoobobooon

000000000000000000000000000000000000WO000ooOo

gooooooooog

|:||:||:|(2)|:||:|DDDDDDDDDDDDDDDDDDDDD14D

i) 0000000000000 000000000 (Breiman 1996a; van Halteren
et al. 1998; Brill and Wu 1998; Henderson and Brill 1999; O, 0 2000; Sang 2000;
Henderson and Brill 2000; O O, 00 2000)0

i) goooooboooooooooobooboobooooooooooooooooad
0O (Henderson and Brill 1999; O, 0 2000)0
iii) |:||:||:||:||:||:||:||:|i)|:||:||:|ii)|:||:||:||:||:||:||:||:|DDDDDDDDDDDDDDDD

00 (000000000000)0000000000000000o0ooOooooo

0000000000000000 stackingd (Wolpert 1992)00 0000000

00000000000 (van Halteren et al. 1998; Brill and Wu 1998; Sang 2000)0
0000000000000 000000001) 000 #)000000 iii) 0 stacking0 OO
000000000000 000000000000D0D00000O00O00D0n stacking OO
gooooooboobobuoooooooob oo booobooon
goboooboooboooobboooobooobuooobooobbooobooon
00000000000000 (000000000000 UooOO0)yDoooooooo
0000000000000 0000000000000000000000000d bagging
O0 boosting 00 OO O0OO0O00ODOOOO0OOODOOOODOOODOOOOODOODOOOO

14 boosting 0 0 0000000000000 O0OOOO0OOOOOOOOOOOOOOOOOOO0OOOOOOOODOO
go0oo0oooOoooOo00oooooooDOOooDo
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6.2 Stacking [

OO00000O0OstackingO0ODOOO0O0O0D0OO0OO00O0DOOstackingdOOOOOOOOO
gboogoboooboooboobobbooboobooboobooboboon

stacking 0 0 0 (Wolpert 1992) 00 0000000000000 OD0O0O0O0O0ODOOOOOO
00000000000000000000 (Breiman 1996b; Ting and Witten 1997; Gama
2000)00 0 0 O (Breiman 1996b) 0 0000000 O stacking 0000000 O (Ting and
Witten 1997) 000 0000000000000 0O0ODO0OOODOOOOOOOOOOOO
gboooobooooboooboobbobbooboooboobboobboobobooon
00000000000000000000(Gama 2000)00000000000 stacking O
O0n00000000000000k(l<k<n)000O0OODOO0OO0OO0OOOOOOER-1000
gboooboooboobboobooboobooboboobooooboobobooboon
OO0000D000 stackingOD OOOOOOOODOOOOOOOOODOOOOODOOOODOO
gbooooboooobooobooboobboooboooboooboobboobobooon
gbooobboooobooboooobooboobooboon

000000000000 0OC0ODOD0O0O0OD stackingOOOOOODOOOOOOO
00000%00000000000000000000000000000000O0O0000
gbooooboooobooobgoobboobboobboobooobooboboobobooon
O0000000000000 stackingOOOOOO (Brill and Wu 1998; van Halteren et al.
1998)0000000000000000000000000000O00O0D0O00O0O00OO
O00000000000000000 stackingOOOOO0O (Sang 2000) 000000000
gbooooboooobooobooboobbooboooboobboobboobobooon
0000000000000 D00DOO (Borthwick, Sterling, Agichtein and Grishman 1998) O O
gboooobooooboooobgoobboobboooboooboooboooboobobooon
gboooobooobobooboboobboobboobooboboobboobboobobooon
gbobooooooboooboooboobboobboooboooboooboobooan
000000000 (Freitag 200000 0000000000000 00O0O0O0OOOOOOOOO0O
gbobooobooooboooboobbobbooboooboooboobobobboon
OO0000D00O00O stacking0OOOOOODOOOOOOOOODOOOOODOOOODOO
gbooobooobooobobboon

gbooobooboooboobboobobooobobbooboobobooboooboo

15 “stacking” 0000000000000 OOOOO
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goooboodooboboobobdoobbooobbbboobbbooobboobbooboo
goodoooboooobobobobooboboboobobobboooooobooobooooouoa
000000000000000 (0O00)00DU0ooO0o0oUoO0oooUooOooUoooooo
000000000000 000000000000000000D00000 stackingOOO0O
oo booboooboobobobobboobbboobbo0oUoUoo
goodoogooogoboboouogooogodddlllUUUU L O
000000000 (Borthwick et al. 1998) O 0 00O O O O (Borthwick et al. 1998) 00 00O
oo obbobobobobbobboobbboooUUUUUo o
goooobobbobbooooobbbbooooooobo

6.3 U0OUUOOgooboooooboboood

goooooboooboboboooobbooob bbb bbb ooobD
000000000000 (000 2000)000000000000000 (Sekine et al. 1998;
00 1999)0000000000000000 (Borthwick 1999) 0000000000000
O (Sassano and Utsuro 2000)0 SVM(support vector machines) D 00000 (0O O 2001)
goddooooooobobobobooobobobobbboobooobboo0UuUUo o
00 (Sassano and Utsuro 2000) 00 0000000000000 0OO0OOOOOOOOOO
oo bboobobobobbbobboobbooobbooo0UUUUo o
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O00Ostacking 00000000000 DOO0OOODODOOOOOOODODOOODOOOO
gooooboooogoobobooobobooobboobobboooobboboboobbDoobobo
stackine0 0 0000000000000 00ODO0O0O00OO0OOOOOOOOOOOO(@WOO
2001)00000000000000000O0D00O00O0O0O0O0O0O00O0O0OO0O0O0OOO
g boUbUo o
000000O0stackingO0 000000000 DOOOODOODOODOOOOOOOODODOODOO
0000000 200)0000000000000000000000O0O0O0O00O0O0OO0O
ool ogg o
gL b bbb oL OobbbbbOoo
goooooboboooooooobobobotbdoooobbbbboooobbbbbboooodg
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