00o0oooooog Vol 52 No. 12 3328-3337 (Dec. 2011)

guoouboooobbbooooooonod
guoooobogd

0O o o o o o o ot

oooooooooooooooooooboooOobobboooboooooooo
goooooooooooOoOoObOoO0o0o0ooooooooooooOObObbOo0o
goo0o0oboooOo0oooOo000O0o0bOoO0oO00bOOO0O0O0O000b00000
goboooooooooOoboOoOo0oOooooooooooooOobobobOOobboOoOo
goooooooooooooooOoObobooOoboooooooooDooOObObbOOonoo
goo0ooooooooOOoOboOoO0o00000oooooooooOooObObb0o0000o
goooooooooooboOo0ooooooooooooooobobooOoOooooo
Oo0oooOWebOOOOOOOOOOOOODOOOOOODOOOODOOOOOO
g000ooooO0O0O0O0000ooooooboboo0ooooooooon

A Discriminative Approach to Japanese Zero

Anaphora Resolution with Large-scale Case Frames

RyoHE! SAsANOT! and SADAO KUROHASHI2

‘We present a discriminative model for Japanese zero anaphora resolution that
simultaneously determines an appropriate case frame for a given predicate and
its predicate-argument structure. Our model is based on a log linear framework,
and exploits lexical features obtained from a large raw corpus, as well as non-
lexical features, which represent syntactic and discourse preferences, obtained
from relatively small annotated corpus. We report results of zero anaphora res-
olution on Web text, and show the effectiveness of our approach. In addition,
we also investigate the relative importance of each feature.
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Table 1 Example case frames of ‘yaku (bake/have difficulty /burn)’.

0O 000000 FEEGEEEE
00 (1) 00 0:39,00:26, 0:22, CT-0:0.620, NE-0:0.116,
00019, ---,00:2,---  CL-887:0.070, - - -

00 00:9265, 00 0:4495, CT-000:0.711, CL-883:0.221,
0:4057, O :2002, - -- CcT-0000:0.105, CT:00:0.077, - - -

00 O0O0O0:35 00:33, CT-000:0.233, CT-000:0.171,
000:29, 00:21, --- CL-624:0.076, - - -

CT-0:0.372, NE-0:0.128,
CT-00000:0.128, ---

00 (2) OO0 0O:7,00:7,0:5,
Oo0:4,00:3,00:3, ---

00 0:6864 CT-0000:1.000
00 00:70, 00:52, 00 :43, CT-000:0.432, CT-0:0.172,
00:40, 00:32, 0:30, --- NE-0:0.060, - - -

02 0J00O00000O00oOoOoOoooOoooboooobooooo
Table 2 Examples of clusters, and nouns that have high probabilities of belonging to the clusters.

CL:32 00 (0.974), 00 (0.738), 000 (0.727), 000 (0.436), - - -

CL-70  CD(0.896), DVD(0.837), CDROM(0.603), 000000 (0.512), - - -
CL-291 000 (0.720), 0100 (0.715), 00 (0.681), 00 (0.678), - - -

CL-624 00 (0.926), 00 (0.925), 00 (0.882), 00 (0.868), - - -

CL-884 0000 (0.860), 000 (0.801), 10O (0.793), 10O (0.749), - - -
CL-887 0O (0.909), 00 (0.875), 00 (0.838), O (0.775), 00O (0.774), - -

oooOocCcLoooooooooooooooooooooooooooooooooog
gbolooobooooo2oc00bboboobboooooboobobooboboo 200000
goboooooooooooboobooooobooooooobbooooooboobooooobonoo
gobooooooooooooon
gooooooooooooooooooooboobooboOooooooocoroonooonoo
goooooooooooooooooooboooooooboooooooooooDoonoo
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(0.896 x 3106 + 0.837 x 2066)/(3106 + 2066 + 271) ~ 0.829
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Table 3 Examples of possible combinations of a case frame cf and predicate-argument structure a
for the predicate ‘yaku’ in (i).

<00000:000 ()0 00:0,00:0,00:00>
<00000:000 ()0 00:0,00:0,00:(0000)>
<00000:000 (A 00:(0000),00:0,00:0>
<00000:000 ()0 00:00,00:0,00:(0000)>
<00000:000 (2)3 00:0,00:0,00:00>
<00000:000 (2)4 00:0,00:0,00:(0000)>

SO W N

UDO0D0D0(b)0000000000D0D0O* 0000000000000 oO*?0
gobooooooobooooboooobooooboobooobooo

4.2 O0O00O0O0OO0OO0OOOOOOCOOO0O0OO
goooooooooboooooobobooooobooboOoooooobooooonoo
000000000001 0000 ()0D000O000D00O0O0OO0OOUO 300000
gooooooooooooooooobooooooooooooooDooboOoooooDoon
gooooooo

Sasano 0 00000000000 O0OO0O0OOOOOOOOOOOOOOOOOO
goooooooooooooboooooooboooooooboboooooooDbooDboo
Oo0oooooooOo«wo0o0dU0 pOO0O00OODODODOODOO efooooag
oobooooboobb eO0OO00ODOOOODOODDOOOODOOODOOOOOOODO

P(ef.alp.t:A) = 7o exp{A - Flef.a.p.1)} 1)
Zpt)= Y exp{A-F(cf,a,p,t)} (2)
{cf,a}eC(p:t)

O0O0O0OFOS000000000000000000000AODODODOOOOOOOO
ooooooooocC(p,t)UOOUDLOODODODODODOODODOODOOOUDOOODOODOOOOO
goboooooboooooooobooooboooo

43 0000000

00000000ONODOOOOOOO0000 {(@V,p®,tW), (a®,p®,t®),
oy (@™ ™M) N 00 0000000000000 000000000000 ef O
00000 ADOOOOOOOOOOOOO0O0O0

N
ggﬁ{g;bgpwfm%fmhwitm¥A)—aIAF} (3)
O000CF = (¢fW,ef®,...,ef M 000000000 O0ODOOOOOOOOOODO
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
cfO00000000000000O00000000O00O000

(1) 00000 ADOOOOO*O

(2) 0000DO0O0OO0OOOOOOOOOOOO AO Pef,alp,t;A) 000000000
O000000000000000 ¢f™ 000oo0o

c}‘(n) = argr?ax P(cf(">, a™ |p("), AR A) (4)

0000000000000 0¢f™ 000000000000000000000
0O ADD0O0DODOODOOOOO

(3) 00000 ¢f™ 000000000 ONODOOODOOOODOO {(cf®,aV,
p(l),t(l)), (cf(Q),a@),p(Q),t(Q)), . (cf(N),a(N),p(N),t(N))} oo0o0ooooooo
0000000000000 AODODODO(2)0000000000000000
0L, 0000000000000000000000 ADO0OOO

N
Ly = log P(cf™,a™|p™,t™; A) — af |A]|? (5)

n=1

0O ()000000 A0 L-BFGSO'¥®OOO0000*0000000000000 (2)0

x1500000000000000000000
x2 0000000000000000000000O0 20000000000
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«3 000000000000D000D [0,1]0000D0000D0DODOOODO
x4 0000000 a=100000
*5 libLBFGS 1.90 http://www.chokkan.org/software/liblbfgs/0 000000
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5. Jogoood
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0% 00000000000000000000000000000000000000
000000000000000000000000%00000000000000 10
goood

score(cfi, C Ak, p) = logP(cfi, CAr|p) = logP(cfi|p) + logP(CAklcfs) (6)

p00000000c;000000000000CA,0000000000000000
0000001000000 p00000000000000 ¢f;00000000000
D00D0000MmMO 20000000 ¢ 000000000000000 CA,000
goooooooooooooooobooooooooboobooooobobooooDboonoo
gooooooooooooooooooooooooooooooobooooooDoobonoo

x1 00022 00000000000n00nooD f0000000000000000000 s; 00000
f000000000DDOO00 f; 00000 P(fylsy,f;) 000000 /000000000000
gooooooooo f, 0000000
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{P(AG) = 1lefi ) x Plug.cylefis s, Alsy) = 1)}

—

P(A(s;) = 0lcfi, s5) (7)
s;5:A(s5)=0

O000s; 000000 ¢f; 000000O0n; 000000 s; 00000000O0OOOO
¢;0n; 00000000A(s;) 000000 s;,000000000000000000
100000000 0000000000 P(n,¢lcfi,s;,A(s;) =1)000000 s; 00
goboboooooobooooooobooooboo0 00000 ;0000000000
Ooo0oo0ooooooa
P(nj, cjlcfi, s, A(s;) = 1) = P(njlcfi, s, A(s;) = 1) x P(cj|s;) (8)

P(els;) 00DO00DDDO0OO0ODO00O000000000000000P(nylcfi,
s;,A(s;) =1)00000000000000000 (7)00 P(A(s;) = {0,1}[cf:, s5)
go0odooooboobooooodooooooooooooon

0od PMI

godooboooooooooooooboooobodobooooboooooooooo
go0doooooooooooooopPMIODOOOOOO0OO0OOOOO0OOOOOOODOOOO
godoooboooooboooooboobooooobooooooooooooooooa
Oo0o0oooooooono

eg. log{P(00 |00000:000 (2)000)/P(O0)}

OO0000000o0o00o0oooooo0o0ooo0ooo0ooooooboooobooOoooo
O00000o00oo0oooooooooon 7*2DDDDD

ooooo PMI

0000000000 000b00000000oO0o00o0oo0oo00o0o0o0ooooooooo
go0o00o00o0ooOoo000o0ooo0oobOo0ooooboo0ooooooobobooo0obooOooooo
go00l00000O0O0OO0OOODOODOOO0O0OO0OOOOOODO

e.g. log{P(CL-32/00000:000 (2)000)/P(CL-32)}

2 0000000 v =10g(0.000001) OOOO
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0000 PMI
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00000D0D000000D000000000000

e.g. log{P(CT-0 |000D00:000 (2)000)/P(CT-0)}

0000 PMI

0000000000000000000000000000000000000000
00000000000000000000

e.g. log{P(NE-O |000D00:000 (2)000)/P(NE-O)}
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00000000000000000000000000000000

0000000000
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00000D00000000000000000000000000000000000
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10000000000000000000000000000000000000000
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000 000000000000000000000000000000000 10000

00o0oooooog Vol 52 No. 12 3328-3337 (Dec. 2011)

04 0OO00000O0O0O0OCOOOOOOOO
Table 4 Examples of case/location categories.

O00Intra000000006400000

Itopic: oooooooooooooo

IP-self: 0000000000 (Parent)

IC-self: 0000000000 (Child)

IGP-self: 00000000000000 (Grand-Parent)
IGC-self: ooooooooo0ooood (Grand-Child)
IB-self: 0000000000000 0 (Before)
TA-self: 0000o0ooooooooo (After)
IP-ga-ov: 0000000000000 o0o (oo0)
IP-ga-om: 0000000o0ooooooooD (oo)
IP—_wo—ov: DDDDDDDDDDDDDDD(DDD)
IGP—ga,—OV: DDDDDDDDDDDDDDDDDDD(DDD)

0D0000Before00O0OOOOOO21 categoriesd
B1: goooooo

Bl-ga-ov: 0oo000000000ooooo (ooo)
Bl-ga-om: 00000000ooooooooD (oo)
B1l-wo-ov: 000000000000000 (0o0)
B2: 200000

B2-ga-ov: 20000000000000 (0DOO)

B3: Jooooooo

0000003000000 <00000:000 (2)000:0,00:0,00:00>00
00000000000000000000000000000000000000000
00000000 MO00D0000000000000000000000000000
0000000000000 400 Ttopicd IGC-self 00DO0O00D0 10000000
0000000000000 00 WebODOODOOODOODOOODOODOOOODOOOO
oDooooon

ooooDoog
0000000000000000000000000000000'Y'Y 000000
00000000000000000000000000000000000000000
000000000000 10000000000000 100000000 00000
e +20000000D00000DDO0OOOOOOODO
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Table 5 Experimental results on the Web corpus.

ooo ooo FO
Sasano 0000 ) 0.341 (233/683)  0.306 (233/762)  0.322
000D000000000000 | 0.334 (228/683)  0.412 (228/553)  0.369
0000000000000000 | 0.379 (259/683)  0.403 (259/642)  0.391

goboooobooooooooooobooobooouo1ooboO0obOoOobOoOobOoUODOo
gooooboooboooooooobocoooboboboOoOoUoOoOoOoboOoOoOoooboooOoOoODbon
gooooooooboooboooooooobooooooboboooooobooboboboOooooDoo
000000000 oo0oooooooooooooecbooobvboooooooooo
ooocbooobvbOOoOoOoooooooOoooooooooooooooooooooo
gooooooooooooooooooobooooOobooOoboOooooooboooooDoonoo
gooooobooboooboooooooobocoooooobooOooooobocoooooboo
ooboooobooooooooooobooboooon

6.2 WebOOOOOOOODODO

WebOOOOOOOOOOOOOOO 50000050000000000 Sasano O
000000000000000000*0000000000000000000000
gooooooooooobooooboooooboobooooobooboobobobOoDo
gobooooobooooooooboooobooboooobooooooo

gobobebO0O0OO0OO0ObOOOOOOODOOOODOODODODDODOOOODOOOOD
gooooooooooobooboooobooobooooooooooooooooooon
gobooooooobooooooobooooooooooboooooooogooooo
gobooooboooooooo

6.3 UUOOOO0OO

gooooooooooooboboo1b0bobo0o0ooooobooOooboOoooooDbobOoo
000000 v00000000O0O0O0OOO0OCOO00O0O0O0OOOOOO0000000FO
02990000000 PMIOOOOOODOOOOOFDOO37000000000O0DO0OOG
oooooooooooooooooooO0O0OOOO0O0OO0O0O0Oooo PMIOOOOO

%1 Sasano 01%) 00 WebODDDDOD 200000000000000 0.4100 50/1220 000 0.373
050/134[0F 0 0.391000000000000D000 2000000000 0.525064/1220000 0.615
064/1040F 0O 0.566 000000
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06 WebODOOOOODOOOODOOOOO

Table 6 Experimental results of proposed model on the Web corpus in detail.

O ooo ooo

ooo

FO

o oo 0.504 (120/238)  0.460 (120/261)  0.481
oo 0.460 (104/226)  0.387 (104/269)  0.420

‘0 | oo | 0250 (17/68)  0.447 (17/38)  0.321
0o 0.163 (7/43) 0.194 (7/36) 0.177

‘o | oo™ [ o105 (6/57) 0.316 (6/19)  0.158
oo 0.098 (5/51) 0.263 (5/19) 0.143
il 0.379 (259/683)  0.403 (259/642)  0.391

07 000000000 100000000000

Table 7 Performance by removing one feature type at a time.

00DO000000Do ooo ooo FO
[GEEEGEEEEE) 0.379 (259/683)  0.403 (259/642)  0.391

"oooooo | 0.411 (281/683)  0.350 (281/804)  0.378

“ooPpMI | 0.363 (248/683)  0.378 (248/656)  0.370
00000 PMI(CL) 0.375 (256/683)  0.401 (256/638)  0.387
0000 PMI(CT) 0.367 (251/683)  0.423 (251/593)  0.393
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Table 8 Weight of each feature.
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Table 9 Experimental results on the NAIST Text Corpus.
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Table 10 The performance of proposed model for intra-sentential and nominative zero anaphora
resolution whose zero pronoun refers to person.
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