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Japanese Zero Pronoun Resolution
Based on Lexicographical Ordering of Penalties

HIDEKI IsozAKI,t HIDETO KAzAWAt® and TsuToMU HIRAOt

In Japanese, subjects and objects in a sentence are often omitted and these omissions are
called zero pronouns. Zero pronoun resolution is expected to be useful for machine translation
and question answering systems. Just like other natural language processing tasks, conven-
tional studies used heuristic approaches, but recently, machine learning approach is becoming
popular. However, it is difficult to prepare a large amount of training data. In this paper,
we propose a method that combines heuristic ranking rules and machine learning. First, we
show that anaphora resolution is a kind of Multiple-Instance Learning. In order to alleviate
the problem, we introduce comprehensible lexicographical orderings of candidates based on
penalties given by conventional heuristic rules. According to our experiments, simple order-
ings that emphasize selectional retriction and property-sharing constraint is comparable to
SVM. Since some candidates appear repeatedly in a document, we applied the lexicographical
ordering method to pick up only the best context for each candidate. Then, the machine
learning methods gave better results. Furthermore, among three variations of Support Vector
Machines, preference learning showed stable and good performance.
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Fig.1 Difference of training data between SVM and
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Table 1 Number of zero pronouns in our corpus.
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Table 2 Performance of lexicographical ordering methods
(percentage of correctly resolved subjects).

oo gooo oooo
oog (General) ooo (General)
vadrs 64.6 73.2 57.3 66.1
avdrs 64.4 73.2 56.9 66.1
vadsr 64.2 72.9 56.9 65.8
avdsr 64.0 72.9 56.5 65.8
vards 62.9 74.2 58.3 69.2
avrds 62.7 74.2 58.0 69.2
vrads 61.5 73.9 57.6 68.8
d 41.2 44.7 28.7 30.5
(-i) 9.6 9.2 9.6 9.2

000 DbD=s0000000D00DOO0DOOOOOO
Jo0ooooooooo 20000000vO aOO
gooooooooooboboooooooooo
(v,r,a,d,s,i)0 vrads 00000000000 i0
goooooad
gogboobobooobobobbobbooboo
gbob0obOobOOobDOobOobDOoboDobooboooogd
Or0db00d000bObo0obOoobooboboboon
JdoodbOdOr0dO0OdOD0OOO0OO0OODOODODOO
doooooddobooooboooooooooo
Jo0ob0oboboooooDoboooooobooooo
gooooDooboooboobooboboooooo
gooboooobooooboooooooo
J00o0bOo0obOobooOoboOoboobooooo
0000o0oo0oOo0ooOooDoOOoboOOobOoooOoboooo
00ob0b00Os0dOD00ODOO0bOO0OOobooboog
gboboobobobooboboboboobooo
OO0OOdvars O 48.5%0svadr O 46.1%0 00000
00id -i0d0o0ooO0obOoboboooooo 20
J000ooooooooooo 1.5%0ooooag
aldO0O0O0OO0O0OO0OOODOOODOOOOOOOO
go0oo0oboOo0oooobooobooboobooo
od0oboooobooooo
alsO000000D0DOOODOODOODOOOOO
O000sO000000000D0O00DO0O0DO0ODOOOa
gobdobobbobuoooobobobbobda
gobooboooooboboobooboobooo
000000 vadrs O 64.6%0 0 52.3%0 O avdrs O
64.4%00 50.5%0 00000000
O00sO00000bOoooobooobooobooo
OO0svadr 0000 65.7%00000vadrsO000O0O
0000000000000 00o0o0o0o00s1.2%0
odoooOooo0oooooooooooooooo
0000000sOO000O0OO0O0DOOO0ODODOOODO

gooooooooooooooooboooooo 2285

03 J0d0OdbOfooOooOooooOoboOoboboooooo
Table 3 Comparison of lexicographical ordering methods
and Seki et al.’s method.
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Table 4 Performance of the Machine Learning methods
without using heuristic rules.
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Table 5 Comparison of the Machine Learning methods

(independent evaluation of zero subjects).
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SVMJ1 62.9 64.0 (3e-2) 66.5 (1e-3) +3.6
SVMJ2 63.1 63.7 (1e-3) 66.4 (3e-4) +3.3
PL1 63.8 66.7 (1le-2) 67.9 (3e-3) +4.1
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Table 9 Performance of lexicographical ordering rules for
Kyoto Corpus 4.0.
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Table 10 Performance of machine learning methods for
Kyoto Corpus 4.0.
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