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Dependency Parsing Using Sentence-level Global Features

TETSUJI NAKAGAWA L

In this paper, we present a method for dependency parsing using sentence-
level global features. Many existing methods for statistical dependency pars-
ing assume independence of the head of each token, and cannot incorporate
sentence-level global features which handle heads of multiple tokens. In this
paper, we study a probabilistic model of a whole dependency tree, and pro-
pose a method for efficient dependency parsing using Gibbs sampling. With
the method, arbitrary sentence-level global features in a dependency tree can
be used, which include relations between sibling nodes and relations between a
child and its grandparent nodes. Experimental results on corpora of five lan-
guages showed that the performance of our method was competitive with other
state-of-the-art methods.
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Table 1 Results of dependency parsing on the WSJ corpus.
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MSTParser-0 0000000000 91.0 93.8 37.5
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MSTParser-0 0000000000 90.4 94.2 34.1
MSTParser-0 00000000000 91.5 94.4 40.6

3.1 wsSJOoOOOOOooooo

Penn Treebank WSJ OO OOOOO0DO0O00OO0OO0O0OOWSIOODOOO0OO0O0O0OO
00000000000000000000Y 0000000000000000000
0000000000000000000000 Osection 2-21 000 0 Osection 22 00
0D000O00ODOsection 23000000000000000000000000000
00000000000000000000000000000000%® 0000000
0000000000000000000000 97.1%000000 0000000000
00000000000000 =02500 =0250R=1000S =10000000000
0 14,910,831 0000000000000 4,946,085 0000000 00 O Opteron 250
000000 8GBOOODODODODONOONONODODONDOONODONONOODODONOOONOOOOOO
00000000000000000000000000000000000000000
000000000000000000000000000000 28000000000
000000000000000000000000000000 71000000
3.1.1 00000000

000000000000000000000000 10000000000000-0
000000000 Esner 000000000000000000000O0O00OO0OOO
000000000-0000000000 CLEODOODOOOOOOODOOODOOO
00000000000000@MO000000000000000000000000
0000000000000000000000000MO00000000000000
00000000000000000000000000000000000000000
000000000000000000000DAOOOODOOOCMO00O0000O00
00000000000000000000000000000000000000000

00O0o0oooog Vol 49 No. 11 3754-3764 (Nov. 2008)

0 2 0000000000 /0000000000000000000000O00ODOO0OO0O0OOOOOOO

0Ooo0o00oo00oo0ooo0ooooO0ooooo0ooo0ooooooooooooo
Table 2 Results of dependency parsing with/without each feature: Two cases are examined for each
feature; one is a case using only the feature and the other is a case using all features other

than that one.

oo DADO %O / CMO %0 gooo
opooooo gopoood
None 90.3 / 32.9 91.5 / 40.8 0
All 91.5 / 40.8 90.3 / 32.9 4,946,085
Child Unigram+Parent+Grandparent 90.7 / 35.5 91.4 / 40.4 587,836
Child Bigram+Parent 90.9 / 374 91.4 / 40.6 499,079
Child Bigram+Parent+Grandparent 91.2 / 38.5 91.3 / 40.2 1,835,514
Child Trigram+Parent 91.1 / 384 91.4 / 40.4 1,322,725
Parent+All Children 90.6 / 35.5 91.5 / 40.4 104,676
Parent+All Children+Grandparent 90.7 / 35.0 91.5 / 40.8 163,310
Child+Ancestor 90.4 / 33.4 91.4 / 40.4 432,941
Acyclic 90.2 / 32.5 91.3 / 40.7 2
Projective 90.3 / 32.9 91.5 / 40.6 2

gooooboobooooootoboooooooboooooboboooooooboooooobooDn
goboooooooooooooooooboooooobobooooooDoobooooDoo
gooobooooooboooooooooboooooobooboooooobbooooooDoDo
goooog

goboooboobooooooooooOoooobooooDOoooDOoOo 20000000DO
gooooo200000000000000DOO0O0DOOOODDOOIOODOOODO
gobodoobooboodoboooooooboobobo100obo0ooo0ooobOoooonn
0000000000000 000000000000AcyclicO Projective 000000
O00000000000000AcyclicO Projective 00000000000 O0OOO0O
gbooobooooboooocobooooboobOobobooboobooboooDoOoOooOoDo
gooobooboobodoooooooooooooboooobooboOoboOoOobobooOobOoooooDooo
goooobooooooooooboooooooboobooobooooobooooboOooooDooo
gooboooobbooobocooobooooooobooooDooboo

ggobooooboooooooooboooooboboOooboOooooobooOoboOooooooDn
goooboobooooboooooooboboooooboooobooooboooDObooOoooooDo
oobooooooooooOooooooboooobooooooolbooooobooboobooonooo
gogo200000000000000000O0DOOOOODODOOOO0O0OOODODODO

(© 2008 Information Processing Society of Japan



3761 0O00OO0O0OO0O0DOOOOOOOCOOOOO0O

l1gopooooooooooooboooooobooooobbooooooobbooooDoo
lgobooodooooocoooboooooboooooooobooooooboooooDooo
goboodoobobooooboooooooooa
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03 000000000000 0O0SO0000000oo0ooooo00RODOO0O0OODODOOOOoOODO
Table 3 Results of dependency parsing for different numbers of samples.

DA (%) / CM (%)

R s
10 20 50 100 200
10 | 91.0 /38.9 | 91.1 /39.1 | 91.2/39.7 | 91.3/39.8 | 91.3/40.0
20 | 91.2/39.7 | 91.3 /40.4 | 91.3 /40.0 | 91.5 /41.2 | 91.5 / 41.2
50 | 91.3 /40.6 | 91.5 /41.3 | 91.6 / 41.7 | 91.6 / 41.9 | 91.6 / 41.7
100 | 91.5 /41.0 | 91.5 /41.6 | 91.6 / 42.0 | 91.7 / 42.0 | 91.7 / 41.8
200 | 91.5 /41.2 | 91.5 /41.3 | 91.6 / 41.8 | 91.7 / 42.1 | 91.7 / 42.3

500 | 91.5 /41.1 | 91.6 /41.7 | 91.7 / 41.8 | 91.7 / 42.2 | 91.8 / 42.6
1,000 | 91.5 /41.0 | 91.6 /41.7 | 91.7 / 42.2 | 91.8 / 42.1 | 91.8 / 42.4
2,000 | 91.5 /40.9 | 91.6 / 41.4 | 91.7 / 42.0 | 91.8 / 42.1 | 91.8 / 42.4

0000000 MSTParser 00O O0O0OOOODOOOODOO
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doo0oooooDO0o000o0oOoOoOoOO0oOoOODO0OO0200000000O0O00000

*2 http://nextens.uvt.nl/“conll/D 00000000 shared task 00 130000000000000000
0000000000000 00000000000000O0O000OO000OO00OO000OO000OO
000000000 400000000000000D
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0 4 CoNLL-X shared task 0000000000000
Table 4 Results of dependency parsing on the CoNLL-X shared task data.

oo DADO %0
000000 (00000 (000000 |00o0oo0D

oooo-000o0o0ooooo 89.94 80.73 90.84 88.83
ooobo-0000000000Oo 90.82 81.55 91.38 89.80
oooo-0bo0o0o0oooooo 90.04 83.71 90.66 88.73
0oobo-00000o0oooDo 90.96 84.85 91.40 89.62
CoNLL 1st 90.58 83.57 91.36 89.54
CoNLL 2nd 89.80 82.91 91.22 89.50
CoNLL 3rd 89.66 81.73 90.30 89.05
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*1 00 000Oshared task 0000000 Bikel 0000000 http://www.cis.upenn.edu/~dbikel/
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