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A Word Unit Problem in Japanese Named Entity Extraction

MASAYUKI ASAHARAt and YUJI MATSUMOTO*

Named Entity (NE) extraction is a task in which proper nouns and numerical information

are extracted from texts.

A method of cascading morphological analysis and chunking is

usually used for NE extraction in Japanese. However, such a method cannot extract smaller
NE units than morphological analyzer outputs. To cope with the unit problem, we propose
a character-based chunking method. Firstly, input sentences are redundantly analyzed by a
statistical analyzer. Secondly, the input sentences are segmented into characters. The char-
acters are annotated with the character types and POS tags of the top n-best answers that
are given by the statistical morphological analyzer. Finally, we do chunking deterministically
based on support vector machines. We apply our method to IREX NE task using CRL Named
Entities data. The cross validation result of the F-value being 0.87 shows the effectiveness of

the method.
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Fig.1 Named entity tag.
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Fig.2 An example of extracted feature.

02 00000 goood -v-w4o000000000000OO

Table 2 Character types.

oooo oo
ZSPACE oo
ZDIGIT oooooo
ZLLET goooo
ZULET ooooo
HIRAG oooo
KATAK oooo
OTHER ooo

ooo
T =arg mjz}xP(T|W).

oooooooooooopPW,T)DOCOOOO
gooooboooooooooooboooOoodooo
ooad

arg max P(T|\W) =arg max P(WI|T)P(T).

0o0o0ooOO0ooooOOoOooOoOoOoooooooono
00000 bi-gram 0000000000 O00OCDO
00d0oooooooooooooogoooogn
oooO0oo0oOoooDooOoOooooooooooodg
000D0ODO0D0DO Viterbi algorithm 00000
00 wobOoooooooooboooo roo
o0o0o0O00oooOooooUooooooooooo
O00ooooooo0/oooooooouooooo
O000o0oooooooooooooon

00000ooooooooooooooooood
00000000 n000000000000000
0000000000000 oooooooooog

goooooOnbOOO0DOOOOODODOOOODOOD

gooooobooooooboobobOngoooooon

gooobooooooodooboooooooooo

goooobooooooooooboooobooooooo
gobooboooooooooooobooooooboo
gobooooboooocoboooOobooooooooo
goooooboooooooboooboooobobooooon
oooooo

0000000000000 0O0OOoodOO ipadic-
244000000000000000000DO0OO

000000D000000000000000000
000000000000000000000000
0000000000

3.2 000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000 SEOODD
000000000

000000000000 D00000000000
0000D000000D00000000 20007
oooooooo
0200020000000000000000
000000000000000000000000
000000000000 nO000100020003
000000000000000000000000
0000D00000000000000000000
0n0000000000000000000000
000000000000000000000000
00 nO0000000000000000D00000
0000000

3.3 0000000D00000000000000
00000000000000000000000
00000 yamcha® 0000 0000000000
000000000000000000000000
00000 1000000000
0000000000000000000 x, 000
0000000 % 0000 (x,%) 0000000
000000000000000000000000
00000 W-&(x)+0 000 WO®(x) e R0
00000000000?000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000 xO000000000000000000
000000000000000000



Vol. 45 No. 5

Avs.B Avs.C Bvs.C
0 3 Pairwise O
Fig.3 Pairwise method.
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Fig.4 One vs. Rest method.
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Fig.5 Effect of n-best answers (1).
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Table 3 The length and contextual feature and the extraction accuracy.

Pairwise O

ooo o101 0202 0303

oood [} [} [} O [} O
ARTIFACT 29.74 46.36 42.17 48.30 | 43.90 46.36
DATE 84.98 90.33 91.16 94.14 | 92.47 93.72
LOCATION 80.16 86.17 84.07 87.62 | 85.75 87.18
MONEY 43.46 94.00 59.88 95.82 | 72.53 94.34
ORGANIZATION | 66.06 74.73 72.63 78.79 75.55 | 79.48
PERCENT 67.66 | 96.37 83.77 96.31 85.26 94.14
PERSON 83.44 85.60 85.35 87.31 | 86.31 87.24
TIME 88.21 87.55 89.82 87.47 89.54 87.49
oo 76.60 83.72 81.91 86.19 | 83.82 86.02

One vs. Rest O

ooo 0101 0202 0303

oooo O O O O O O
ARTIFACT 29.79 45.59 39.84 49.58 | 42.35 47.82
DATE 85.15 90.22 91.21 93.97 | 92.42 93.41
LOCATION 80.22 86.62 84.31 87.75 | 86.06 87.61
MONEY 43.43 93.30 61.85 93.85 | 75.01 93.60
ORGANIZATION | 65.69 74.80 72.74 78.33 75.95 | 79.95
PERCENT 69.12 95.96 85.66 96.06 | 88.56 94.16
PERSON 83.63 84.98 85.51 87.19 86.57 | 87.65
TIME 88.42 87.54 90.38 88.33 89.85 88.08
oo 76.65 83.71 82.12 86.11 84.16 86.33
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Fig.6 Effect of n-best answers (2).
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Table 4 The depth of redundant analysis and the extraction accuracy.

Pairwise O

oooo 10000 20000 30000 40000
oooo 0 O 0 O 0 O 0 O
ARTIFACT 44.37 49.76 | 43.57 48.84 42.17 | 48.30 | 42.10 49.04
DATE 90.53 93.81 91.22 | 94.23 | 91.16 | 94.14 | 91.00 93.71
LOCATION 84.35 87.67 | 84.20 | 87.67 | 84.07 | 87.62 | 83.92 87.60
MONEY 59.45 93.89 60.36 94.28 59.88 | 95.82 | 60.94 | 95.96
ORGANIZATION 73.83 79.12 73.71 79.34 | 72.63 | 78.79 | 72.46 78.39
PERCENT 84.44 97.20 | 84.87 96.76 83.77 | 96.31 83.51 96.81
PERSON 86.23 87.32 85.65 87.13 85.35 | 87.31 85.22 | 87.46
TIME 90.22 88.22 89.45 87.72 89.32 | 87.47 | 89.86 87.77
oo 82.37 86.25 82.31 | 86.30 | 81.91 | 86.19 | 81.74 86.08
One vs. Rest O
oooo 10000 20000 30000 40000
oooo 0 O 0 O 0 O 0 O
ARTIFACT 43.11 48.96 41.12 | 50.06 | 39.84 | 49.58 | 38.65 48.45
DATE 90.79 94.18 | 91.19 | 94.18 | 91.21 | 93.97 | 90.96 93.83
LOCATION 84.72 87.65 84.67 87.61 84.31 | 87.75 | 84.15 | 87.77
MONEY 63.46 93.79 61.62 93.67 61.85 | 93.85 | 62.13 | 95.47
ORGANIZATION 74.37 78.96 73.70 | 79.27 | 72.74 | 78.33 | 72.73 78.12
PERCENT 86.07 97.09 | 86.23 96.02 85.66 | 96.06 | 85.51 96.28
PERSON 85.92 87.69 | 86.03 87.40 85.51 | 87.19 | 85.41 87.16
TIME 90.98 89.04 90.54 88.07 90.38 | 88.33 | 89.90 88.32
oo 82.72 86.40 | 82.58 86.35 82.12 | 86.11 81.95 86.07
02000 2000000000000000000000000 @™
Kernel 000 200000000
05 000000DO0OODOO0OD
Table 5 The extraction accuracy for each feature set.
Pairwise O
oo ooo ooo ooo ogooooo
oooo 0 O 0 O 0 O 0 O
ARTIFACT 42.17 48.30 | 23.64 | 25.04 | 41.36 46.31 41.45 | 45.77
DATE 91.16 94.14 | 76.26 | 80.41 91.08 94.04 90.07 | 93.33
LOCATION 84.07 87.62 | 77.29 | 79.15 | 83.87 87.27 76.37 | 70.99
MONEY 59.88 95.82 | 47.09 | 87.48 | 58.44 95.81 57.84 | 90.91
ORGANIZATION 72.63 78.79 | 60.81 | 62.06 | 72.15 78.62 66.10 | 73.41
PERCENT 83.77 96.31 | 68.78 | 83.05 | 84.10 95.98 82.59 | 94.58
PERSON 85.35 87.31 | 81.46 | 83.05 | 84.59 86.29 73.55 | 78.42
TIME 89.82 87.47 83.33 | 81.56 | 89.53 87.57 89.68 | 86.26
oo 81.91 86.19 | 72.14 | 75.13 | 81.54 85.78 75.58 | 77.94
One vs. Rest O
oo ooo ooo ooo oooooo
oooo 0 O 0 O 0 O 0 O
ARTIFACT 39.84 49.58 | 22.97 | 23.94 | 39.98 47.82 39.69 | 47.42
DATE 91.21 93.97 75.80 | 80.57 | 91.25 | 94.09 | 90.17 | 93.34
LOCATION 84.31 87.75 | 75.87 | 79.38 | 84.50 87.63 76.99 | 82.68
MONEY 61.35 93.85 45.19 | 85.19 | 60.33 | 94.86 | 59.62 | 89.89
ORGANIZATION 72.74 78.33 | 58.85 | 61.95 | 72.77 78.31 66.60 | 73.64
PERCENT 85.66 96.06 66.86 | 79.61 86.21 | 96.09 | 83.76 | 94.81
PERSON 85.51 87.19 | 80.43 | 82.33 | 84.87 86.59 73.92 | 79.07
TIME 90.38 88.33 80.44 | 77.31 | 90.36 88.27 88.96 | 86.59
oo 82.12 86.11 70.73 | 74.92 | 82.07 85.96 76.02 | 81.72

02000 2000000000000 30000000
Kernel 000 200000000
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Table 6 The degree of polynomial Kernel function and the extraction accuracy.

Pairwise O

oo 10 20 30
gooo O O O O O O
ARTIFACT 36.81 47.87 42.17 48.30 38.86 43.93

DATE 90.21 92.78 91.16 94.14 91.25 93.70
LOCATION 83.79 85.55 84.07 87.62 83.74 86.73
MONEY 55.22 95.42 59.88 95.82 59.63 93.88
ORGANIZATION 71.62 75.25 72.63 78.79 72.60 78.22
PERCENT 84.13 97.04 83.77 96.31 80.14 93.47
PERSON 83.25 85.15 85.35 87.31 85.13 86.48
TIME 89.09 88.42 89.82 87.47 89.99 | 85.80
oo 80.66 84.10 81.91 86.19 81.66 85.36
One vs. Rest O
oo 10 20 30

gooo O O O O O O
ARTIFACT 32.62 45.26 39.84 49.58 38.32 44.25
DATE 90.11 93.02 91.21 93.97 91.45 93.63
LOCATION 83.57 85.88 84.31 87.75 84.36 87.26
MONEY 55.36 94.21 61.85 93.85 63.55 93.91
ORGANIZATION 71.22 75.61 72.74 78.33 72.76 78.13
PERCENT 81.86 95.35 85.66 96.06 83.10 94.18
PERSON 82.71 85.05 85.51 87.19 85.54 86.90
TIME 85.26 88.06 90.38 88.33 89.86 87.25
0o 80.36 84.23 82.12 86.11 82.17 85.65
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Table 7 The thesaurus and the extraction accuracy.

oo ooooooo ooooooo
oooo O O O O
ARTIFACT 41.12 | 50.06 | 43.28 | 49.15

DATE 91.19 | 94.18 | 91.78 | 94.80
LOCATION 84.67 | 87.61 | 85.78 | 88.59
MONEY 61.62 | 93.67 | 64.58 | 95.34
ORGANIZATION | 73.70 | 79.27 | 75.69 | 80.37
PERCENT 86.23 | 96.02 | 86.64 | 96.11
PERSON 86.03 | 87.40 | 86.21 | 87.73
TIME 90.54 | 88.07 | 90.19 | 88.92

oo 82.58 | 86.35 | 83.58 | 87.12

02000 2000000000000 20000000
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Table 8 Comparison with related work.
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