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Japanese Named Entity Extraction by
Augmenting Features with Unlabeled Data

Tomova IWAKURAT! and SeisH1 OkAMOTO !

This paper proposes two methods for improving the performance of Japanese
Named Entity (NE) extraction. The first one is the combination of word-
unit and character-unit extraction. Most Japanese NE extractors use words
segmented by a Japanese morphological analyzer because Japanese language
has no word boundary marker. However, word unit is not always consistent
with NE unit. To solve this problem, we propose to combine word-unit and
character-unit extraction. The other is feature argumentation techniques by
using extraction results of NE from unlabeled data with NE extractors. Our
method collects the candidate NE classes of each word and the NE classes of its
surrounding words from unlabeled data. We use these collected information of
each word as features. We apply our NE extraction methods to IREX Japanese
NE extraction task. The results show that our methods contribute improved

accuracy.
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Table 1 NE examples defined by IREX committee.
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Fig.1 Examples of NE tags. ORG and LOC indicate ORGANIZATION and LOCATION.
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Table 2 Character types and number types used as features.
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Fig.2 Feature expression for training: Top one is an example of word unit chunking one. Bottom one

is character unit chunking one. ORG and LOC indicate ORGANIZATION and LOCATION.
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Table 3 Examples of extraction results (top) and examples of information of words collected from
the extraction results (bottom).
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Table 4 Training and test data for Japanese NE extraction.

oo oo
NE / Data CRL ooo ooo goooao oooo 0O0ooo Total
0ooo | 0ob0oo 0000 O0opoooo ooo oooooo

ARTIFACT 871 49 13 11 42 67 182
DATE 3654 277 72 69 110 137 665
LOCATION 5660 416 106 165 192 255 1134
MONEY 390 15 8 19 33 32 107
ORGANIZATION | 3813 389 74 80 214 270 1027
PERCENT 500 21 0 3 6 19 49
PERSON 3870 355 97 94 169 138 853
TIME 503 59 19 18 24 8 128
Total 19261 | 1581 389 459 790 926 4145
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Table 5 NE extraction results without feature augmentation (Fg=1). “-F”, “-B”, and “-N” indicate

forward direction NE extraction, backward direction NE extraction, and NE extraction with-
out using preceding NE labels, respectively. Av.FM and Av.rank are average F-measure and
Average ranking on Exp.2.

00 1 (Exp.1) 00 2 (Exp.2)

Chunk CRL formal-run [formal-run|domain-specific|dry-run|dry-run| Av. | Av.
Rep. / Data Cross GENERAL| ARREST training training| FM |rank
I0B1-F 82.97 84.17 86.02 88.94 81.32 | 82.10 |83.89| 8.6
I0B1-B 83.85 83.88 84.69 88.84 81.85 | 84.06 |84.18 | 8

I0B1-N 81.67 80.50 82.64 86.93 79.43 | 79.64 |81.04 |17.2
I0B2-F 85.11 82.92 85.56 87.95 80.27 | 81.49 |82.92| 14
10B2-B 86.07 84.03 84.84 89.23 81.98 | 83.74 |84.25]| 6.8
I0B2-N 81.60 83.53 84.44 88.72 81.11 82.65 |83.55|13.4
I0E1-F 82.01 83.79 85.87 89.26 81.37 | 81.87 |[83.73]10.4
IOE1-B 82.64 83.80 84.65 88.69 81.74 | 83.77 |84.04| 10

IOE1-N 81.65 80.52 82.79 86.46 79.27 | 79.38 |80.92|17.6
I0E2-F 82.70 84.65 85.90 89.94 82.68 | 81.78 |84.36 | 4.8
I0E2-B 83.23 84.00 84.76 89.31 81.50 | 83.56 |84.11 | 8.2
I0E2-N 81.60 84.11 87.25 89.35 82.77 | 82.09 |84.30| 4.8
SE-F 85.15 83.95 84.46 89.66 82.15 | 80.87 |83.62| 10

SE-B 85.90 83.67 85.52 89.46 81.85 | 83.11 |84.03| 8.4
SE-N 85.85 85.49 86.13 90.47 83.27 | 83.80 |85.83| 1.6

NEOOOOOOOODOOOOODIREX-NEOOOOOOODODOOOOOOARRESTO
IREX-NEOOOUOOOOOOOOOOGENERALMO 5000000000000
goboooooon
oooooooooooooooboDoDoDoo000 F-measure 00000
Recall = NUM / (00DO0DO00O00O0)
Precision = NUM / (000000000 OOOOOOOOO)
F-measure = 2 X Recall x Precision / (Recall + Precision)
NUMOOOOOOOOoOooOooooooOooOooOOOOO0O0bO00000o
43 0 O0OO
goooooooooooboboooooooooboooooooooooboboOoOoOoboboooo
gs0dg3l1ooooooooooooobobobosobooobooooobobobbobooooo
ooooOoo0OO0OO0O0OO0OSEOODOOOOOOOOOOOOOOO0O0O0O0OOOSE-NGD
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Table 6 Performance of the baseline model on IREX data. Rec. and Pre. indicate Recall and

Precision.
formal-run formal-run domain-specific dry-run dry-run
GENERAL ARREST training training
Rec. Pre. Rec. Pre. Rec. Pre. Rec. Pre. Rec. Pre.

ooooOooooooo
ORGANIZATION | 71.72 82.30 | 63.51 87.04 [73.75 85.51 68.22 83.43 | 67.04 81.17

PERSON 88.45 89.46 | 85.57 89.25 [97.87 94.85 91.72 91.72 | 90.58 88.03
LOCATION 76.44 83.25 | 77.36 77.36 |75.76  75.76 84.38 85.26 | 85.10 84.11
ARTIFACT 36.73 48.65 | 53.85 43.75 [45.45  62.50 9.52  23.53 |28.36 70.37

DATE 93.86 95.94 | 95.83 93.24 [98.55 97.14 82.73 85.85 | 90.51 96.88
TIME 94.92 98.25 | 94.74 100.00 [ 94.44 100.00 | 87.50 91.30 |87.50 100.00

MONEY 100.00 100.00 | 100.00 100.00 [ 94.74 94.74 96.97 96.97 | 81.25 100.00

PERCENT 80.95 89.47 - - 66.67 66.67 83.33 83.33 | 89.47 94.44
Total 80.77 86.81 | 80.72 85.09 [84.10 86.16 77.97 85.67 | 77.32 86.37
F-measure 83.68 82.85 85.12 81.64 81.60

00o0oo0o+4+0000000000D0
ORGANIZATION | 73.78 84.41 | 66.22 90.74 |77.50 95.38 70.09 85.23 | 71.11 85.71

PERSON 88.45 89.46 | 85.57 89.25 [97.87 94.85 92.31 92.86 | 90.58 88.03
LOCATION 80.77 87.96 | 86.79 87.62 [87.27  87.80 86.98 88.83 | 89.02 86.97
ARTIFACT 36.73 48.65 | 53.85 43.75 [45.45  62.50 9.52  25.00 |28.36 70.37

DATE 93.86 95.94 | 95.83 93.24 [98.55 97.14 82.73 85.85 | 90.51 96.88
TIME 94.92 98.25 | 94.74 100.00 | 94.44 100.00 | 87.50 91.30 |87.50 100.00

MONEY 100.00 100.00 | 100.00 100.00 | 94.74  94.74 96.97 96.97 | 81.25 100.00

PERCENT 90.48 100.00 - - 66.67  66.67 |100.00 100.00 | 89.47 94.44
Total 82.54 88.65 | 83.80 88.59 [88.89 92.10 79.37 87.57 | 79.59 88.48
F-measure 85.49 86.13 90.47 83.27 83.80

0000 100300000000 20000000000000000000000SE-N
udoooooooooooooooolooooooooobooOobobobbbboboooogoo

oobbebOO0OO0OOOOOOOODODOOOOOOO “OOOOOODO”DOOOOO
ooo0O “coboooooooooOoboOoooo”boobobOobooooboOobooooobooboooon
gebobobooobooobooobouobooobOoobooobOoobOboOobOoOoboboOoDOo
goooboooooooooooocoooooboobobobooboooooboOooooooooDo
ooooOoOOO00O0OoOO0OD0ODO0O0000000D00 F-measure0000 285000
ooboooooooooo

000 O Intersectiond UnionO All0Best 0 40 0000000000000 OCOOO 7
goboooorooooooooooooooboooboooobo s00000b00000O
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F-measure
Table 7 Experimental results obtained with our proposed methods and SE-N of the base line (F-
measure). Av.FM is for Exp.2.

00 1 (Exp.1) 00 2 (Exp.2)

CRL formal-run |formal-run|domain-specific|dry-run|dry-run Av.

Cross GENERAL| ARREST training training FM

oooooo 85.85 85.49 86.13 90.47 83.27 | 83.80 85.83
Best 87.54(+1.69) 87.20 90.31 92.05 84.37 | 85.68 |87.92 (4+2.09)
Intersection| 88.04(+2.19) 86.06 89.84 92.51 84.95 | 85.47 |87.77 (4+1.94)
Union | 88.26(+2.41) |  86.41 91.85 92.61 85.49 | 85.94 (88.46 (+2.63)
All 88.50(+2.65) 87.09 90.20 91.78 85.49 | 86.13 |88.14 (42.31)

gooooooooooooocooooobooooooobooOoboOooboOooboooDooOoDoo
goboooooooooooooooobooooooobooooobooooooboooo
Jbl1goooobboooooooobbobob0ooboooooonD Intersectiond Union O
00 AllO0100000000000000000000 BestOOOOOOOOF-measure
gos00000o09b000boboObOOobOOoODOObOOODO 2000000 Union

O AlOOBest 000F-measure 1 00.564000000.22000000000000000
gobooboooooooooboboboboooooooobooboboboboobooo

gooooooboooooooooooobooo

080000000 AlDDODODODODODO “OO0D0O0O0O0”00000000 “0000
gooooooooOOoO0oO0oO0’0o0oOo0oooooooooDoOoOoOoOoOooOooooooo
goooboobobooooooooooooooooboboooooooboooboooooooo
O00ooo0ooooAlOdO0OOOO0O0OO0O0OO0O0O0O0OooOOo0OooOOo0ooOOo
OooOoO0O000000000000 F-measure 0000 294000000000000
gobbooboboetbooouobobooboboooboboobooobooob 8soobooooono
000000 Al0O000000000000 20000 F-measured 5.16000000
gobooooood

o000 edD0800IDO00OODOOOD AlDDOOU0OOODOOOODOOODODOOOO
000090 CRLOOODOODUDOOODODOOOODOOOOODOODOODOOOOOO8noOO
OooOoOOoOOOoOoOOOOODODDODODODD Precsion0000O0O0O0OORecallDOO0O
gobooooooobo

glotooooooooooooboooooooobooooboob sboboboOooooonoboo
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Table 8 Performance of the model based on All on IREX data. Rec. and Pre. indicate Recall and
Precision.

formal-run formal-run domain-specific dry-run dry-run
GENERAL ARREST training training
Rec. Pre. Rec. Pre. Rec. Pre. Rec. Pre. Rec.  Pre.
ooooooooooo
ORGANIZATION | 74.29 81.64 | 71.62 80.30 | 71.25 91.94 | 71.50 82.26 | 70.74 82.33

PERSON 91.27 90.76 | 93.81 91.00 | 98.94 94.90 | 97.04 93.18 | 92.75 90.14
LOCATION 79.33 84.40 | 76.42 81.82 | 77.58 78.05 | 87.50 83.58 | 88.24 87.89
ARTIFACT 30.61 55.56 | 61.54 72.73 | 36.36 57.14 | 16.67 36.84 | 38.81 72.22

DATE 95.67 95.67 | 97.22 95.89 [100.00 98.57 | 90.91 85.47 | 93.43 95.52
TIME 96.61 98.28 | 100.00 100.00 | 94.44 100.00 | 95.83 88.46 | 100.00 88.89

MONEY 100.00 100.00 | 100.00 100.00 | 94.74 94.74 | 96.97 96.97 | 84.38 96.43

PERCENT 80.95 80.95 - - 100.00 75.00 | 83.33 83.33 | 89.47 94.44
Total 82.99 87.47 | 84.83 87.77 | 84.75 88.21 | 82.53 85.34 | 80.99 87.72
F-measure 85.17 86.27 86.44 83.91 84.22

00o0oo0o+4+0000000000D0
ORGANIZATION | 76.35 83.90 | 74.32 83.33 | 73.75 95.16 | 73.36 84.41 | 73.70 86.52

PERSON 90.99 90.73 | 93.81 91.00 | 98.94 94.90 | 97.04 93.71 | 92.03 90.07
LOCATION 84.13 89.06 | 88.68 94.95 | 90.91 91.46 | 90.63 87.44 | 92.16 90.73
ARTIFACT 30.61 55.56 | 61.54 72.73 | 36.36 57.14 | 16.67 36.84 | 38.81 72.22

DATE 95.67 95.67 | 97.22 95.89 [100.00 98.57 | 90.91 85.47 | 93.43 95.52
TIME 96.61 98.28 | 100.00 100.00 | 94.44 100.00 | 95.83 88.46 | 100.00 88.89

MONEY 100.00 100.00 | 100.00 100.00 | 94.74  94.74 | 96.97 96.97 | 84.38 96.43

PERCENT 95.24 95.24 - - 100.00 75.00 |100.00 100.00| 89.47 94.44
Total 84.88 89.41 | 88.69 91.76 | 89.98 93.65 | 83.92 87.12 | 82.83 89.71
F-measure 87.09 90.20 91.78 85.49 86.13

0 F-measuredprecisiondrecall OO0 0000400000 0000 OBestO Intersectiond
UnionD AlDO0O0OO0O0O0OOOODOQOOOOOD 1000500010000000000
00000000 000000 Frmeasure 0000000000 OOOOOOO 10000
00000000 1000000 AlO0O0OC00O0000ggogggdprecision 0100
recal0000000CCOCOOOO

0000000000000 000D000 10000000 Bestd AllO precision 000
000500000000 precision0O0000O00DO0CO00OOO0ODOOOOOOOD 100
0000000o0o0oO0o0O0O00o0oU00oooooooDoOoOoooOooOooUOooOooooO
00000000oooooooooooooon

000000000000000% 00000000000000000000000
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Table 9 Experimental results on five hold cross-validation with CRL data.

gooooo oooo
0Dooooooo (All)
Recall  Precision Recall Precision

ORGANIZATION 76.00 85.08 79.72 86.96
PERSON 85.67 89.02 90.88 91.89
LOCATION 86.46 87.46 88.81 90.46
ARTIFACT 32.63 66.62 39.67 66.70
DATE 89.99 94.65 92.88 94.35
TIME 86.98 93.21 89.82 90.41
MONEY 87.43 95.93 89.29 96.39
PERCENT 91.17 97.54 94.07 97.39
Total 82.98 88.92 86.48 90.62

F-measure 85.85 88.50

010 000000000000 DODO0O00000000D0000 20000 F O0OFMMI Precisiond Pre.[T]
RecalllRec.0000000OOdatasize 00 0000000000000 OOO0OOOOO
Table 10 Average F-measure (FM), Precision (Prec.) and Recall (Rec.) on Exp.2 obtained with NE
extractors using 1 year, 5 year and 10 year news articles for augmenting features. “data
size” means the amount of news articles.
Baselinel 0O O0OOO0OO0O0O0OOO0OOO
Rec. Prec. FM
82.83 89.07 85.83

ooooooooooooo

data Best Intersection Union All

size | Rec. Prec. FM Rec. Prec. FM Rec. Prec. FM Rec. Prec. FM

1 85.18 89.27 87.17 | 84.52 89.27 86.81 | 85.20 89.60 87.33 | 84.73 88.97 86.79
5 86.17 90.22 88.13 | 85.81 90.27 87.97 | 85.99 90.78 88.31 | 86.29 90.55 88.36
10 86.05 89.89 87.92 | 85.82 89.81 87.77 | 86.80 90.20 88.46 | 86.06 90.33 88.14

gooooooooobooooooboooooooboooobooboodoooboOoooooDooo
goboooooobooooooooo

5. 0 000

5.1 DO0OO0OOo0ooocooooooooooboo
0110 IREXOOO00000000O0O00C0O00F-measure0000000O00O0O0OO
00D00Uchimoto0?? 0000000000000 000O00O0OODOO OO Maximum
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011 0O000O0OOOOOGEO AR O GENERAL O ARREST OOO
Table 11 Comparison with previous works. GE and AR indicate GENERAL and ARREST.

Method GE [AR |CRL- [oooD 0o
DATA 0o
Uchimoto 022 |80.17 |85.75 |- MEOOOOOOOOOOOO 0oooo
oDooooo oooooo
ooos?) 83.86 |- - ooooooooo -
ooooooog
Utsuro 0 23) 84.07 |- - 3000 MEOOODOOOOO -
0000000 DL O Stacking
oooso - - 832 |SVMsOOOOOOOOOOOO -
000000000000000
ooo2®) 85.77 |- 86.77 |SVMs D0O0O0O0OOO0OO
oooooooooooo ooooooo
Asahara 03) , - 87.21 |SVMs D0O0OOO0OOOOO
0000000 N-best 0000 ooooooo
ooos® - - 89.03 [SVMs OOOOOOOOOOO
ooooooo ooooooo
oo29) : . 88.33 |SVMs 0000 Shift-Reduce 000000 |-
ooooooo
DO0000000D0 [85.49 |86.13 [85.85 |[SVMs ODOOOOOOO -
Best 87.20(90.31|87.54 |D0ODO0OOOOOOOO 0DOooo00o0O0o
Intersection 86.06 | 89.84 (88.04 pO0O0O0 10000
Union 86.41|91.85 88.26
All 87.09|90.20 | 88.50

Entropy=MEOOOOO0O0OOOCOOO0O0OOCOOO0OOCOCRLOOOOdryrund000
dryrun 00000000000 00O0COO0OO0OCOODOO0OOOCODODOOOOOOOOO
OooOoO0oO0oO0oO00O0O0O0DODOO0O0000000000000000O0OGENERALO
OO0 80.17HARRESTOOODO 8.7 000 0F-measure0 000000

000 000000000000000000000000000 GENERAL OO
00 83.86 0 F-measure 000000 Utsuro 02 OOMEDOOODOO 3000000
000000000000 000 Decision ListODLOOOOOOOOOCOOOOOOODO
GENERALOOOOO84.070 F-measure 100000

00O DOoSVMOOOOODODODOOO0O0OCRLOODOOOOOOOO83.200
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