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Named Entity Recognition
Exploiting Category Hierarchy
Using Structured Perceptron

HicAasHIYAMA SHOHEI! BLONDEL MATHIEU! SEKI KAZUHIRO! UEHARA KUNIAKI!

Abstract: Named Entity Recognition (NER) is a fundamental natural language processing task concerned
with the identification and classification of expressions into predefined categories (e.g., person, organization,
location, etc). Existing NER systems usually target around ten categories and do not take into account
category relations. However, it is often the case that categories naturally belong to some predefined hier-
archy. When such is the case, the distance between categories in the hierarchy becomes a rich source of
information which can be exploited and is intuitvely particularly useful when the categories are numerous.
In this paper, we propose a NER system which can leverage category hierarchy information by introducing,
in the structured perceptron framework, a cost function that penalizes more strongly category predictions
which are far in the hierarchy from the correct category. We demonstrate the effectiveness of the proposed
method through experiments on the GENIA biomedical text corpus, in particular in comparison to methods
which do not take into account category hierarchy.
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Fig. 1 An example hierarchy of named entities.
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Fig. 2 Cost function value when using the cpje cost function
(1<a<?2).
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Table 1 Comparison of cost functions.

gooo
gooooo 1.0237
J0b00odb000a=1.60 0.9716

Hamming 000000« = 14.00 | 0.9991

1 (otherwise)

%m@m:{o (p() = ¢(1") -

ooobooooobooOooooOooooboOoooooa
ooboooooobooooooooOod ee0OOOO
O00000C00HammingOOO0OO ey OO0OO0OO
oo3bobooooooobcoobooboooooobooooon
O000000HammingOOOOOODOOOO0O0OO 0O
ooos3000000000O0OOO0boO0Oooooon. o
oobooo 10000

oooboooooboooooooobooooooa
oobooooooboooooboooooooooboooo
oobooooo. coooo3soooooooboobo 2000
oooooooocOoooooobooo<:00o00Ooooooon
000U00ooO00U0ooo0U0 1 %o0oooooo. O
oobooooooooooboooooooooboooo
ooooooobooooooocobooooooboooo
oobooooooooooboocoboboooooboooo
oooooooooooooa.

5.5 JUOOOOODOO
GENIAOOOOUOOODODOODOOOOooooood
O00O00UO0O0OOLe OO0 [12100000000
LeeODOODOODOODOOOOOOOOODODODODO
o00o0ooOO00oo0ooOoooOoooopooosvMbOOO
gogbooboobboobooboobbooboon
gobbobooooobbboooobbbooooon
goooooooooobooFOee7rO0O00000O0
gbobooboobbooobooboboobbooboo
gboobooboooboobooboobotooogobooo
o000  rFOO0O0OO0O0ODODOOOOODO 20000
gbooooo3boooboobobooooooobogon
gobooboboooobooob20bb0ooooobooboo
gogboobboboboobooboobbooboboon
goboligbobooobbooobbooobboooon
gogboobboboboobooboobboonoboon
gogboobooboobobooboobbooboboon
gogboobboboboobooboobbooboboon
gooobbbboooooooobobbbbbooooo
gogbooboobboobooboobooboboon
gogbooboobboobooboobbooboon

* 000000000000 (8)0 00 (6)0 000000

(© 2012 Information Processing Society of Japan

00000 lo0DODOOOOOOOe(lo)=lo000.



gogoooooood
IPSJ SIG Technical Report

02 00000000

Table 2 Comparison with exsisting methods.

FO
gooobooboooo 68.7
goboobobobo+00b000db00a=1.60| 69.8
Lee et al., 2004 66.7

goboobooboooboobuooboobboob
gobooboooooboon

ggbooboobbooboobuooboooboo
oo00rFOO0OOOOOODOODDODOOODOODOO
O00+00000000001%00000000.000
goboobooboooboobooboobboob
goboobooboobboobooboobboon
gooogo

6. Ubooobooooo

gogbooboobbobboobuooboonoboo
gobooboobbobboobooboobboob
goboobooboobbooobooboobboob
gogooobboooooooobbbbboooooog
gbopooooobobobonooobobbobooog
gobooboobbooboobooboobboob
gobooboobbooboboobuooboobboon
goboobooboobboobooboobboon
goboobooboobbooobooboobboon
gobooboboobooboooobda

gogbooboobbobboobuooboooboo
goboobooboobboobooboobboon
goobooobboo. dgobbuoobbooooo
gobooboobbooboobooboobboon
gogddo. oo ooog
goobooobbooobbooobboooobo. b
gobooboooboooboobuooboooboob
gobooboobboooboobuooboobboon
. oggobbooobooobbooobbooooo
goooobobboooooooobobobobboooooog
gobooboobboooboobuooboobboon
gobooobobooboobobooobooboooobg.

gooo

[1]  Chieu, H. and Ng, H.: Named entity recognition with
a maximum entropy approach, Proceedings of CoNLL-
2003, pp. 160-163 (2003).

[2]  Collins, M.: Discriminative training methods for hidden
Markov models: Theory and experiments with percep-
tron algorithms, Proceedings of the 2002 conference on
EMNLP, pp. 1-8 (2002).

[3] Doddington, G., Mitchell, A., Przybocki, M., Ramshaw,
L., Strassel, S. and Weischedel, R.: The automatic con-
tent extraction (ACE) program-tasks, data, and evalu-

(© 2012 Information Processing Society of Japan

[5]

(6]

[7]

[9]

[10]

[12]

[13]

Vol.2012-MPS-91 No.25
Vol.2012-BIO-32 No.25
2012/12/7

ation, Proceedings of the 4th conference on LREC, pp.
837-840 (2004).

Finkel, J., Grenager, T. and Manning, C.: Incorporating
non-local information into information extraction sys-
tems by gibbs sampling, Proceedings of the 43rd Annual
Meeting on ACL, pp. 363-370 (2005).

Fleischman, M.: Automated subcategorization of named
entities, Proceedings of the 89th annual meeting of the
ACL, pp. 25-30 (2001).

Fleischman, M. and Hovy, E.: Fine grained classification
of named entities, Proceedings of the 19th international
conference on computational linguistics, pp. 1-7 (2002).
Florian, R., Ittycheriah, A., Jing, H. and Zhang, T.:
Named entity recognition through classifier combination,
Proceedings of CoNLL-2003, pp. 168-171 (2003).
Freund, Y. and Schapire, R.: Large margin classifica-
tion using the perceptron algorithm, Machine learning,
Vol. 37, No. 3, pp. 277-296 (1999).

Grishman, R. and Sundheim, B.: Message understand-
ing conference-6: A brief history, Proceedings of the
16th International Conference on COLING, pp. 466—
471 (1996).

Kim, J., Ohta, T., Tateisi, Y. and Tsujii, J.: GE-
NIA corpus—a semantically annotated corpus for bio-
textmining, Bioinformatics, Vol. 19, Suppl.1, pp. i180-
1182 (2003).

Kim, J., Ohta, T., Tsuruoka, Y., Tateisi, Y. and Collier,
N.: Introduction to the bio-entity recognition task at
JNLPBA, Proceedings of the international joint work-
shop on NLPBA, pp. 70-75 (2004).

Lee, K., Hwang, Y., Kim, S. and Rim, H.: Biomedical
named entity recognition using two-phase model based
on SVMs, Journal of Biomedical Informatics, Vol. 37,
No. 6, pp. 436-447 (2004).

Ohta, T., Tateisi, Y. and Kim, J.: The Genia corpus: An
annotated research abstract corpus in molecular biology
domain, Proceedings of the 2nd international confer-
ence on human language technology research, pp. 82-86
(2002).

Rosenblatt, F.: The perceptron: A probabilistic model
for information storage and organization in the brain,
Psychological review, Vol. 65, No. 6, pp. 386-408 (1958).
Sekine, S. and Isahara, H.: IREX: IR and IE Evalua-
tion project in Japanese, Proceedings of the 2nd inter-
national conference on LREC, pp. 1475-1480 (2000).
Sekine, S. and Nobata, C.: Definition, dictionaries and
tagger for extended named entity hierarchy, Proceedings
of the 4th conference on LREC, pp. 1977-1980 (2004).
Sekine, S., Sudo, K. and Nobata, C.: Extended named
entity hierarchy, Proceedings of the 3rd conference on
LREC, pp. 1818-1824 (2002).

Tjong Kim Sang, E. F. and De Meulder, F.: Introduction
to the CoNLL-2003 shared task: Language-independent
named entity recognition, Proceedings of CoNLL-2003,
pp. 142-147 (2003).

Tsochantaridis, I., Hofmann, T., Joachims, T. and Al-
tun, Y.: Support vector machine learning for interde-
pendent and structured output spaces, Proceedings of
the 21st ICML (2004).



