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Spoken Dialogue System

Based on Information Extraction and Presentation
Using Similarity of Predicate Argument Structures
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KOICHIRO YOSHINO, ! SHINSUKE MORIf!
and TATSUYA KAWAHARAT!

We propose a novel scheme of spoken dialogue systems which is capable of
information presentation based on information extraction from large text data
such as Web news using the predicate-argument (P-A) structure. Since P-A
patterns are domain-dependent, we investigate a statistical measure for auto-
matic selection of P-A patterns. Effective P-A patterns are successfully ex-
tracted using the Naive Bayes method. For flexible matching with the user’s
query, we define importance of each P-A pattern based on the above measure.
We also calculate the relevance measure of predicates and that of arguments

to define similarity of P-A patterns. Using these measures, the system is able
to select most relevant information to the user’s request. In an experimen-
tal evaluation, the proposed approach realized more appropriate information
presentations than the conversational Bag-Of-Words (BOW) method. We also
propose a proactive presentation method, based on the similarity of P-A pat-
terns and the dialogue history, which is invoked when the system detects a user’s
long pause. The proposed scheme of spoken dialogue systems realizes high do-
main portability, as the P-A structure is a general information structure and
the similarity of P-A patterns are automatically extracted from a corpus.
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Fig.1 Outline of the proposed dialogue system.
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Fig.2 Dialogue management.
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Fig.3 Example of dialogue based on dialogue management.
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Fig.4 Example of predicate-argument structure.
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Table 1 Evaluation of predicate-argument structure pattern filtering.
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Fig.5 Partial matching based on similarity of predicate-argument structure.
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Fig.6 Example of distributional analysis.
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Table 2 Evaluation of system response (text input).
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Table 3 Evaluation of system response (speech input).
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Table 4 Evaluation of proactive information presentation.
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Fig.7 Domain portability of the system.

gobooooooooooboooooOooooobooboooboooobOoOoobo0o voOooOoo

6.1 DO000OO0OOO0OOOOOCOOO0DOO

gbooooooobooooooobooobobooooobooOobooooboobooboooo
goooooooooooooobooooooboooooboooooooooooDbobo
oobo0 214100000 1290000 7vOD0000 14100000000000O000
OODOOCOOOOOOWebODOOOOODO WikipedianOOOOOOOOOOOODODODOO
goooobooooobooooobooobooooboooobboobooooooooDo
gooboooooobooooobo0o obooboooooboooobobOoobboOoobooboo
00000000 CPUDXeon(i) 3.33GHz20000012GBOO00O0ODOO0O0OODO 400
gobodobooooooooboooboooooooboooooog

6.2 ODO00O0OOOO0OOOOOOOOOOOOO0

gooboobooouoooooobooboooooobooboOooooooOobooOoooooobooo
gbobooboboobodooocoboooobooooboooooOoobooboboobOoOoooDo
gbobooboooooboooodoboooooooobooooooboOobobouobOooobouoDo
0000000000000 CIAIRODOUODOO0OOO0*000CIAIR-HCCOOODOOO
gobobooboouooooooboooobooooboooobooooooobobooooooDoboo
0¥ 000000000000000000000000000 2000000000

*1 http://db.ciair.coe.nagoya-u.ac.jp/

00o0oooooog Vol 52 No. 12 3386-3397 (Dec. 2011)

6.3 D000OO00OOOOO0DOOOO0OoOO0OD
goooooooooooboooobooboooooobobooboooDboooooooDon
gooobooooooooooooooooooooooooooooooooooonoa
goooooooooooooboooooobobooooooboooooobooooooboo
obd2000000000O0000O0O00O0C0O0O0O0CO0

7.0 O O

O0000o0ooooooOoOO0O0C0O0000000000000000WebOODODDO
goooooooooooboooooooboooooboboOooobooooboooOooooDoboo
gooooboboooooooboooooooooobooboobOOobooobooDOobOoOoooOooDon
goooooooooobooooooooooooobooooooooooboOoooooDooboo
goooooooooooooooboooooooobooooooooooooooooDooboonoo
goooobooooooooooooooboobooooboOoboooooobooboOoooooboo
ooooo

gooooooooooooboooooooboooooooobooooobooboOooooobo
gooooooooooooooooooboooooobooooooooooooDbobooo
goooooooooooooooboooooobooooooobooooobooooDoboo
oooooBoOwOOOOUOOOoOoOoOoOooOooOOoOOOoOooooooboooooooo
FO1reOODOOOODOOOFO 196000000D000O0O0O00OO

goooooobooooooooobobooooooboooobobobboboobooooDooD
goooooooooooooooboboooooboo0ooooooooogooooo
goooboooooooobooooboboooboooooooooooobOoooooboo
ooboooooooooo

ooooooooooooorDpBOOOOOOOOODOOOOOOOOOOOOOO
boboooooooooooooboooooooboooobooboooooboooooDooDboo
ooobooboooooooboooooobooooobooOoboOoOoooooboOoboOoOoooDboObo
goboooooooooo

o o O 0O

1) Kawahara, T.: New perspectives on spoken language understanding: Does machine
need to fully understand speech?, Proc. IEEE-ASRU, pp.46-50 (2009).

(© 2011 Information Processing Society of Japan



3396 U0O000O0O0OOO0OO0OO0OO0O0OOOOOOOO00000O0O0O0

2) Dahl, D.A., Bates, M., Brown, M., Fisher, W., Hunicke-Smith, K., Pallett, D.,
Pao, C., Rudnicky, A. and Shriberg, E.: Expanding the Scope of the ATIS Task:
The ATIS-3 Corpus, Proc. ARPA Human Language Technology Workshop, pp.43—
48 (1994).

3) Pieraccini, R., Tzoukermann, E., Gorelov, Z., Gauvain, J.-L., Levin, E., Lee, C.-H.
and Wilpon, J.G.: A Speech Understanding System Based on Statistical Represen-
tation of Semantics, Proc. IEEE-ICASSP, Vol.1, pp.193-196 (1992).

4) 000000000000 000000000 OO0VoieeXMLOODOODUOOO
000000000000 0000000000D00OSLP-40-23, pp.133-138 (2002).

5) Akiba, T. and Abe, H.: Exploiting passage retrieval for n-best rescoring of spoken
questions, Proc. INTERSPEECH, pp.65-68 (2005).

6) Misu, T. and Kawahara, T.: Bayes Risk-based Dialogue Management for Docu-
ment Retrieval System with Speech Interface, Speech Communication, Vol.52, No.1,
pp.61-71 (2010).

7) Dzikovska, M.O., Allen, J.F. and Swift, M.D.: Integrating linguistic and domain
knowledge for spoken dialogue systems in multiple domains, Proc. I[JCAI-03 Work-
shop on Knowledge and Reasoning in Practical Dialogue Systems (2003).

8) Harabagiu, S., Hickl, A., Lehmann, J. and Moldovan, D.: Experiments with inter-
active question-answering, Proc. ACL, pp.205-214 (2005).

9) 000000000000 O0OU0O0O0LO0OUOU0LOO0DD0OLOLOOOODOODOUDOO
000000000000000000000000Vol.49, No.8, pp.912-918 (2008).

10) 0 0O0O0O0O0OO00OO0O0O0OO0O0O0O0O0O0OO0O0O0O0O0OO0O0ODO0OOODOOUOOn
0000000000000 0O0OVol4g, No.12, pp.3602-3611 (2007).

11) Shen, D. and Lapata, M.: Using Semantic Roles to Improve Question Answering,
Proc. EMNLP-CoNLL, pp.12-21 (2007).

12) Wang, R. and Zhang, Y.: Recognizing Textual Relatedness with Predicate-
Argument Structure, Proc. EMNLP, pp.784-792 (2009).

13) Wu, D. and Fung, P.: Can Semantic Role Labeling Improve SMT?, Proc. EAMT,
pp-218-225 (2009).

14) 0000000000000 00O0000O0O0O0O000DO0OO0OOOoDOOUoOOn
O0000o0o0oO0ooUoVoll4, No4, pp.67-81 (2007).

15) Grishman, R.: Discovery Methods for Information Extraction, Proc. ISCA & IEEE
Workshop on Spontaneous Speech Processing and Recognition, pp.243-247 (2003).

16) Ramshaw, L.A. and Weischedel, R.M.: Information Extraction, Proc. IEEE-
ICASSP, Vol.5, pp.969-972 (2005).

17) Teh, Y.W., Jordan, M.I., Beal, M.J. and Blei, D.M.: Hierarchical Dirichlet Pro-
cesses, Journal of the American Statistical Association, Vol.101, pp.1566-1581
(2006).

00o0oooooog Vol 52 No. 12 3386-3397 (Dec. 2011)

18) 0000000000000 000D0D00000D0ooooooooooooooo
NL-199-13 (2010).

19) Pantel, P., Crestan, E., Borkovsky, A., Popescu, A.-M. and Vyas, V.: Web-Scale
Distributional Similarity and Entity Set Expansion, Proc. EMNLP, pp.938-947
(2009).

20) Harris, Z.: Structural Linguistics, University of Chicago Press (1951).

21) Dekang, L.: Automatic retrieval and clustering of similar words, Proc. ACL and
COLING, pp.768-774 (1998).

22) Li, Y., McLean, D., Bandar, Z.A., O’Shea, J.D. and Crockett, K.: Sentence Simi-
larity Based on Semantic Nets and Corpus Statistics, IEEE Trans. Knowledge and
Data Engineering, Vol.18, pp.1138-1150 (2006).

23) 00 0O00O0O0O0O0DOOOOOOUOO0OOO0OODO0OOO0ODOOUODOOOOOOODOO
0000000000000000000000000 Vol43, pp.714-733 (2002).
24) 0000000000000 OO0ODOOU0O0OOO0O0OO0OO0OOO0UDOOOOOOO
oooooooobobobooboooooooobbooooobobooooo

0 O Vol.44, pp.1333-1342 (2003).

25) 0 00000000000 0D0000000000 WebOOOODOOODOOOOOO
0000000000000 bDO0000bO0O00b0DbODbOO0Vol.J9o-D, pp.3024-3032
(2007).

(0023040 8 000)
(0023090 12000)

goboooboooo

00:0000000000000000201100000000000
gobobooboooobooobooooobooooooooboooobooan
goboooooobobodooooobooobooobooooooo

(© 2011 Information Processing Society of Japan



3397 0OOO0OO0OO0OO0O0OOOOOO0OOOOO0OOOOOOOOGOOOO

O oopooooo

998 0o0goooooooooooooboooooboooooboOooo
-y ooooooooOobobooooobooobz2e07Oo00oOoOoOObOOOOn
.‘.':_ ooooooobDOOoOooooboooomyrooooooboooon
gooooobz2oi0000obo0ooboodonooono201000 800000
goooooobooooboooooooon

o0 oobooooo

9870000000 ooooooDooobDeDobooooooooo
1990 00000000000000000000000199% 000000
1998 00000000000000200300000000000000
goobooboooooooooomgsodg 199 booouooooo
00000001998 000 2006000 ATROOOOODO1999000
2004000000000000000002001000 20050000000000000
gboodb 2210000206 000000000000000000000O000O0C0OOAO
gooooooobboooobooooooboboOoooobooobboOoooboOoOoOononOgT
goboooobOooboooobooOooboo20c000b0CO0b0ODOObOOOOOOOODO
0000000000000 00000O00O0OIEEE SPS Speech TC O 0O 0OIEEE ASRU
2007 General Chair0 000000000000 OODOCOOO0O0OOOCOOOOODOO
gobooobooooooooobooooobooooOoooooobooooooooooDoboo
OO0IEEEOODOO

00o0oooooog Vol 52 No. 12 3386-3397 (Dec. 2011)

(© 2011 Information Processing Society of Japan



