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Context-dependent Synonymous Predicate Acquisition

ToMmoHIDE SHIBATA ! and SADAO KURrRoHAsHI!

This paper proposes a method for acquiring context-dependent synonymous
predicates, such as “keiki (business) ga (nom) hiekomu (get cold/get worse)”
and “keiki - ga - akka-suru (deteriorate)”. The distributional similarity between
combinations of a predicate and its argument is calculated, where a predicate
that modifies it and that it modifies is utilized as a feature, and the pair of
predicate-argument whose distributional similarity is high is adopted as a syn-
onym. Experimental results from our evaluation set and a manual evaluation
verify the effectiveness of our proposed method.

1. 040 oo

gobooboboobooooboooboooooboboboooooooOoboOoOo0oOooboOoooooon
gbobooooooboooooobooooboooooooooboobOoOooooooooDo
0000000000000 000000000000000YY0000 WebOOOO

t1 0000
Kyoto University

Vo0l.2010-NL-199 No.13
2010/11/19

0000000000000 0000000000000000000000000000
0D®000000000000000000000000000
000000000000000D0000D000000000000000000000
0000000000000 000000000000000000D000000000
0000000000000 0MO000000000000000000000000
0000000000000 00000000000000MODD00000000n
000000000000 O0O00000000000000000000000000
000000000000 000000000000D0000000000000000
000000000000 0000000000000
O0D0000000000000 MitchelO% O ErkO®0 Thater 019 000000
00000000000000000000000000O%atchabal’00000000
O0O0O%atch” 0 “ball’ 00000000 (0000O0DO0)000000000000
0000000000000 0000000000000000000000000000
0000000000000 0000000000000000000000000000
00000O000oooon
0000000000000 000000000D000000000000000000
00000000000000000000000000000000000000000
0000000000000 000D000000000000000000000000
00000000000 000000000000000000000000000000
000000000000 00000D00D000000000000000000000
0000000mMDO00D00000D000000000000000000000000
0000000000000 000000000000000000000000000
000000D00000000000D0000000000000000
0000000000 D00000000D0200000000000000000 300
00000000000000004000000000000000000050000
00000000000000000000000000000600000000000

2. 0000

21 00000
o0oo0ooooOoOooOoooOoO0oOOoOo0OOOO0O0OOO0OO0O0O00C0O0OLImOOOOOOOO
0000000000000000070Curran0000 weight /measure D 00 00O

(© 2010 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

0000000000000 00000D000oooonooo®ooonoooonoon
003100000000 40000000 WebOOOOOODODODODOODODOODOOOO
0000000000000 000Y0Pantel 00 2000000000 WebODOOOO
0D 500000000000000%00000 MapReduce O O 00 0200 quad-core
o000 s0000000000000D00C0C000O00O0

LinO00O000O0OO0O0COO0OO0O0OOOO00C0OCOO0O00OO0O0ODOOOOOOoOgo
000000000 0YYooo000000000000000000000000000
000000 O0“X is the author of Y’ O “X wrote Y’ 00000 OO0 OO O OSzpektor
0000000000000 0b0000Db0O000 0 “X takes a nap” 0 “X sleeps” O 0O
ooooooooo'vo

0000000000000 000000000D000oo0o00o00O00o0O00O0OLIng
00000000000000000000000070000Lin00 CBC(Clustering By
Committee) 10 000000000000 000O0000O00DOOOO0 *®0Chantree
000000000000 0000000000000000*™0McCarthy 00 0Lin0O
000000000000 000000000000000000000BrodyO0O
000000000000 00000D0000000000Y0

2.2 000000000

0000000000 000O00000000o0o0o00ooooo0ooooooooog
Mitchel 00 000000000000 O0OODOOOOOOOOOODOOOOOOOOO
0000 ooO%0EkD0ODOOOODOO subj,obj 00 00000000 OOOOODO
0000000000000 O000D00000D000000D®0 ThaterDO0OD0ODO
000000000000 000 Ofirst-order O second-order 0000 O00OO0ODOOO
00000000000000000000090

oooOoooooo0ooOoO0UOoooOoOoOoOO0ODO0OUoOoDoOoDOOoOoOooDOOooOOO
0000o0ooooooooooooooUoUoooooo0oOooooooooOooooo
oooopooooooooog

3. Do00OOoooooo

goooooobooobooooboooooobbooboobobobooobooooOoOooooooo
0000000000000 000OU0O00000D0O0O00oOUOUOOO (PAg, PAy)
0000 (PA;0 PA,O000000)0D00D00O0OPA,000000ODO post:PA,00 PA,

Vo0l.2010-NL-199 No.13
2010/11/19

RN

REZE EEL =%tz BT S
01 000ooooo
ooooo 0oooooo
0oooo [Doooo:00]

post:0 0 2150, post:0 0 1123, ..., pre:0 0 68, ...
[DO00O0o:00000)
post:00 0 766, post:00 O OO 308, ..., pre:00 O OO 46, ...

O00000O0Opre:PA,;, 0000000000000 OOO0OO0Opest000OOOOOO
gbooooooooobbprebooooooboboOobDO0bOOOOOOOODDOOO
gbobooooobooooooooooooooOoobobOooooobOboobooOooono
gl1o0oooooooobooo o oobboobooooooboobooooboooooo
Opost:0000000D0OC0CO0O0O0OOOpost:00 O ODO0OOOO0OO0OO0O0O0OODODO
gobo0O0 0 0oobooob0oooobobooooboooooooDoo0pre0DOODO
O0000000Opest:00 O OOODDOODOODO
ooboobooobooobOooooobooooooooooobooooooboooDn
gooooooooo 0 oboooboboooobooobbooooboooo10bOobOooo

4. 00040000

Curran 0000000000 weight 000 measure 0 000 0000 weight OO
O0O0DO000DO00o0bO0bO0ooooooDobonD measure D00 weight 00000
gooooobOoooobooooooooooooooooo

000000000000 0000000000000000% 00000000 weight
000 measure 0000000000000 O00OOODOOOYO
weight 0 0 :

1(MI
weight = (MI>0) (1)
O(otherwise)

(© 2010 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

DO000MI =log 50:- 0000uw00000000000000f0000P(z)0

ooboooobOoooooooon

measure [ :

measure = %(JACCARD—i—SIMPSON)7 (2)
ggooo
[(u1, %) N (uz2, %)
JACCARD = ta:%) 11 (2, *)| 3
et %) O (2, )] ®)
‘(uh*)m(u?a*)l
SIMPSON = — 4
min(I(ur, 9], |(uz, #)) @)
oooo

000 weight 000 measuwre 00000000000 O0O0O0OCOOOOOODOOOCOO
gobobooooooooboooooooooobooOoOooOo0oOoooboOoobOoUoboooDooonon
gooooobooooo

gobooooobooooooooooboobooooooboooboboooboooooooooo
gbooooboooobooobooboooooOoobobobooobob 20000000000000
gboboooooocooooooooboooOoboobooboooboobooDbDOooboboDo
ooo

5. 0O0O0O0O0O0O0OO0O0O0O000O

000000000000 000D000D0000000000000000000000
000000000000 20000000

0000000000000 000000000000000000000000000
0000000000000 ooDo'™®oooo0000000DooD0oDoNononoNoo
000000000000 000000D0000000000000000000000
000000000 20000000000000000000000000000000
00000000 000000000000 00000000000000000000

00000000000000000000000000000 200000 0 000
00000 0 0000000000000000 preD 0000000 post:0 0 00 post
00000000000000000000000000000000000000002

Vo0l.2010-NL-199 No.13
2010/11/19

F% | &% |

PA = PA, PA & PA,
BRERER A WER: avbkOo—IL #
WAL = B BL\S B\
B 28 FdE3lER

PA — PA, PA,  PA
BER AKX 7 BER @IS F
RolH% — B> 8293 B3

02 0DO00O00000000000

gbooobooooooooooooooooooobooooOoobobOoonooooOoooDo
gobobooooobooooooooobboobobooooooboooobobooobOooODboon
gooooooobooooooooooOooooooobobooooooOoooooboooo
ObOO0OD0pest:000O0OO00O0OOODOOOOOOODOOOOOOOOO
goooooooooooooooooooboobooobOoobooooboobooooooon
gooooooooooooooooboobooooobobooooooooooooon
goooboooooboooooboobOooooobooboooobooboooboooDOobOoo
goooooooobooooooobooooboooooooobobboooooooooboboboOoo
gooooobbooooboboooooooooooooo

6. U a

boboooboodoobooooooooboboboooooooooooDoOoooooooDoag
D000 Mitchel DD0OY 0 ErkDODODOY 000000000000000O0OO0O
gooooboobooooooboooo

ddbdelb00O0OO00O00COOOOODODOOOOOOOOOOOOOOGE2000
ooboobcoodoboooodoboes3bbbobOobOUbObOODOObDDOO

6.1 DOOO0OO0OO0OO0OO0

gbobodesbbooboooboobobObooboobobobObOObOOOobObOn 416 00
gboobooooboooooooobooboooOooobooOoOobOOoOobOOboboOobOOon 4160
oooooooooboboesnbbOOobOOoOoOoOOO

(© 2010 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

02 O0000000000momn
001 00 O 0O0200) 000 002000) 000 00
0o 0 0 oo 0283 OOOO 0 o
oo oo 0 oOoooo 0.393 OO 0.163 o
000 o0 O 0oO0 0 OO0O00 0.167  x
ooo o 0 0ooo 0.372 00O 0 o
0o 0 0 0ooo 0.116 00000 0 o
oo oo 0 00000 0252 0000 0 o
0ooo o0 0 o0 0 000 0 O
000 000 O 000 0 OO 0 O

U00000000 JUMANY'ODOODOOOOOOO0OO0OO0OO000 KNP?000000
gooooooooooobooooooooooooboOoooooOooooOobOobOOobOonDt
goooooooon

oboooboobooboooooooboooooooooobobooooooboboOobeYd
0000000 1/40000000000000 (6.9G, 1.7G, 430M, 107M, 27TM)0 0O O
oboooooooooooooo

0000000000400000 weight 000 measure 0000000

6.2 0000000000

Mitchel 00 D0O0Y 0 ExkODOO0Y 00000000000000000O0O0O000O
oooooobooobooobooboo

gooooooooooooooooobooboooooobooDpoboooooDon
gooooooooigooboobooobbboboobD 4000 4000000000 +0
ocobooooooooobooboooboooobobobob 2000000 30O0OObO0OOOO0OO

gooooooooobooobooooood
O0:2. 000[00j]00OooO

3. 00000 [DojooouUoo
obooodouo +0000000C0CO00OO0DODOOOCOODOOODOOOOODOOOOOOn
gbobooooooocooooooooobooooooooooooooooboobobonooo
goooooboooocoooooo
goboooooocooOooobooooDbOoOoOOOOobOobOOoboooooOoooobooOoDbon

*1 http://nlp.kuee.kyoto-u.ac.jp/nl-resource/juman.html
*2 http://nlp.kuee.kyoto-u.ac.jp/nl-resource/knp.html

Vo0l.2010-NL-199 No.13
2010/11/19

03 OO0 00000080
ooooooo @o) | o O x precision  recall F

27TM 4 144 1.000 0.027 0.053
107M | 13 134 1.000 0.088 0.160
430M | 26 120 0.929 0.176 0.295

1.7G | 51 96 0.981 0.345 0.510

6.9G | 77 63 0.906 0.520 0.661

O[N] =|OD

dobooooooooooooooboboooboOoooooOooOoboooOoooDooon
tobobobooobooooo 2000000000 b00ob0oobo0o0oobOboOo0ooOoOogo
gboooobooboooboooooboooooooooobO0ooooboOooboooooboOoOoo
uboooooooooooooobooobobOoooooboOobOOoOoOobOOoO 201000 2
0000000000000 oU0oo0oU0UO0ooUD 740 (OO0 148O0OUODO)ODOO
goooo

oooooUooo-0-00 1D0000-0-00 2UO)0D00-0-00 100000-0-
00 2000) 0000000000000 000-0-00 100000-0-00 2(00)0
gboooobooooobooobobooooobooon

goooobOooo 200000000b0O000O00DbOO00O000O0OOOO000O0
gooooooooooobooboboobooobo obOobObOOoOoOoOobOOooobooOoboooo
goooooboooooboooooboobobobbo0oo b0 ObOomObD O oooboooooobo
gobooooooooooboooboooobooooooooooooboboo obobDODOO
oooooo obboooooboboooobobobboboooobo b ogobooDboo
ooooooooooooogo

gooo3doooooooooooooooooobooooooooboooooobooon
odoooooobooooooooOooOorbOOOOOOOOOOObOOO0eeDOOOODO
oooU0O0ooOo0ooO0ooooOoOo0o(@ooOoooUoooooOoooooooOOoo
ooooooeonoooOon)

U000 300000boouoobuononog prel postD0OOO00OOOOOOprebd
postU00O0O0OOOODOO0OO0DOOO0OOOOO 40000pred postO0OOOoOOOO
UO0O0Opred00post D0O0OO0O0OO0O000DO0DOO00O00O0O0OOpre000 postdO0O
Opred000do0oooOOOOOoDOOO

gobooooboooooobooobooobOoooooboooobooOoooOoboDbOonn
0000 sS00000000000000000 Precisiond0000FOO0O0O0O0O0OO

(© 2010 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

14 000000 prel] post NN
pre post pre + post
precision  recall F precision  recall F precision  recall F
0.887 0.480 0.623 0.941 0.216  0.352 0.906 0.520 0.661

nopnnnonnnnonon

ooooo oo
precision  recall F precision  recall F
0.941 0.216 0.352 0.906 0.520 0.661

od O oo1 002
ooo O od oo
oo oo
oo oo
od g od oo
oooooo O oo [

obooooooboooooooooo
gobooooooooooooooobooboboOoOooooooboboooboooooDoDboO
gooboooooooooooboobooooboobboboboooooobobooboboobobo
goooooooooboobobooboooooobooobobobooUbobobooboOo
gboboooboooboooooboooooooboobo0obbObOObObOUbODbOOOODOOOOOO
godboooooooooodoooboooooooooobooooooooooooonag
gbooooooog

6.3 UUOOOO0OO
gbobooboooooooobooooobooobooboOoboboboboOoOooooooooooao

gooboobooooooooboooooobooboobooooboOobooooooboOoooo
goooooooooooooooboooobooboooobOobooooOobOobOoooboboboo
gbooobooobobooobooooooooooooooboooooobobooooooboo
goboooobooooooooooobooboooon

oooooooooobo 200000000000 000000DODOOOOO0O0ODOO

Vo0l.2010-NL-199 No.13

2010/11/19
0.4 0.1 0.15 02
0-35 9-25 —m— % R
0.1
037 —— F A REE + syn
= 0.25 i )
S 0 —— Sl B
()] . j i
“ 0.5 it REBEME + sy
0.1 0.3
0.35
0 05 0.25 ’ 0.3
0 ' ‘ * ' 1035
0 0.2 0.4 0.6 0.8 1

Precision
0 8 Precision-Recall 00 (00D000D0000000ODOOODOO)

ooobooooobooboooobooooobebonoo2000bO0O0ObOOOOnD 2230
gboooooooboooboooboooo

oboboo0oO0ooooooooooobooo 200000000C0DO0O000O0O0O0DOO
oobooooobooooooooooooooooooooooobooobboOoooooooo
o000 +00D0000000O000O0OO0OOODOODODOOOOODOODODODODO
ooooobooooooooo o b0 0D bOoboo00 b oooooooo
gooooboooooooooooooobboboobooooo...oooooboo
ooo200000000000000000000O000DOOOOODOOOO0 O OOO
ooooo o0 o0oo0oo000oo 0o ooobboooo 0ooboboooobobbb Oooooo
o000 o0 oooooooooooobobobooobboobooooooooooooon
gooooooooon

O 30 Precision-Recal 0O O0OO0O0O000O0O0O0O0O0O0O0O 0100 03500 0.05
ooO0oo0O0o0000000000ob0c00oooOooooboboob0o 020000 FOOOODO
goooobod+4syno0ooobooboobbbooboooooooobobooobooooo
boooobooooboooooooooooooboboooooo b ooOoooo
goootb 0o ocooooobooooboooOCobOObOUOOobOOoOoobODOobbOOoOoDbDObOO
goooooooooocoooboooOobOOoOOoOobOOoOooooOOobooOoOooooooon
RecallD OO0 Precision0 0O00000000CO0O0O0O0O0O0000O0ODOODOOODO

(© 2010 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

N7 aooanaanoAnoAnonR

precision  recall F
gooo 0.512 0.287 0.368
oooooooo 0.500 0.287 0.365
oooooooo 0.405 0.305 0.348

000000 0o0UooUoooooood0oo0ooo oo oooo0ooooooooo
oo0oo0o0oo0oO0o0ooOoo00oooooooooooooooooo

gobs00000DOCOO00O0ODOOU0UO0ODOOUObODODOOObOUODDOOOODOOD
godoboo0o0oOoogoo2bib0U0bOObOdb0UOOUODOOoOoOoOoOobDOobOoooDbOooo
Precision 000 00000 COO00OO0O0DOOCDOOOOODD OPrecision 00O OO Recall
00000000 OoOFO0OOQ0O0ODO0O0O0O0OOD0ODO0ODDO0OOO0OOOOODOOOoooO
oooooooooooo

7. 04000

gjoomoooooooooomoobooooooooobooooooooooboo
gooooboooooboooooooobooboooooobObOboOooooOoDbboboobonoo
goboooooooooooobooooooboOobooboooooooooboooooooDboo
goooboooooooooboobooooooobooboooobobobbooboooDooobooDbboo
ooooooboooooboooooooooooboobobooboobooooobbooboooooo
gboooooboboooboobooooooboobobooboooboooboooDbbOoo
gooooboooooooboobooooboooobooooboOobOb0oOoooboUooooDbDO
goboooooood

g o 0 0

1) J.R.Firth: Studies in Linguistic Analysis, chapter A synopsis of linguistic theory,
Oxford (1957).

2) Curran, J.R. and Moens, M.: Improvements in Automatic Thesaurus Extraction,
Proceedings of the Workshop of the ACL Special Interest Group on the Lexicon
(SIGLEX), pp.59-66 (2002).

3) Pantel, P., Crestan, E., Borkovsky, A., Popescu, A.-M. and Vyas, V.: Web-Scale
Distributional Similarity and Entity Set Expansion, Proceedings of Conference
on Empirical Methods in Natural Language Processing (EMNLP-09), pp.938-947

Vo0l.2010-NL-199 No.13
2010/11/19

(2009).

4) Mitchell, J. and Lapata, M.: Vector-based Models of Semantic Composition, Pro-
ceedings of the 46th Annual Meeting of the Association for Computational Linguis-
tics: Human Language Technologies, pp.236-244 (2008).

5) Erk, K. and Padd, S.: A Structured Vector Space Model for Word Meaning in Con-
text, Proceedings of the 2008 Conference on Empirical Methods in Natural Language
Processing, pp.897-906 (2008).

6) Thater, S., Flirstenau, H. and Pinkal, M.: Contextualizing Semantic Representa-
tions Using Syntactically Enriched Vector Models, Proceedings of the 48th Annual
Meeting of the Association for Computational Linguistics, pp.948-957 (2010).

7) Lin, D.: Automatic Retrieval and Clustering of Similar Words, Proceedings of
COLING-ACL, pp.768-774 (1998).

8) Curran, J.R.: From Distributional to Semantic Similarity, PhD Thesis, University
of Edinburgh. College of Science (2004).

9) oU000oO0UOoUOOO0OUOUOLOUOO0O0ODOODOUOOOODOOOOOOO
000000 Vol49, No.3, pp.1426-1436 (2008).

10) Lin, D. and Pantel, P.: Discovery of Inference Rules for Question Answering, Nat-
ural Language Engineering, Vol.7, No.4, pp.343-360 (2001).

11) Szpektor, I. and Dagan, I.: Learning Entailment Rules for Unary Templates, Pro-
ceedings of the 22nd International Conference on Computational Linguistics (COL-
ING), pp.849-856 (2008).

12) Lin, D. and Pantel, P.: Concept Discovery from Text, Proceedings of Conference
on Computational Linguistics (COLING 2002), pp.577-583 (2002).

13) Chantree, F., Kilgarriff, A., de Roeck, A. and Wills, A.: Disambiguating Coordi-
nations Using Word Distribution Information, Proceedings of RANLP2005 (2005).

14) McCarthy, D., Koeling, R., Weeds, J. and Carroll, J.: Finding Predominant Word
Senses in Untagged Text, Proceedings of the 42nd Annual Meeting of the Association
for Computational Lingistics, pp.280-287 (2004).

15) Brody, S. and Lapata, M.: Good Neighbors Make Good Senses: Exploiting Distri-
butional Similarity for Unsupervised WSD, Proceedings of the 22nd International
Conference on Computational Linguistics (Coling 2008), pp.65-72 (2008).

16) 0000000000000 0O0OOU0UODU0O0DO0OLDOULOODOoOOUD
00 1500000 0pp.705-708 (2009).

17) Lin, D., Zhao, S., Qin, L. and Zhou, M.: Identifying Synonyms among Distribu-
tioally Similar Words, Proceedings of IJCAI-03, pp.1492-1493 (2003).

18) Geffet, M. and Dagan, I.: The Distributional Inclusion Hypotheses and Lexical En-
tailment, Proceedings of the 43rd Annual Meeting on Association for Computational
Linguistics, pp.107-114 (2005).

(© 2010 Information Processing Society of Japan



