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Phrase Sense Disambiguation Method Using WordNet
in Statistical Machine Translation

OnYAMA TETSUROY®  SEKI YOHE?P)

Abstract: Word Sense Disambiguation to estimate the meaning of a word from context features is recog-
nized as useful element technology for translation of polysemous words in Machine Translation (MT). On
the other hand, WSD is not effective in Phrase-Based Statistical Machine Translation because it assumed
the word as a translation unit, not phrase unit. In this study, we propose a disambiguation method of the
meaning of a phrase unit. Our method estimates the meaning of the phrase by semantic similarity from
neighboring words between the input sentence and parallel sentences using WordNet. The proposed MT
system showed the effectiveness in BLEU scores against a baseline system.

Keywords: phrase sense disambiguationd PBSMTO WSDO WordNet

Vol.2013-NL-212 No.11

2013/7/19

1. Ogoo

000000030 Statistical Machine Translation: SMTO
goooooooboooooobooooooooa
goooooboooooooobooooooooa
000000000 DDOWord Sense Disambiguation:
wsSbhOooooooooooooooooooooooo

! DOD0O0O000 00DO0OO0OO00000DO
2 0D0DDO0oODOOO0O00OoDOO

a)  ohyama@slis.tsukuba.ac.jp

) yohei@slis.tsukuba.ac.jp

© 2013 Information Processing Society of Japan

SMTOO0O000000O0O0D0000000000000
ooo (3], [10]0

SMTOODO WSDOOOWSDOOOODOOOODO
000000000000000000 (1), [3), [10)00
0000000000000 000000000000
0000000000000000 WSDOOOOO0OO
00000000000000000000000000
00000000000D00000000000000
00000D00000000000 [10] 00n-best 00
0000 WSDOOOOODODOOOO0O0000 (1000



gogoooooood
IPSJ SIG Technical Report

0000000 o0Ooooooooooooooooog
O O OO Phrase-Based Statistkical Machine Translation:
PBSMTOOOOOOOCarpuat 0 [3)000000000O
0000000 o0Ooooooooooooooooog
O Phrase Sense Disambiguation: PSDO OO 000000
0000000000 ooooooooooooooog
0000000000 0ooDooooooooooooon
O000000o0ooooDooooooooooog
00000000 o0ooooooooooooooooon
PSDOOWSDOODOOOOODODODOUODOOOOOOO
OoooopPSDOODOOOOODOODOOOOOOO
O0000000oooooooooooooooooon
O0000o000oDooooooooooooooooon
000000000000000 WordNet*'O0DOOODOO
OO00ooo0ooooOo Yoooooooooooooo
0000000000000 0D0O00DO00OCCarpuat
O0000oo0ooooooooooooooooooon
PpSDOOO0O0OOO0OOODODOOOOOUODOOOOOOO
Oo0o0oooooooooooooooog

oooooopSDOODOOOCOOOOODOOOOOOO
0000000000 00000 WordNet 0O OO PSD
O00o0o00oooooDooooooooooooon
O0000oooooopShbOo0OOoOooOOoOOOOOOOO
O0000oo0ooooooooooooooooooon
Oo0o0oDoooooooooooon

00oo0DooooooDoooo2000000000
000003000000 000 WordNetDOO QOO QO
O0D0o000o00ooooDoooDoooD4000000
O0o00DOo0s000006000000000000
ooo

2. 0000

Carpuat O [2] 0 PSDOOKernel PCAOOOOODOO
00000 Naive BayesDOOOOOOOOOOOOOOO
cobooboooooocoobooOooooboOooooooo
cobobooooooocoooooOooobooOooooooo
cobobobodooooooobooooooOooooooo
utbobooooooooobOooooooooboooooa
OO0O0O0000000O0WordNetOOOOOOOOOO
coooboboooooocooboooooooooobooooo
uoboooooooooboooood

Pedersen 0 9|0 O0WSDOOOOOOODOOOOOOO
WordNet 0000000000 OCOO0O0OO0OOCOOO
ooobOo0ooooocobOoOooooooOobOoOoOoOooao
Pedersen 000 000000000O0O0O0O0OO

*1 http://wordnet.princeton.edu/

© 2013 Information Processing Society of Japan

Vol.2013-NL-212 No.11
2013/7/19

n
arg Thax Z max, 2 rel(sti, Sjk) (1)
R N

wi, Wy, .;w, 100000000w, 000000000
000000 s, 82, 8im, D0w; 0000m; 0000
O000Orel000000O0DOOO0DOODOOOOOO
O00OPedersen 00000000000 OOOOOOOO
0000oD0D0DDOo0oO0OooDDnD WordNet OO QOO OO
doooooooDoooooo pSDOODOOOCOOOO
gooooooobboooobuoooooboooon
goddddoooooooooo
goooooobooboobboboooooooooo
000ooDoDooOo WordNet OOOODOOOOQOQOOO
godddooooooooooobobobobbooooood
godddooooooooooobobobobbooooood
godddooooooooobobobobobobbooooood
godddoooooooboobobbbbobbooooood
000000000 O0OWordNet 0ODOOOODOOOOOO
godoooooooooo

3. WordNet DO ODODUODODODODODOODOO
g

OO00O0OO0OoOoOoOoOoOoOoOWordNetOOOO PSDO
00o00o0oooooooooooPSDOOOCOOODOO
00000000oDooPBSMTO PSDOODOOOOODOO
00000 PSDOOOCOOODOPBSMTOOOODOO
000000000 PBSMT 400000000000
00o0oooooogenooooooOg

é:agngE:AmA&f) (2)
=0

eld000000O0ODDOOODOOfODOODOODOOO
O000OO0OAR(e,f) 00000000 DOANOOOOOOOO
ggoooobood

00000 PSDOOOOOOODOOODOODODOO
ugno

¢psple f) = > eval(é;, fi) (3)
eval(e, f) = ;r;’l%(rel(tkl,sij) (4)

e,f00e, f0000000000000Si1, 82y ey Sim
O0f0000 w000 mOOOOOOOOOOOOO
000000000000000000w; ¢ f0000
rel(c1,c;) 000000000000000000000
00, 00000000000000000000000
020000000000002,0 w; 0000000
0000000000000, ¢ f0000
000000000 1000000000 10000



gogoooooood
IPSJ SIG Technical Report

cobboom200000o00om3oooooogn 3
cooooooooooooboooooooooobooooo
ooooao

‘ eval(é:isplaying, f:3A1 T L1E)=05+10=15
0 R TESE A A

RS
WERZA: E T EFE N FEN TWVS
Music is playing in the room
FERMB: Ov T A fin T LWas
Some rock music is playing

@-a $ER>D ‘ # :\ i v=]
A O RE TR
AEES Ct
03003730-n, 07985948-n ‘rel(sl,sZ)
07048000-n, 07028373-n Y OA

ot
o
o
ot

1
‘ J& (04202417-n) , #i (07048000-n, 07028373-n) ‘
@-b AN OEEEEZEH
\J\mz: EC AR TV \

01 0O000o0o0g

gobooooobooooooooooooooogoo
coobooooooocoooooooooooooooo
oobooooooobocooooooooboooooooo
coboboboooooooooooooooooooooo
uoboooooooooboocooood

3.1 000OO000O0OO0Ooooooooooo

gobooooooboooooooooobooooooono
coboobooooooooobooooooboOooooooo
cobobobooooooooboooooooOooooooo
cooboboooooooobooooooOooooooo
ooo

3.2 J0OO0OOOOOOOODOODOO
gbooboboooboobooboboboooooooobo
gobooboobobboooooooboobbbboboooobodg
gbooooooboobobooooobooboboooog
WordNet O synset0 0000 0O0O00D0O0O
gooooooogo20000000000000b0000
(1)uwnion: 0000000 ODOOOOOODOODOOOO
gboboooooooboo200000b00b0000d
gbooooooobobooooobooboboooog
gbooooooobobooooobooboboooog
gboooooooobooboboobooo
(2) intersection: 1000000000 ODOOOOOOO
gbobooooooobooboobo200b0000on0og
gobooooooboboboooboobobooog
gboooooooboboooooboobobooog
gbooooooooboboboboooooon

© 2013 Information Processing Society of Japan

Vol.2013-NL-212 No.11
2013/7/19

gooboooooobooooboooooobooooooog
goooooboooodobooo 200000000000
00000 intersection 00 0000000000000
goooooobooooooocooooooooboooo
goooboooooooobooooooooooboooo
gooobooobooooobooooooooobooooo
goboobooooooooboooooooooboooo
gobooboooooooooooooooooogn 2
gobooooboooooooooood

goobooooobooooooOoobooooooa
goboooooboooooboocoooooooboOooo
gobooooobooooobooOoooooooboOooo
oobooooobooooooocoOoboooooboOooo
ooboooooooocooboooooooooboooo
gobooooobooooooocoOoboooooboooo
gobooboooboooooboooooooOooboooo
goooooboooooooboocoooooooboooo
oboooooooocooboooooooOooboooo
gobooooooooboooobooooo

3.3 WordNet OO OOOO

O000000o0DOCOO0OO0OO0OWordNetODODOOO
OO0OWordNet O synset 00O O0OO0OOODOOOOOO
gooooOooQoOoOoOoOopoOoOoDOUODUOUODOODoO
0000000 WordNet [5)0 000000 WordNet O
O0000057,238 000 synset 0 [1193,834 0 0 158,058 O
OOsynset 00 O0DOO0OOO0OOOOOOODODOWordNet O
g000oo0o0oOoOoOoUoOoOoUoOoOoUOUOOUOUOoOoOooOo
oooooo

O (1)0 rel(e1,c0) 000000000 9)OOOOOO
ooooo

1
~ length(cy,co) +1

Telpath (Cl ’ CZ)

2% IC(LCS)
relin(c1, ca) = m o
IC(c) = —logP(c) @

length(ci,c2) 0 a0 o 00000000 LCS(c1,c2) O
a0c000000000IC(e)0 cO000ODOOOOO
goooooad

0 ()000000000000 (6)00000000
goddddooooooooooboobooooooooa
goddddddooooooooooa

4. 00D0OO0OO0ODOOO0OOO

0000000000000000000000000
000000000000000 BLEU[8]O RIBES[11]
ooooooon



gooooooooo

Vol.2013-NL-212 No.11

2013/7/19
IPSJ SIG Technical Report
01 0oooo

gooo BLEU 8] gooogo RIBES [11] gooood
gooooo CSTARO3 | IWSLT04 | IWSLTO05 | OOOOO CSTARO3 | IWSLTO04 | IWSLTO05 | OOOOO
gooooo 34.20 33.35 26.41 — 72.05 72.50 68.06 —

(1) path, union 35.27 35.22 28.30 oo 72.19 74.50 70.31 ood

(2) path, intersection 35.18 35.22 27.72 od 72.17 74.50 69.70 oo

(3) lin, union 35.19 35.15 26.84 oo 71.98 74.30 69.48 oo

(4) lin, intersection 35.22 35.22 27.40 oo 72.01 74.50 69.26 oo

41 00000
0000000000000000000000 ALA-
GIN®?000000000000000000000000
000000000000000000000000 19,972
00000000000 CSTAR03(506 0 )OIWSLTO04(500
0)OIWSLT05(506 0)0 30000000000000
000000CSTARO3OOOOO

4.2 0O0O0O0O

000000000 Meses [4]000000000O0
GIZA++ [7)0000000000 MERT[6) 00000

go0d0oobooooobooooouoooobooooono
Ododo0dboobooodoo0ooo00ooododdunion
O intersectiod 200000000 relpgn O rely, O 2
O0000000Dooooooooo 400000000
0000000 0ooooooooooooooooon
0000000 0 union, intersection, path, linO0 00O O
oooo

4.3 0000

000000 100000000000 000DO0DOO
0000000000 DO00O00000OpathO linO0O
00b000000bOO0bOobOoo0ooOooobOooboooog
0000000 wmionDOOO0O pathODOODOOODOO
0000000O00O0obOO0bOoo0ooOooooooooog
OO00000OBLEUDOOO 1.6100000RIBESO OO
01460000000000000O

lin O intersection 0 0 0000000 3000000
O0OO0O0OBLEUDOOOODODOODDDOOOOOtOO
Op<0.050000000000000CRIBESODOOODO
0Db00O00000oOooooooDo

5. OO

000000000000000400000000
000

(1)00000000000000000
(2)000000000000000000
(3)000000000

*2 http://alaginrc.nict.go.jp/

© 2013 Information Processing Society of Japan

(4)000000000

51 J00OO0O00DOOOO0ODOOOO0DOOO

pathO lin0DO00O000OD0OOD0O pathOOOD0OO
O0000D0O00D0pathDO0DOOD0OO0LInOO0OOO
ooooooooogoooboooon

inO00000000O0DOOOOO0O0O0ODODOOO0OO
oooooooooooooooooooooboooo
oobooooooOoooooooooogooeg20o0
ooooooooooooooooobooooobooooo
ooobooooooooobooooooooboooo
000oo0o0oo0o0/opo0boo0oooUoooooooo
00000000/00000000000000000
o0oo0oOoo0oo0oooDOdDInDOOOOODODOOO
gobooooobooooobooooooooobooooon
gobooooobooooooocoooooooooooon
goooooobooooooooooooooboooon
gobooooobooooooocoooooooooooon
gobooooobooooooocooooooobooooon
goboooboooooooooood

goobooooobooooooooboboooooog
goooooobooooooocoooooooboooon
goooooobooooobooooooooboooo
goooooobooooooooooooooboooo
OO0OO0OpathODOO“CO00000O0O0O0O0ODOOOO
ooo0”’00000000lIm000000000000
goboooooooooboooon

5.2 J00O0OO0O0OOO0OOOO0OO0OO0d0
goobooooobooooooOooboooooooa
ooboboooooooooboocoooooooooooo
obooooobooooooboocoooooooooOooo
gobooooobooooooocoOoboooooboOooo
uoboboboooooocooboooooooOooboOooo
oobooooobooocooboOoooooooboOooo
gboooooobodoboooooooooooboobobooon
gobooooobooooooooooooOooboooo
goboooooobooooobooooooOooboooo
ooboboboooooocoooooOoo1oooooooo



gogoooooood
IPSJ SIG Technical Report

00O00000O00O0bOO0o0oo0ooooobooooog
0oobOoooooon
Jo0o00000bOO0oDbDOoD2000000000000
O0000OpathOO wnion0O0D0OOD0O0OOO0O0OILnO
O intersection DO OO OOOOOOOO
O00wion00000000D0O00O pathOOOODOO
O00pathO00O0O0O0OOintersection0 000000000
0000000000000 0O0000DbODOO0000 union
U0b000bO00b0dbO0dn O union U O intersection
00D0O000O0O00DO0O00DObO0o0ooOoOooooooono
oo00ooo0o0oDOoO0obD0o0obO0o0obODoobo+«goDbOd
000000000000 bOOobOOooooooobor»Ooodg
000000000000 0DO000000D00OD0OOpath
00000000bOO0bOO000OO0o0O0ooDOobOoboooog
000000000000 0000O0pathO0DOOODOO
00O00000O0bO0bO0o0oDoOooOooDOobOooooog
0000000000000 0O0OOintersectiond0 0000
00000 wmionO0000O0ODODODOODOODODOO
lin 00 Dintersection 00000000000 ODOOOO
uwion 000000000000 DOODOO0OO0OOD0O0OO
000Db0DO0ODO0DO0O0O0O0O0O0O0O0O000O0LINDOO0O
0000000O0bOO0bOoOooOooOooOobOooooog
O000OpathO “00000000DO0OODOODOODOO
00”000000D00D00D0DO0000bOOoDOooOg
0b0o0O0oo0ooOooDooooog
200000000000 20000000000000O
0000000000000 00D0DO0000DO unionO
000000000 0bO00o0OooOooDobOooooog
O intersection 0 03200 00000000OO0O0OOOO
000000000 0DbO0bO0oO0ooDooobOooooog
00000000DO0DbO00O0O0oOoDOOobOooooog
0000000D000D0000 pathOO uwnionDO OO0
00000 lin OO0 intersection 0000 O0OOO

5.3 000000000
uobooooooOoooobooooooOoboooboooo
ocooooooooooooooooooboooo«“on0 o
00”0 0 O0”0000000oooooooooo
cOooooOoocbooocbooobooboboooboboobOoooao
cooooooooocooboooooooooboooo
coooooooooooboooooooooboOooo
coooooooooooboooooobocoobooooo
ooooocoooood
oobooOooooocooooooooooooooon
coooocoooooooboocoooooooboOoon
ooboooobooboocooobOoOoocoooboboooan
cooooooooocoobooooooOoocoobooooo
ooobooooobooooboooobooooboooooon

© 2013 Information Processing Society of Japan

Vol.2013-NL-212 No.11
2013/7/19

gooOoOoOoOoOoOoOoOoOoOopoOODOObOOoOboOO
gooooOopoOoooOoooOoOooOoOopoOoopooooo
gooooooOoOoOoOoopooOoDOoopDUoopDoooo
oooo
O
01
Oo0: 00 0000 oo ooogo o
OD0O0OD000O: Ican’t stand more than I
0000: Ican’t stand any more of this.

02
Ooo:00 000 O0O0oooao
O0D0O0000O: This is What
OO0 0O: What’s this charge for? Do
O3
ooo: 000 00ooOoao
O00O0000: Do you have any including
OO000: Is there an intermission?
O

cobobooooobooooooooobooboOoooooa
goboooooboooooboooooooOoooboooo
goooboooooocoobooooooOoobooooo
gobooooooooooboocoooooooooOooo
gooboboooooboocooooboobooobo1ooo0 3000
gobooooobooooooboocoooooooboooo
uoboooooboocooooocoOoboocooooocooo
uoboooooboocooooocoOobooooooocooo
ubOoooOoocbooooooOoobOOooboOoocboOooo
uoboooooboooooboocoooooooboOooo
uooooooooocooboooooooooboOooo
uobooOooooooooboocooboooooobooOooo
ooboooooboocooooocooboooooboOooo
goooocooo

coobooooobOocooboooooobocOoooboooa
oboocoOoocbooooooOoobOooboOoobocboOooo
oobooooooooooboocoooooooobooboooo
ooboooooboocooooocooboooooboOooo
oobooooooboocooooocoooboooooboooo
oobooooooooooocoOobooooon

54 0000OO0O0OCOCO
coboooooooooOooooboOobocooog 2
ooooocooo
(1)OoUoOoooUooooooooo
(2)00U00O0O0OUDOOOUDOOOOOn
ooobooooobooooooOooooboooooooa
ooooOoooboooooboocoooooooboooo
oooooooboocooooocoooooooboooo



gogoooooood
IPSJ SIG Technical Report

cooobooooooooboooooooooobooooo
coobooooooocooboooooooooooooo
cobobooooooooooboooooooooooooo
cboobooooooooobooboobobooooooao
oooooooooocooooooooboooooooo
ooooooooood

goboooooboooooooooboboooooogon
cobobobooooooooobooooooboOooooooo
oo00opooooopSDOOOCOOOOOOOOOOOOO
cobobobooooooooboooooooooobooOooo
coboboboooooooobooooooOooooooo
coboooooooooobooooooOooooooo
cobooboooooocooboooooooOoobooooo
coooboooooooobocoooooooooooo
cbooobooocbooobooobooooobooooooao
cooboboooooocoobooooooboOooobooooo
ooo

6. U000

O000000O0000000000 WordNetODO O
oooooobooooooooooooooooooon
oooooOoODOO0O0OO00000000000BLEUDOO
1.6100000RIBESOO0 14600000000000
ooooogo

goboooooobooooooooobooooooono
ocoooooooooooooooooboo«“o0 oo a”
O“O007"000000000000000O000O0O0
ooobobooooooooobooboooooooooooon

goooooooooobooobooobooooooooo
ooobooooboooobooobooooooooooon

gobooooboboooooooooooobooooo
cooooooooocoooooooooOooobooooo
cooobooooooboocooooooooboOooobooooo
cooobooooooocoobooOoooooOooboOooo
cooboocooooooooocooon

gboooooodoooboooobooboooooooobooon
cobooboooooocooboooooooOoobooooo
coooboooboooooooooooboooobooooo
cobobooooooooobooooooboooobooooo
tooobooooooooobooboooooooooooo
cooboboooooocoobooooooboOooobooooo
coooogo

00 0O0o0ooooooooOooooOoooonoc
00000 2450029100000 BOODOOO 252801100
OOO000O00000000 2554015900000000
oooood

© 2013 Information Processing Society of Japan

Vol.2013-NL-212 No.11
2013/7/19

gooo

[1] Marianna Apidianaki, Guillaume Wisniewski, Artem
Sokolov, Aurelien Max, and Francois Yvon. WSD for n-
best reranking and local language modeling in SMT. In
Proceedings of Sixth Workshop on Syntax, Semantics
and Structure in Statistical Translation (SSST-6), pp.
1-9, Jeju, Korea, 2012.

[2) Marine Carpuat, Weifeng Su, and Dekai Wu. Aug-
menting Ensemble Classification for Word Sense Disam-
biguation with a Kernel PCA Model. In Proceedings of
Senseval-3: Third International Workshop on the Eval-
uation of Systems for the Semantic Analysis of Text,
pp- 88-92, Barcelona, Spain, 2004.

[3] Marine Carpuat and Dekai Wu. Improving Statistical
Machine Translation using Word Sense Disambiguation.
In Proceedings of Conference on Empirical Methods in
Natural Language Processing and Computational Natu-
ral Language Learning (EMNLP-CoNLL2007), pp. 61—
72, Prague, Czech Republic, 2007.

[4] Philipp Koehn, Hieu Hoang, Alexandra Birch, Chris
Callison-Burch, Marcello Federico, Nicola Bertoldi,
Brooke Cowan, Wade Shen, Christine Moran, Richard
Zens, Chris Dyer, Ondrej Bojar, Alexandra Constantin,
and Evan Herbst. Moses: Open Source Toolkit for Sta-
tistical Machine Translation. In Proceedings of the 45th
Annual Meeting of the Association for Computational
Linguistics (ACL2007) demonstation session, pp. 177—
180, Prague, Czech Republic, 2007.

[5] Kow Kuroda, Francis Bond, and Torisawa Kentaro. Why
Wikipedia Needs to Make Friends with WordNet. In
Proceedings of the 5th International Conference of the
Global WordNet Association (GWC-2010), pp. 9-16,
Mumbai, India, 2010.

[6] Franz Josef Och. Minimum Error Rate Training in Sta-
tistical Machine Translation. In Proceedings of the 41th
Annual Meeting of the Association for Computational
Linguistics (ACL2003), pp. 160167, Sapporo, Japan,
2003.

[7]  Franz Josef Och and Hermann Ney. A Systematic Com-
parison of Various Statistical Alignment Models. Com-
putational Linguistics, Vol. 29, No. 1, pp. 19-51, 2003.

[8] Kishore Papineni, Salim Roukos, Todd Ward, and Wei-
Jing Zhu. BLEU:a Method for Automatic Evaluation of
Machine Translation. In Proceedings of the 40th Annual
Meeting of the Association for Computational Linguis-
tics (ACL2002), pp. 311-318, Philadelphia, USA, 2002.

[9] Ted Pedersen, Satanjeev Banerjee, and Siddharth Pat-
wardhan. Maximizing Semantic Relatedness to Perform
Word Sense Disambiguation. In Research Report UMSI,
2005.

[10] David Vickrey, Luke Biewald, Marc Teyssier, and
Daphne Koller. Word-Sense Disambiguation for Ma-
chine Translation. In Processings of the 2005 Con-
ference on Empirical Methods in Natural Language
(EMNLP2005), pp. 771-778, Vancouver, Canada, 2005.

[11] 0OO0O0,0000,Kevin Dub, 0000, 000. RIBESO
00oooooooooooooo.oooooog 1r
00000 (NLP2011), pp. 1115-1118, 2011.



