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Construction of Parallel Word Pair
from Parallel Corpus Using
Sentence Structure Information

SHoco SHINKAIY® DAaAISUKE SATOYP) Tsuromu MATSUNAGA®L©)

Abstract: With an effective utilization of information asset, an importance of handling existing limited
corpus has been recognized. Conventional methods to extract parallel word pairs from parallel corpus, which
have adopted statistical measures, have been indicated that they have a limitation in obtaining low fre-
quency pairs of words such as new words. Using sentence structure information, a novel method to construct
parrallel word pairs is proposed in this paper. Experimental results using Japanese-English parallel corpus
demonstrate the effectiveness of the proposed method.
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&, BB EL2HONUDERLTEE, THo %
MEHERZ2 I B2 7 T —F e shTnd [3).
KIS DIFFHEHRIZ 1 Dice REMEF 5 0, WERCH
O [ IRF L BB 7% B 12t R B AR D 5ROV & il HY 3 B AR a1
PHISHhE., LhLAaMRs, o7 u—Fizkd, xf
ROBGEEHOP UDEEMT 20BN H B4, FkiEo
&5 B HBRBE MBS EITIEBT U E AR TR WRED
»% 4.

BFER 3 — R A & BHRRBERE & SEB19 2 #iGTH BEMRERRR 5
ADNEATNOOH5 [5], [6]. HEAEROEHEAD T
THEE R HGEDRPBERINEHM~ =2 T IVED R A A
v (HEEH R IT S8 ARN) OEEERIER [7] 12i&, &R
= XA S R FREE ¥ T 2 RFHBENRR G A
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WETBHEVWRD., I ZITHEHIBMEIER S RO FHICE
WTC, WERA—INAZBIIBHIET 71 AV NEENRE
ZEES L, BEBHEORVEFEIIEAY HWHEHIIH D Z L
MR I TV [8).

AFETI, NERIT— RSB 28 U, SO
G ZE W REEER D FIEERIRET 5. RE AL
TlE, SERMEICEOOVTHELZENEZ, FEIEZRZ -
RFRSCHEIT RGN 72 BLEERT &2 il 3 5. HesxgRa — o8
2% AW TR R, S, ABEE O HEEIZ DWW T W EREE
EBERDREL IR B Z 8 &R T . £72, HHEEWMERIZS
FBHEET 74 AV N FEE ORI TR U 72 SRS 3R
ZEUCTREAECLDNREZOE LIS 2T 5.
AFEDR S WL, RERTFTETIIRLLER > ERO B
FEDM AR CTHEET 25612, BEHIFIT L D 0
ENHRE WD Z & THREENHIEATRIZAR S Z L2 RT
M2 5.

2. EERMICEDCEIELEAREZ & XXEREE
TEEERK

INETHIRT =06 O HFESE O RFENA I
&, RERXHIC B 5 AR HBBEE & W o eSS % 5
HIBMT 27 Ta—Fhe 5h, FOHEHERIZIE Dice
BT 5N 5 [3]. Dice FREUFXR :

2 fxy

Ix +fy

TEZIN, HERONSEFIRELEING. 221, fx
B fy &, HEE X BXOHGE Y 2N BT 55
B, fxy BHEE X, Y AUERCE CRIRHC Y 2 5
Th5.

D(X,Y) =

®IZl. [ERIZ|h DSt THEL TIL 3],

he|lworks|for|alcompany|in|Tokyol.

la XFRCOH]

Fig. 1a An parallel sectence example.

Ll [ER|IZ|H D&t THELTIL B,
helga

1b  EFHMRERGEIC X 2 WIS DH]
Fig. 1b An parallel sectence example by Head-Final English.

la iFZHERXOFITH 5. HAGEX PIE. HREIZH D
2 TEVWT WA, 7, HiEEIE ‘He works for a company in
Tokyo.” T, BI®D ‘| IFHGEDOKYID 2K L T\5. HAGE
DHFE W0, ‘2, JEFEDHEE ‘Tokyo’, ‘company’ D
M CIXRARFLBSHE 1 THO (R 1), ZD X SITHAFKH
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R 1 HFENHT ORI

Table 1 A calculation example of word pair extraction.

HAGERGE  SEGEHGE | FEBSEE  REFEORa7
B Tokyo 1 0.04
B company 1 0.29
=24t Tokyo 1 0.21
N company 1 0.04

THEEDBFEDMPIFAET DL A ITIE KB D70,

REFIETIE, HAREIIBIT S EHEBRENE (R0 ZITH
RO EDPBEAIAMET 2) LS FitkRtkic kb, &
D EREE H 50 U DORRBIZI AR X 7 EFHRE KGR
(Head-Final English:HFE) [9], [10] Z2E A9 5* . K 1b
WWRINTWVWDS &SI, HAGEXEHS LAY TEEIED
Mz SN2 bbb, REFETIHEEIHZ SN
7RERC (B 1b) T, HEEDIIGBERDIRE % & HEED L
FIZB T ARG EDES PSRBT 5. Zol
BUNLEAD DN VI E, WISBERTRNHEEN & U TH
bns.

REFEDOHBALEAEDD AT Agipp 1R :
0, O.
N, N,

Adifs =

THIEINS., ZZITN; BEU N, iZENnTh, HEEIZ
DEI N HARES KO EREZELTEOMEHIER, O,
BLUO O xxhTh, HHT 2 HARGEHRFES L O KE
BEDOXTIZE 2 HBIETH 5. X 1b DX ERXOHIT
(&, HARGEOMEHGER N;=12, HFEOMKHEZER N.=8,
PR OHBIIE 4, R OHBUE 7, ‘Tokyo’ O HEBLUE 3,
‘company’ DHBUE S5 TH Y, FIAIE, Hi & ‘Tokyo),
IZOWTH, |15 — 2| =004 2RO ND. A, ‘Rt
‘Tokyo’, ‘company’ DFEIZE T2 ML THE XN
AT EF LIDRT. RIRENTWD X ST, ‘HE,
& ‘Tokyo’, ‘&tk’ & ‘company’ 233U E I B FEDALED
ERINDZ L EE L TOMIZ AR THIRIIZ /N X W E
b, SGHEBROBINAITIZRBINT WS Z A
LB, WiRFEEL, HohLLOHEDLNZL EWEEE
UCEESI N HEEN P SERE N 5.
INFEFTRRTERLLDIC, BEFETIZSEREDS
HAEE 2 A X TR U 72 R R EE S 2 SR, SRR
THBIELVRAET 5 Z L 250z, HWBINE D S X7z §
FENHIHC & D NEREEEER A T DS,

U Y EHABEGE (HFE) 126R0 2 [11] 25, £f (R0
%) DBB~OBTEHHLET, Wi (‘ga), ‘o) OHisE, Eil
DU EEL THSNS.

2 P DR & S IR HT AR S R T o oh
RIEESI 2305 [12] 2 & CREORISA Y £ K5 FEAH & h
5. HIERERT— AU LT HAEDEI Y OBAVENE S
NI EFSEETE RS 2 LI L0, NI OB OE R R
EhTVS [1).
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3. EBR

3.1 XHEEBEHREZAVENRI—/RZHDLOEETHE

ARHITIREFES Y CHlb i 5 FEATEHEE D FHIC [13] B
5DOHIEFFRT =32 2,613 306 (R 2) 2HWE*3 . [
B HBUBEE O BAL 25 OHGEXN 2K 3a ITRT™ . F£7z,
% 3b [XFERHBSHE 1 OFITH D, Dice FRED/NI N E
DIPS 102 RUEZ. RhrobPrs &S5 ICHERHBSHEE
AEWHEIEMIWTNEIEL L (5K 3a), FARFHEREE 1
AL B e, HlZIEE 3b D 2F/BH Kk & bad D&
IS IHEENDREETND L DR B bbb,

x 2 FEBRT—X (HEHRI—/3Z 2,613 )
Table 2 Japanese-English parallel corpus (2,613 parallel sen-

tences).

EL HAGE 343
e DR | 4,423 3,309
FEE 35,513 25,327

EIRF ISR 1 C 16 1 OBFRIZZR WEEER I 1,474 4
T, RE[FEOMHN S L Uz, R 4 ICTHEOHMOKD
DERRINTVWD LT, AL DDOEES RASNT
w3,

x4 HEBOMOBDOHMA
Table 4 Distribution of multiple word pairs.

HEEDMOE | MK
2 467
3 133
4 32
5 3

K5 IIHHBEERSOHITHS. LEWHEOIF L TEHZ
LiZkb 11 oBENE LT3R LEZ. KR
‘X DY =T TREINTVBEIIZEROPEENTED,
HAIZ XD 51.9% (378 Atz IEL WDl 196 ) DKEFE
TH5H. £OIHFHIZ EE & ‘anything’ DFf - 72 HEEXT
MAHALNDED, ZHIFR 6 D1 DHDOMRIZEWT, #H
FED ‘anything+ EFE+EIF ORI U THARZED ‘A
TEH BDRIAET L7-0T, FEOREKIZLLZAES
ALND. Eiz, o WIS O MBS L U TRAEE
Fonsd., £6 02 O0HOMRT, B & Guice’ Dl
(Ra70.08) WEEINTWSBA, ZTNEREFIZHhN2D
ERIFEIOHBIEICB W THAEDO X L EE LRV &I

*3 BERMAMTALELZ D WTIESTHER [5] O AR ERHLTWS.

o BEESFOEFIZIE, EHT S HAREDHEE L O Dice REMERK
CIRDYEFEOHMFELZIWM O H U2 BT, TOWEEDHIEL D Dice
BB ARDZDIEH U HARGEOHEE L —H L -BRIZEET 5 4
Bl BRHLTWS.

*5 I ZAE EE 1T/ U T “otal’, ‘1.6, ‘trillion’, ‘tax-reduction’,
‘proposes’ & D 5 DDMMBEFESNT WS,
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HALTWS, HEAEOXE LT, ‘4 DVa—ANHT
AMED TI AT 4 v ITREBT, BONTWVWET, ' BE
FLVWEDTHE WA S, ZOMEEREE DI IR
HEIZEITONS,

PAEd S, FRFHEBSHE 2 W o 2/ GE TR LE
Ao T BAEE DY, REHIEIT XD UEEEREH WS
ZE THIHETREL 7B, 5 EROKETH S Z LR
ni-.

3.2 HHEENARVWERERT M AV MEEME

AREITIXEGED S HARGEN OFEMEIER (€ H BEMREHER)
ZED B, REHFICE DB SN BESOREICE
Z BB EFGT 5. FTTOXERIT — /S AT HEER % T
T RXEMOET) #BUTHIET 714 AV hE
6 b L, FEMALAIEZ RT 55T . REBRTIEY
TN zT7~x=aT70V (Fas s3IV EFE) @ Python
SERT— & [16] 2 W5,

FMD 7DD F A b E» bz 1,000 KK, BIFt Y i
1,000 30 2 5& K L, EEICAWSIME Y b 24,215 X
KNTHDH. BIEMHHHIZIEIE Y N DD 525 FHEA
DI L EREITHY T B H D E RNz 7,297 ST W=,
AT A U<, FRHIBEE 1T 14 1 ORBRIZRWEEE
K SEEFFIZL D U EWE0.15 %3 L THEEN 1,289
PEF=. BEAEOZFEATIEZZ D 1,289 HEEXHHE
&7z 25,504 SCHMHY DOIFRAI— RN A ZHS 2L & X
5. b, 161 OBKRTHES NS HREENIX 2,088 # ([
R BUEE R A 1513, B/ 1) HD, ZhE2HERGIEDR
gt T OEMBGERIZ P - 7=,

ZF

x Ta FHARO HEREAMR H

Table 7a Translation evaluation results by automatic metrics.

BLEU(%) RIBES(%) RHEEMK
F g b 32.5 74.4 563
FHEME (ERGE) 32.3 74.2 550
FEE (REHLE) 32.5 74.1 553

R 7b RIBES )29 % X
Table 7b Number of sentence regarding RIBES score changes.

RIBES ffi) =  RIBES A% RIBES fi{& T
B ik 267 463 270
%% 331 356 313

¥ BEET A AV MEEIE, W3- S22 E 1T 5 S T HEEN
FERE N IR KL O MILIZ & W EH I N D, AROERT
FHEET 74 A Y MY —)UZ GIZA++ [14] ZHWT W5,

T HRETHUBEBIEHER D Moses Y —v¥ v b [15) 2L, &ET IV
DEMIFAFEL Y b2 WD BuMEZE (MERT) & 0 &
WLz, 7a— XIS [6) DO EFH L.
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TANEY MIBUBHGET 71 AV MEYELRi#O
SRE O H B & A FERER Ta TR, BRERIZE
FNDLRMEMEBD HbETRU . M SRR EN
RO BBFHAERE LTX <RS0 5 BLEU [17] 8 & O
RIBES [18] *® #8MH L7z, TN SBEITIKE RHIZE &
WIRE %Y.

RKITREINTWBED, FHBAIZ X D REGEHE DR
DIASNTWBH, HEFEMFRERMEIC L ERek bk
REAFEOVTNHRADOM LiZASN TRV, Zhid
BEMHEFEFICEENIHROPRELTVIEDLHfRIN
5. WRSGiEERESEEEARS 2, BLEU [ETIXEE S
HEDFM EA S —F, RIBES fl TS ICIREFIED /DT
E5FERANRINT VWS, ZIITF A FX 1,000 2B W
T, XEDENIESNS RIBES {12 & v, FHimbiisg
DEDOEHZFEL 72 (R Tb). RFGETIHEDET T
3R IR TEZ VWO U, REHIETIEH ED
SBAME T % LR BFERVE SN T VS, BIMHEGER O
PR 5T 2,088 4 (FIRFILBEEAFH WEDNEL L EH
ENd), BEAIET 1,280 M4 (FIRHBSEE 1 OEHET 3
HUZERE) TH O, (KHHEOFFEANFE T DIRE L
DR Z RSN B Z ENTE B,

* 8%, REFEOEFRMIC L VRE LA EHXALN
T-RRRCDBITH 5. FHARN R D HEEIZ BN HFE N D%
IRV EARFETREHTH D, EBHE O HE B
PRI 2 RE R EABFHE T2 Z L 2RI
LTW3.

FR U XS IZaRE R EICIZRESIZEENZHY D
RENBETHY, HEIZEZEE L Vo 0 UHE X
5N5. EEIHITET & SI1T, WERXICTH T B85
i [19] BB RS NGOG REIZZE T o NG,

4.

BhHWIZ

ARTIE, MR — SR SEEMITLIEZEH L, SO
NG A V7 ARG R D kR RE L 7. $REHIE
T, SFERFECEDOVTHEEZAAEZ, GEIEZMZ -
SRR CRIG AW 72 EER 2 i 5 Z 2 T, (EBHED
BEEIZDOWTH MREEEERP e D Z e 2R U7z,
YA BSBHER D FERFE R 2 FT, BEET S A Y M EHD
LRI O L %8 U CHRE AL & B REREEE O E 2
A & Mz U7z,

KREHRS B E I P W T KB ORI — 2 %2 8
LIENHEL R oTWEY, HETAEsNZa—IIR
DFNEMFERIZ L DB R A 1 U HEKRIZD 72035 Fifliha 7
WOWTH ERMEMWMOVMOFTETH 5.

Ul

*8 BLEU RIEf#RE D N 75 4 (N=1,2,3,4) DA RO M T
T, HEFIREDT 77 7 AR Y X = RIZ#ENTE2HDTH
%. RIBES IFFBIEAEH S - f8iET, HESD & 5 IZFEIED
REL AL SHETOREFMIEN L INDEDTH 5.

© 2015 Information Processing Society of Japan

Vol.2015-MPS-105 No.2
2015/9/29

SE
1]  #WK¥, FiEEE, RKEGE  BRAEVOZ2Y -7y

2]

[5]

(6]

[7]

8]

[18]

[19]

TDEODRRXT v F >, HAE LR, Vol. 27, pp.
621-625 (2015).

AYGER, WIER, AR, LARRZE : REBEA —
T — A HBER T — N A DREFE, 2009-NL-191, pp.
1-6 (2009).

e ERET, ARG iR — 22U 25 RmE
o B, BRI GE, Vol. 38, No. 4, pp.
727-736 (1997).

AR, EiEE, MEE W3R — A2 569 5
FEX O H B, SEEABZERE 2 FAER KRR FEE R
Y&, pp. 197-200 (1996).

ks A=, $AARM, FKEEREGA, BOARTT, KHERT @ irpig
25 HARGEAN DR A AR, 52 20
[E4ER K2 FEREM X, P6-8, pp. 606-609 (2014).
FREEZRL, TFEATE, I : AAMT-MT 7 =7 2014 J&
ARG & O MR AAERE X E D BARRE AR
FI-Z S EEREIIR T Z v N 7 4 — -, AAMT Journal,
57, pp. 70-71 (2014).

FEHERL: V7 b7 o=V ¥—varolh
"o, HARERY v —F )b, 262, pp. 60-64 (2012).
Brown, P. F., Della Pietra, S. A., Della Pietra, V. J.,
Goldsmith, M. J., Hajic, J., Mercer, R. L. and Mohanty,
S.: But dictionaries are data too, Proc HLT’93, pp. 202—
205 (1993).

TRIR S5 H8 « EHBIERIZ B T BEEIHICDWT, SR
16 MIERKRFR R XE, B4-2, pp. 884-887 (2010).
Isozaki, H., Sudoh, K., Tsukada, H. and Nagata, M.:
Head finalization: A simple reordering rule for SOV lan-
guages, Proc WMT-MetricsMATR, pp. 244-251 (2010).
Suzuki, J., Isozaki, H., Carreras, X. and Collins, M.: An
emprical study of semi-supervised structured conditional
models for dependency parsing, Proc ACL-EMNLP, pp.
551-560 (2009).

Collins, M., Koehn, P. and Kucerova, I.: Clause restruc-
turing for statistical machine translation, Proc ACL’05,
pp- 531-540 (2005).

VOA Special English Word
http://www.manythings.org/voa/words.htm
GIZA++ http://www.fjoch.com/GIZA++.html
Moses http://www.statmt.org/moses/

Python xf g & — &  http://www2.nict.go.jp/univ-
com/multi_trans/member /mutiyama/manual /index-
ja.html

Papineni, K., Roukos, S., Ward, T. and Zhu, W.-J.:
BLEU:A method of automatic evaluation of machine
translation, Proc ACL, pp. 311-318 (2002).

Isozaki, H., Hirano, T., Duh, K., Sudoh, K. and Tsukada,
H.: Automatic evaluation of translation quality for dis-
tant language pairs, Proc EMNLP, pp. 944-952 (2010).
R E s N AR T — N 2t O F AR AN SO D H B E
R, IERILELZEREE 57 M2 E R 25 CHE, 5R-08, pp.
269-270 (1998).

Book



BRUEZMRRS

Vol.2015-MPS-105 No.2

2015/9/29
IPSJ SIG Technical Report
R 3a  HEHEHH OH]
Table 3a An example of parallel word extraction.
AR BSAE Dice /R | HAMGE  HHEE
355 0.737 1 he
275 0.764 28 she
153 0.576 7N I
105 0.582 HIRT= you
73 0.789 (25 they
63 0.906 KARAE president
61 0.726 HHLw new
56 0.778 Eie) said
53 0.675 K house
48 0.873 H car
46 0.773 2 two
44 0.553 & our
42 0.604 %< many
35 0.636 N people
31 0.602 i years
31 0.939 BRI states
31 0.925 B police
30 0.870 K water
29 0.951 PN dog
28 0.836 EN book
26 0.881 B government
26 0.897 3 three
25 0.806 E25 school
25 0.893 =tk company
24 0.608 % man
% 3b  HEENL o6 (FRL B 1)
Table 3b An example of parallel word extraction(co-occurrence of one).
FRHE AR Dice MR8 | HAHGE BEHEE
1 0.222 e end
1 0.250 b bad
1 0.250 FED let
1 0.250 ESCAN bad
1 0.286 VbikEo  field
1 0.286 S field
1 0.286 HA proposals
1 0.286 /el position
1 0.286 KERE wild
1 0.286 5% hit
© 2015 Information Processing Society of Japan 5
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xR 5 REHIEC K2 HES A O
Table 5 An example of parallel word extraction by the proposed method.
237 | HABFE  JEHEE IR
0.29 < thin O
0.29 | i< thick O
0.40 by anything x
0.40 EEFEK>  even x
0.40 B employee O
0.50 | ks dishonest O
0.50 RIEHE dishonest O
0.50 RN relationship x
0.50 | HEE listen O
0.50 oY pleased x
0.50 RS choose @)
0.50 e native O
0.50 4 &F5  crashed x
0.50 JABRAS  complex O
0.50 Y- settlement O
0.50 | #15% split O
0.50 fi 7> removed x
0.50 RS once x
0.50 ) —&—  opponent x
0.50 o shouted O
x® 6 FEBRTHOWAXIFLOH]
Table 6 An example of parallel sentence used in the experiment.
HAGE BREVBELZ L E2RATEIEHELAEVEL & D,
HER We can discuss anything you wish.
HEEX (HFE) we ga anything you wish o discuss can.
HAGESC HIAMED TIAT 4 v VEWT, <DV a—ANR6NTVET,
HEER More juice is sold in plastic containers than in glass bottles.
HEEX (HFE) more juice ga glass bottles in than plastic containers in sold is.
xR 8 HEHBEHEIERGI
Table 8 A translation example.
JR X Arguments are converted to those units:
SR BIBUIDA T D LSz U Ta i Ed:
PIAGER (EEmAbnT) I S DRALIZEBEINE T,
BIERRER (i) BIBUILAT OB DRI EHBINET,
© 2015 Information Processing Society of Japan 6



