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FHoE, MU esot L IERT -2 LRl 2 a7
I L, M5 Ra 7 TEFICH G 2R
MARDF—4 238RT 5 L, KRR RYEEBTESZ
EbroTw3 7. 20kHIC, ¥HIHEF—%
IR, ACYE 2T HEZ2ENE CEE (Targeted
Self-Training) &»9 ., L& L, [7] DFETHG S 07EE
WHOEEH L, WEFZDIERT —% 2 NFTHERT %4
EHD, aARBKE,

Z ZOARBETIE, HEBREHER O B RO 2 2 R 12
vz ZET, LhAdkwaz b TR O
HOEE 2179 P2 RET 2. AERHIRELZHWS
LT, 4L DBFORRa — 2% HAEEHO¥E 7 —
FELTHOWAEZENTE, IDIFADT TR A M
WURNTER ORI B &, Z1UZHED Tree-to-String BN
ORFEEE A B2 R T E 5. EBROKE, FEMEIRR O
JE&ZR L RSURNTER O H A AE 2179 LItk D, &
el OB OB B O SREcaER I BT 5
ZEDbhrot,
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1 BFOL— L Dfl
é := argmax Pr(e|f) (1)

M IIBEREIER D T b, Tree-to-String FIFULHE 5 55
HORESCR Ty ZBEICH V2 2 LT, 2 SHEROEM %
BRIV — L & LCRBIREE & D, X D KEDEWEIR
WH[HE L 725, Tree-to-String FFRIZ TEED & ) 2@ AL
TE&E 5,

é := argmax Pr(e|f)

= argmax ) _ Pr(e|f, T)Pr(Ty|f) (2)
Ty

=~ argmax Z Pr(e|Ts)Pr(Tslf) (3)
Ty

= argmax Pr(e|Ty) (4)

7L, Ty EHESORDBEOHT, b HERDEOREOR
Thh, TitoTRIND,

Ty = argmax Pr(Ty|f) (5)
f

Tree-to-String RN TH W & L2 BFR L — LI, 11
R X, ESHAWELLER » 2G0T REHWE
moflcRINg, K1 OFITIE, x9, 2, 2VE SHLZ ARE
BERTH D, FHOBEL, BTV —VHEOMHR & /4
BIZABBEMOMERZZR L T, ROMEROEVIRNERD
5, El, WEROE n MOMFERZIMNT 25460 H
D, Z3% n-best &9,

Tree-to-String FIER CIZHFFEX DM IARZHEIET 2
ET, 7L —AR—AFER L R T X D BE DR VGRS
FHTEL, Ll, BXRZFRICHAT 279, #ER
KRR SRITER DREEIC R E {HKAET % L v ) REDID
3, ZDOREBEWRET LI, EEOMSCRZERESGR &
WEEN BT 7 (Hyper-Graph) ORSETHREF L, R
ZHRIFUEH T % Forest-to-String FHEN [8] IR I LT
5, REXHRZRENCHW 2 2 8T, BEOBIRDOERD
H25, BEBEDORVGIRIZT I MIRZERT S L
NTE, FWFRBEOWREICOLRHS [9]. Forest-to-String
FERIETRLD & ) icEsfhTE 3.

(é,T¢) = argmax Pr(e|T¢)Pr(T¢|f) (6)
<e)Tf>

© 2015 Information Processing Society of Japan

Vol.2015-NL-223 No.11
2015/9/28

3. WXEBiROBCHFHE

3.1 BCFZTOHME

REOSURT iR D HO¥E £ 13, BEOE TFILTEE L
IRENT R IH L 7SR %, £ T VD ET—2 L LT
w3 2 &T, WSR2 TSRO 7 — 2 1GHEIG S &
WEZA LI FETHS, %0, HEFABENRDOX
SR T, 2 (5) IS THER DR b WSO Ty %
k&, ZOWXRZREEITEROFEE IS,
RESCRRNT 88 D H %48 13, Charniak 12 & b #]& CTHGE
i, WSJ a— 32 [10] I X > TH¥EH S iR RA
X (Probabilistic Context-Free Grammar, PCFG) €
T % RSO TIE, HOeFEEoRRIISshs
ol tEINTV 2 [11]. —75, MX@re 7 Loh
Td, PCFG-LA (PCFG with Latent Annotations) &7
JVIZHCEEIC X RISICHHTRTEE DS Bd 5 2 LRI
nTw3 (12, 23, PCFG-LA E 7 LHEEERET
Wigle®d, BOEHICHO 2R ) EER D L
%5135, EM 713V L2k ->T, IEfEAE@Eck
RS NTRESCRD S, EMER QR 2 it cE s 2L %
HHIZH T3, AWFiTlE, kb &I PCFG-LA
ET NIRRT OH Y EH 2 EZ 5.

3.2 BWERICEITIEXEREOECET

WESURHT a0 B 28 % LT, BB O RS % My b
S BETMEIZ L ODEFEET 5. Katz-Brown & 1,
A Z [13] IS 2 REUETa O B2 EH 2179
&T, BEMEHER S A 7 2 B ORIFUE DN | L 7 & Wi
LT3 [7. ZOMETIE, HECNTERH I L 72fSoR
DFEAIOHD S, WO Z DREED R D & < & 2HXKRZ
HOAH A 2B WH S AE 2 W T, @ o O
HEDBRNAACEEHZHEBIL T3,

HENEARFZ T, HOOR Ty IO WT, RFZ S
NIEEREX f 2 ERT 230~ 2 BIEL reord(Ty) 2 7E
#BL, YATAIZKBMAREZ ZIEBITARE R f/* L Hlg
T2 A3 7B score(f*, ) CTHMIiT 5. EHIHbNn
BHESOR Ty 13, WSRO Ty 25 U FTORIT X 5T
ERING,

Ty = arg max. score(f"*, reord(Ty)) (7)

¥ 72, LS 1T Tree-to-String BHFRIC B 1) 2 R SCEMT
MOHCEEHOMRZHEEL T 5 (6. ZOWZEICK S
&, Tree-to-String BIFUC B W T HRESUENTER O H O E
E—EDRIRERLTWE, 7L, O TR
Wréansthi /) U7z 1-best Rz 28 ICHIHT 285 O HOAEH
ORAZGTED, BENHOYEICO W TEIBEES
TV,

KA TIE, 2o DIF%EE b LI, Tree-to-String FHER
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123517 % W SCRRT AR 0 B2 I D2 B O efil s 2 42K T 5
KEDHETIE, OFHROFM, X OMRERGET 5.,

4. BEBEROBEZERUICBCFE

BH A ICB O TEER ML, FEICHHT2 7
FaVPIGERT 20 EV) HTH L, DETIEAIET
9, BOEHICHO 2R RESCRDZERE, BXO
KOFEREICOWTIBRR S,

4.1 BIXAROZERE

3.2 fiiCii R 7z, Katz-Brown & DENHCEE [7] T,
ANFTIER S N EERI I RO IFIE A F— 7 &
WESCRENTER DS L 2V 2 77— % L DR 21TV, %
SIEENEVWDDEEET—2 L LTGEIRT S, LaL,
ANFCTHIENIGZERT 2%DICIERER IR N5
TLFEV, REEBELT—9 %2 AFTHERT 2 Z L1385
Ty, ZORMEZRIRT 272012, KWL TIEAFR
A—NADHEMHLUENHC A 21T FEE2RET
%, BRI, BHRRERIC X o GEIRES N 1-best iR
XARZEYEFT—% L LCTHW ST, BN E 2 v
TEIRNZI 72 Oracle BROMIARZ W 2 FiED 2 2% %
AT 5.
4.1.1 #BERER 1-best

2 TORNR L)L, BXHFEZMIREOAL L LY
&, BERONROBEMOT D SHFREENE 25 LA
DNBWESCRBFIERIIC L > GRIRE NS, 2tk D,
FRRERDIH )T U 72 1-best FRICibH L7 HESORIZ, HESCRRAT
MO L 72 1-best DMK K D ACEH IRV TH
2LtEZoN%,. ZOBEDOHCDHE I 5 RORIZ
6) DTy £ 5.
4.1.2 HEFHERE 1-best

FHEROEE, BHEREIER OB O 2 5, B b FER
HEREIE VIR % 1-best & LTHIIT 3, Lo L, HEBEIC
GEIERAR ST L 72 1-best SR E D b, R L 2o 7 fthD
n-best RO AFVZMEFUGEL, & O FIFUHEE S VWEEDS
HIET 5. BRI E o6, B SR e 10
% Oracle e E 5\, 2L DRAEZLT T 7 — B
error(-) Z T TNROM Y LI 5,

_ . *
€ = argmin error(e”, e) (8)

AWFETIE, n-best FRUK L € H EhFHM R EZ T A
a7 EET, ZOBRD A 2 7 3 b EVEl%E Oracle iR
£ 9%, Oracle FRICH S N7 ESURIZBIERER 1-best D
HXARED S, & 6ICHEEEOUEE ISR 2 ESORT
bhrLtEIOLND,

4.2 NXO=EIRE
4.1 fiTlx, 1 2DOXNRH 52271 AR % i
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HT 2 HEICOWTIHERZ, LaL, 25ZHIEL VWRD
n-best DFIERERMICE EFN TR WL E I RGEE, s
DXDBEED ) A XL L 2THENHE. 2070, AC
HEOEET—5 L ZHEREBH N L tlioh a5,
FEICHW S T =% 2 8IRNT 25 L7 2 /R _LosgEin]
BThHbEEZLNS, AT, IR B BFHmE R
%2 72 LD HFEFIHERT 2 FiE, BlERER L-best &
Oracle iR AEFHIED ZEDIR E WX DA ZHHT 5 Fik
D2 OZIGEET 5.

4.2.1 BEhFHEfEDERE

2= 20H1ziE, BEREG EFCRIRT 2 2 L3t
9, BEIEHMEREMES o TL F ) XWL S HEET 5.
HEIEHlifEIME 2 2 /WA & LTI T D X 9 RIEHEE
ZoN5,

o Ao T WEURDEFRICHEA I L re.

o BERERDFED 3T,

o HBEFEAMNfEZ FHHE T 2 BRI o NSRBI ER &
BoTED, BB LI WiRELE>TW 3,

o I— RO DBHY, ELVHRT—2 LAk >Tw
R\,

D& plX, HlzZ Oracle iR TH -7 & LTH HBFT
flifEAME L IGA, BOEHOBICEED /L RkoTL
FH)ARENEL, FET =0 oRNT 208D 5.
¥ 7z Tree-to-String BIFRUCE T, EREEOFEER%E H
NI B7DI1TlE, IELWHESORPRE L 2 57-O, AEFE
fififE2S = WIS b N ESORIE, TEL WRESURTH 3 7]
el E, 2 OIED S, HENEHiEL—E O Bl
ZERAlo7boDRZFERICMHHATS LT, L DEERN
BB EEZ oS, HEZ t, X i D Oracle iRk
% el L33k, Oracle REFRDES E Ohh o, #H
b d 2 3 BRI REEIC X % 2 2 7 BI# score(e) %
HOTUTOEATEINS,

{i | score(e?) > t, € ¢ E} 9)

4.2.2 BEFHEEDE

RICHEH L 72 sil%, BHERER 1-best & Oracle RO HEYFE
fifEDZETH 5. WUBITEICK D, EMBEITRE HHE
XARDE IR Z FFOM S I N 5546, RS
1-best TIFFA - 7MEURZEINL, HRE LR 2560% 0,
—7, Oracle SRTCIIRECHERD i d> 6 IE L \WRESOR A
INDUHEEDEN, 2D, Oracle fUCH B N
WXARZ2EEHFT—% L L THVS Z LT, BRI
TOUPEIEFRICHE L 2 AmIBIES s, Zhickyh, AD
EE LIRS 2 A O BIERER L, IEL WEIERRES R %
l-best & LTHAL®T A0, ERE L THEFBEDKR
OB D EMFTE S,

INESCEIIC N Z B 572912, 1-best R () & Oracle
e oo FHiifEo 1 b2 23 BI%K
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gain(el”), &) = score(e!”) — score(e”) (10)

gL, R (0) LFRBEC, M EOKSAXERRT 2,

AFETE, FHICHCLIXOEIONMi%Z 2 — A4
& FRRIZIR D78, Gascd 6 [14] I k> THREI N
FLOREHNT, XOEIIHL RN+ 2. =
2T, N(le|+|f]) 1, HNE#EX e DRI % |e|, Kk
X FORSE |f| £ LEMHS, ZOR e+ |f| b8BT %
XA —=RNANICHFEL TR THD, NiFa—r2aH
DXDWE 2 RT.

N(lel + [ £])

pllel +1f]) = N (11)

5. SKERRYETH

5.1 RERRTE
FERIE, RESCRNTRR D 23584 L3 W HAGE O RESURIT
WmAEHVLHYEE - HPEERZNRE L., BIRT—2 L L
T, PRERCE PR L 720 a — 2 ThH 5 ASPEC* %
MAwi, BOEEEHOMRZWGEET 5 72 ORI D X —
AFAVVATLAELT, TYTEEMTOMRY —7
> 2 v 7 WAT2014[15] 128\ Tkl 2 1372, Neubig O
S AT LMW [16]2, 7 a—412Z Travatar[17] %
>, Forest-to-String R Z 175 7z. RESU#ENTIZ PCFG-LA
ET N E W Egret® 12X DT, HAFERD ZIFa—
232 JDC[18]( 7000 X) THE L e ET V%, BHFEDET
WE LT L7, Egret 3MHG ICHE TN ICRIL,
XARZHI LB EEDRDH 5. Z2DTd, RESURNTICRK
L7 EE T =8 5D b7, EAREIER O KR I,
BLEU[19], RIBES[20] @ 2 > ® HE)EHli REE Z v TR
filil 7z, 7o, CHAZOEMBEROREIX BLEU+1[21] 2
FACTEHi L 72, A2 I3 7 =5 3EfFOE TV
TH% IDCITMZ, ASPECD FL—=v 75 —% D
5, FVFLFELITEDHETHHINDDE LT,
7, HO¥YELAEETNVIEZT A FRFOARBH L, BIRE
FNLDEEZ IDC THEE L MGFEDOE TV T o7, &
BolonfEiiE, 7= A oy 70Ty S
B [22] IC K D A EAZRGE L 72, XEiTlE, TRl
Tz G § %
Parser 1-best
K (5) D& IHIT, Egret 231 L7 1-best HEXAKR%Z H
CEBICH VS, HEYEHICHW 37 v L
e 3.
MT 1-best
4.1.1fin & H12, Egret 571 L 7-#3(FF% Travatar
WAL, Travatar D 1-best BRI b 7-MESCKR%E H

*1 http://lotus.kuee.kyoto-u.ac.jp/ ASPEC
2 http://github.com/neubig/wat2014
3 http://code.google.com/p/egret-parser

*

*
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CEFICHGS, HOEHICHW R UZ S v & L
42,

Oracle
4.1.2fiD X 9512, MT 1-best & [ARD AJIT, Travatar
L 72 500-best DFRDFH S, b BLEU+L A
AT7BREOFUME O NI CRZER L, HO¥EEIC
w3, ZoBE, B3N 5 n-best 134 TEEDIMEL
XEBEHIII L, HOCEEHEICHWAXIE 7 v 54
Wi 5.

Oracle (BLEU+1>t)
4.2.1 i X 912, Oracle & FRD HFETIE RS /-
R, WXROFTY, BERAHRD BLEU+L A2 748
—SEEM ETH o X ORI AD A% H AT I H
W5,

BLEU+1 Gain
4.2.2ffid X 912, Oracle (BLEU+1>t) & [AERD 5k
THEIRI NI, BSURDHFTH, 1-best & Oracle
T BLEU+H1 A2 7 DEPKE W R H O
Hw s,

BEXE 7 VY LCHINT 25610, HERRTIEA T
L=y 77 —=%01/20, HHEERTIX 1/10 240 L 72,
F 7, fhDFiE EIZIFFARO X E % % & 912, BLEU+1
Gain 1B L TlE EA7 10 ML 72,

5.2 REBRER

HERER T O FHEAS A2 R 1 1R T, RIPOEAIFF I,
REFHEOBRKIENR—=2 74 V¥ A7 4 LKL TH
FHICERICE W E &2 T (1:p < 0.05, 1:p<0.01).
Z1HD (b),(c),(d) DFET, HEEHIHHLTWw5X
1% Egret 2R SURNTICRKM L 75 A4 2R TR—TH 5.
7t8, £ D Sentences 1 H D AE IR L 23X 2R L,
WFE TN TH 2 JIDC DXEILE F 2\,

WEIES [6] DFETH % Parser 1-best ZEEHT—4F &
T2HETIE, BEOMEE2E2 I ENTE Lok (R
1(b)). TOBCHCEEICHV s N RSIRZER L 72 &
25, ELWVHESIRG 2728, oMtk RSN,
TR ESHER T E e dr o 72 DIZ R - 7SR D I
FicmoldroittEzo6N5,

MT 1-best T, HXHRZBERL 72/5H L LT, BRI
EEO E B b BESURDRIRENI CEREIN S, L
2L, FEEFESD 5 1% Parser 1-best & U L 723556 FHER
KEER ELTWE2, N—254 v A5 L EHEEL %
B, BEomEZR SN ZR»o7 (F 1(c)).

BRI D 2> & Oracle iROBEXARZ FHT—5 L L
THW2 &, MT l-best & D b X & ICHIFUEE DN E VAR DY
BRI, R E L THLEEZRORMPEESE T L
LTw3 (£1(d). ZOBOACYHEICHVSNZXD
BLEU+1 A a7 Do Ai %K 2 1R T, KIdAlhZ » & L
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Sentence selection | Tree selection Sentences (k) | BLEU | RIBES
(a) Baseline — — — 23.83 72.27
(b) Parser 1-best Random Parser 1-best 96 23.66 T1.77
(¢) MT 1-best Random MT 1-best 97 23.81 72.04
(d) Oracle Random BLEU+1 1-best | 97 23.93 72.09
(e) Oracle (BLEU+1>0.7) | BLEU+1 > 0.7 BLEU+1 1-best | 206 124.27 72.38
(f) Oracle (BLEU41>0.8) | BLEU+1 > 0.8 BLEU-+1 1-best | 120 12426 | 72.38
(g) Oracle (BLEU+1>0.9) | BLEU+1 > 0.9 BLEU+1 1-best | 58 $24.26 | 72.49
(h) BLEU+1 Gain BLEU+1 Gain BLEU+1 1-best | 100 t24.22 72.32
* 2 HACYETEL HPEEROKE
Sentence selection | Tree selection Sentences (k) | BLEU | RIBES
(a) Baseline — — — 29.60 81.32
(b) Oracle Random BLEU+1 1-best | 130 129.89 |i 81.66
(c) Oracle (BLEU+1>0.8) BLEU+1 > 0.8 BLEU-+1 l-best | 150 £29.91 | 81.47
(d) Oracle (BLEU+1>0.9) BLEU+1 > 0.9 BLEU-1 1-best | 82 +29.86 |1 81.60
(e) BLEU+1 Gain BLEU+1 Gain BLEU+1 1-bset | 100 129.85 |1 81.59
(f) Oracle (BLEU+1>0.8, Ja-En) | BLEU+1 > 0.8 BLEU+1 1-best | 120 +29.89 |t 81.58

25k
20k

15k

10k
) “I
1 nn

0
00 01 02 03 04 05 06 07 08 09
BLEU+1 Score

Sentences

B 2 Oracle ®HEEHICHO S N7 XD BLEU+1 &2 2 7 D534

T, z B k2 +0.1RKi® BLEU+1 22 72 oX 0%
LTS, ZOK»SLH5 X512, HlZ Oracle fRT
LEEFICHVWLEN TV B XD 1Z BLEU+L 2 2 7 HMK
{, ZNOEHD /) A AL h) AEEEOEITFIZR>T
WwrEEZLNS,

Z 2T, BLEU+1 R a7 ICHfi% &0, FmiEERT—
Y DHREEEHT =5 LT B L (F1(e),(f),(g), X5ICHIR
KERH EL7, 202 oo Ho%E %
119 854, BREEOHBIARZIND RE, SREORIARD
AREBRTIEVEBELLEZONS, ZOEREL LT
BLEU+1 2 a7 ORBEZ H\w 2 FRIEERTH 5 & HER
T&E7.

F 72, MT 1-best & Oracle iR BLEU+1 A a7 DD
RKEOT—=IDAREHNDS L, HEROBESANTERDIERD $
T, FIEEOUGEICHLS T 2RO AZERT 2
EMBTELLEEZONS, HEFICZOFETS BLEU+L
A A 7R E O TXEIERT 275k L, ZIEHEEOR)
EHESND T ERMERTE: (F 1(h).

Hrpco g a2 £ 2 1R 7, HE L kIS, BOY
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FITHOBEURZEIRT 5 2 Lk Y, BSURNTEE X
DRRO T — &I L BTG L Tw 5 2 Lo
BTE.

B GC LI, H¥EDF—2 THAYE L HWERERO
KEGEICEHRL 227V %, 20 HPRIFICH N
EZh, HEFFRICB W THO HFTHH L LT MR
EokEm EpxRens, Zhickbh, FHEINZETL
DEWNEEICHT 2 A MIZ S IZEEL B EEOHNE
FEDT = R EbYTEET—Y LT LT, I5ILH)
RN A EEPITA 2 REED D 5.

5.3 BEFBICELIREHEDH

RESCRpT a0 H eI & - T S - HIER o fl %
RIRT, £, £3ORMOBRIMH S RCR%
3T, Zoflrs bbb k)T, Tree-to-String
RCIEIRESURNTRE RO D 23, BIFUEEICKE CHEL T
LEIH. EBRIIR—ZA 54 V¥ AT LORURIZLFR %
ELLHEZENTEST, RESCESLHEIRELR>TW
2. —Ji, HOFEZT - WSURITE L, EL < &)
ENEITHIENTETED, ZOMEMNABLEBIES
NnTw3s,

6. HbHHIC

AT, HEWEEROREE2EE L HDEH IV 2
XHEINT 2 2 T, Tree-to-String BFIZE VT, XD
BRI R ST D H A EIMTA 5 2 & 2GR L 72,
H, Hero 2 DOFFEMICH L TEBRZITY, KAFET
HOEE L RSO s 2 v 2 2 8T, e o BiER g
LD ERE LRI IRZ2EON S X ) ISk o7 T L D0
RTE, 7, HETHOYHE L WURITEDE TV
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£ D %R S L HER o)

Source CHEH CTIHERDOFEH Z 240 771X blc > THo I 8@ L 7,
Reference in the C - administered group , thermal reaction clearly increased the activity of R for 240 minutes .
Baseline for 240 minutes clearly enhanced the activity of C administration group R .

Oracle (BLEU+1>0.8)

for 240 minutes clearly enhanced the activity of R in the C -

administration group .

Bz P
/\
44 P Wi %
_— \
Bigo P il %
- \
ile P WiEo EE)
_—— \
HighEls P s P %)
N —
s MiWiEds hEEET P Al
\ \ T \
C 5 4 WiEEAc P R
‘ /\
B BhEpEEC BhEE
\ \
T 1%
(a) HEAHHTOMIRDH
B3 Bdyd

Z, HHoBREDOE
DERTE -,
SBOMEE L TIX, I5I2% L OSENTRETEN
HEHATRETH D L 2R T g Tons, £k,
HOZEEIC X 2R IFEHNEEIC L 5 %0 & v ) iRgMED
MRINTe0, FEBICLEHETHEE T 280 TEM
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