E— B EIENRMEEZEMR L BHEIERD 20D
BEENF B FE
=i BHPET - Graham Neubighf - Michael Paul' - Fiff i

REED S IS 1B W, BRIISEIRS N7 — 7128 L CORIER T v
NG L TCTETFVOEFEEEY BT LT, PEOITA N TRHRWIZEE %479 B
WMATHD., ZOBMALEMEFICHAT A2 LT, AFHROaA N2z
OEMBELRFIRET NV EZEHETH 5. WHEIRO -0 0= cix, AFH
ROWMKRELDLLTFRIEZTL -2 ED L ) IIRINT 2 905 B0RICK &
52 LERE LD, BRI L2REN2FHELE LT, HEHRI—/SADOHGE
n-gram $FEIZEED X n-gram BNV v D E[A LS L FEOEMEI LN TN S,
COFHEEI—HT, 7V—RAORKENFHIBEINDL I LI2LD, AFHEEORF O M
PR ENT, AFHFDWEEC R 25605 5. 72, FeBh=E OB CER L
N57L—X21E, EEOEFHFETIDNE ) R LB 5720, HEERH 72D O
2R )BEDEZ ONDL. RIFZETIZESFE T — /7 S A DA BT RS 5
W THEEZ R LoD, AEMERICHIBAED 7L —XDA%E NFHRO
BHiE 357 L — XERFEXRET L. AWMEOREFEOGMIMELAET 572
O, BRI X 2UERE WY I 2L —Y 3 VERB X OEMORIERE
L5 NFRIRE EBEHZ V7R A ER L 72, 2ORER, REFHRICL - THE
KL DB DL VEEROMR TEWHTREZZERNTE 5 2 LR, AFHREEOR
ROFGEM EICHERTH D Z EATRENTZ.

X —7— N ETORENEN, seEbEE, AFEIER, o — 3, BESURAT, AR ST

Selecting Syntactic, Non-redundant Segments

in Active Learning for Machine Translation

AxIvA M1ura®, GraaaMm NreuBIGHTT, MicHAEL PAULTTT and SaTosHI NAKAMURAT

Active learning is a framework that makes it possible to efficiently train statistical
models by selecting informative examples from a pool of unlabeled data. Previous
work has found this framework effective for machine translation (MT), making it
possible to train better translation models with less effort, particularly when anno-
tators translate short phrases instead of full sentences. However, previous methods
for phrase-based active learning in MT fail to consider whether the selected units are
coherent and easy for human translators to translate, and also have problems with
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selecting redundant phrases with similar content. In this paper, we tackle these prob-
lems by proposing two new methods for selecting more syntactically coherent and
less redundant segments in active learning for MT. Experiments using both simula-
tion and extensive manual translation by professional translators find the proposed
method effective, achieving both greater gain of BLEU score for the same number of
translated words, and allowing translators to be more confident in their translations.

Key Words: Statistical Machine Translation, Active Learning, Manual Translation, Par-

allel Corpus, Syntactic Parsing, Phrase Strucuture Analysis

1 ’EU®IC

FET BB R (Statistical Machine Translation: SMT (Brown, Pietra, Pietra, and Mercer
1993)) TH5EIIUNEE 2380 5 1018, I 2R — S A DB £ RART R Th 5.
B2, HOBEWHRT =% 2/(57201201F, BEMRIZE 2 AFHRDPLEL 2505, FHEFHE
DETEWIR P &ES 570, FHFRRRIEEGEL 2TUI R 55w, 2o L), EET—%
21D I2ODNFEEZIMRA O OBV 2 Z N T 2 T e LT, BBE)FE (Active Learning)
WHHNTWAD. SMT IZBWTh, REFEEZ MWD 2 &L TATHRO I X~ 2R D08k
FEZFIIRE 7V 2 52 1B Td % (Eck, Vogel, and Waibel 2005; Turchi, De Bie, and Cristianini
2008; Haffari, Roy, and Sarkar 2009; Haffari and Sarkar 2009; Ananthakrishnan, Prasad, Stallard,
and Natarajan 2010a; Bloodgood and Callison-Burch 2010; Gonzalez-Rubio, Ortiz-Martinez, and
Casacuberta 2012; Green, Wang, Chuang, Heer, Schuster, and Manning 2014).

SMT R, Z Do BREFHELI S A 7128 5% { ORBIFEFEL, WRELE -2 D
RO EDOXET ) T=FIIRT R, L) RICERL TS .pﬂ6®$&@~%mu,%
DHPOIEIIS LEDET, SMT Y AT AIZHEEZIERZ L EATVAEEZLNAHIC
TR ZE ) HCThH. HEFRT - IIEHETHIL, BFOMRT =2 IIEHEBEL 2w X
VBT =R2EL L BT 5 F (BEck et al. 2005), HIED SMT ¥ AT AZBWT
BHEENRVT L — X% % O30 %BINT 2 T (Haffari et al. 2009), & %\ IZEIFHR R A
BHEESIND SMT ¥ A7 A DmEMMEL %% X ) %30 % &R % F: (Ananthakrishnan et al.
2010a) 7% EVREMTH L. IO OFFETEIRS NS L, HWFHE 217 L THIRZRTER
%@Afwé&%i%né#,%@ﬁﬁ,%ﬁyxTA:%:ﬁn—éﬂfwé7v—x%y
CHEATOVLURREDNE S, ROGHRIA N 2E T LREPD 5.

LSMT ¥ 27 A OWRE 23S 2 6, FHEAE ST — S 2 OMFHRIR B L 2 2 IEFRIC EOREEV» %
HBEHIREE 2 BT E ORI L 5 2 9%, ARTIIR O REN 2 ABEFHRE L E 2 515 BLEU X
37 (Papineni, Roukos, Ward, and Zhu 2002) % i\ CaFfifid %.

2 RfmTIE, 7L—Xk AR DSR2 EBOE S OWS T2 ET b0 L L. X&efRHEEb 7L —X
O—RELTH) . £/, BT H2WHEECECBT2WEEXANL TR 2L & T5.

464



=/, Neubig, Paul, 7} MEN—BMECIHENTRMEEER U MR O - DREEBFBEF &

COE)ITLEREERT HZ &L THREIZR I AN 2ETHHEICHLT 5720, HAFEL
By 271250 TIENT L —Ab e b XOBANT /7= 3 > 2179 20 DOFELRE
SN T 5% (Settles and Craven 2008; Tomanek and Hahn 2009; Bloodgood and Callison-Burch
2010; Sperber, Simantzik, Neubig, Nakamura, and Waibel 2014). 5§12 SMT (28 WTiX, XD
BIRFHETEFTEA 7L - A2 NRICEATLE ) BEICHLT 57-0, JHEHEI—/SAD
HiZE n-gram FEICEO X, I —/NRATHN=EN TV AR WVESET — /S AR Tl S HE
D n-gram HEEZFHTHRO 7 L — XL L CGERT 2 FEPRE S LTS (Bloodgood and
Callison-Burch 2010). ZOFFETIL, EIRS N2 7 L — X&EDPLTFRE TV D n-gram B
INLy D3 M EICHS L, S0 HEELZERL 2V, SGERFEL D S D WHEEKEO A
FRRTHFREEZEZ M ESERT L, BHAMRICENRTWS, LrL, TOFEIZIE22OD
FERDZET b5, T, K1 (a) ITRT L 912, n-gram HEIZES (7 L — X0ERFE
TIREHDO 7 L — XM TEEEH G DL 2D ICR G ITIEENSE L, s 2 ) ORER L
K% ) MENPH L (7L —XBOEEME). 72, RRKT7LV AR n=4 % EIZHIRS
N5728%, “one of the preceding” ® X 9 |ZAJ#HilE D —H A3 72 N7 WASEE T TRIERE I2HR
SNTAFIRSHNEEIC 2 208D 55 (AFHEOMAE{LREE).

ARWFZETIX, Ao 2 DO T 272012 2 FFHOFELREL, H57 /77— 3

any one of the preceding claims
—>

2 S

~ & - >

(a) TERFVEIC K B n-gram 7 L— IR (n = 4)

any one of the preceding claims
A A
(b) RFIEIC K BT L— R

NP
/;P
NP ﬁp
P — T

DT €D IN DT JJ NNS
[ I I

any one of the preceding claims

SO —><—>

<€

&
<

(c) FRETHEIC K BRI
1 7L —XERFEOM, B I ONERTELREFTEDOIE

BANENDT = LT, ZOMBERPEDREETNVICEEIN TV I NEVIIREEZ A NL v Y (BES)
LIPS, AT, BESHEI—/SAHO n-gram PRIRETVHICE TN EEICEHT 5.
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YEORREBFEME LSRRGS 2 BEEOR L HiFS 4H). 71— XHoOERRM
AR LTIE, M1 () IR L) ICBEERERES7L—X2HmEa LT, w7l —
AXTHNLy VEEDZ L CTEHMEOR LW REL EZ 5N BRK7 L —&RFE, 4.1
i), EEEIMDEBEE, 25 _KEVWT V- A%l 3 23L8ELE LT, KRR TIEIBARINF
5l (Yamamoto and Church 2001; Okanohara and Tsujii 2009) D %E# % HEEFIZ#H L, BAE
BT L— AOMELYRIEICHW S, W#EHEEOR R LREICH LT, B () ITRT L9
2, BEEFHT —/SAOWREEBRIT 21T\, SMOARE LT L) %7 L — A MEENICE ST L —
REARBLGRRT L2 LT, AFHTPED L EEZLND (EBAEBXARRRFE, 4.2
fi). 72, IS 200THEERMAGDYE, 7L — XOAM: LUK % FIRICEET 5 T8
IZOWTHRET 2 (4.2 Hi).

RIFFECTIRET 5 7 L — ZABIRFE & LBV A E RO EL AT 5720, 354
BB L OSEHBIFRICBWTERNIC 7 L— X OB - ETIVEH - fHiliz 7)) > I 2 L —
TarvER GH) vEBL, TORE 2 O00REFEEMAGHLEL I L TRKI D LR
EIHFERTHNL v Do ERFFREEON L2 @ T 5 2 A TEZ, KIS, HOHOKR
BIRTENATRFICEG 2 2 HE»RET 5720, HFORRE I SRIFIEE & FEEHN % (E
L, 7R~<120 B2 3 X SVESEREH TR S N T— & & W TEBR & i 247 - 724G R
(6 &), FERICEVEEBIZE I REN. F/2, FBRB I CRICES 7 L — X#ERF
FIZBWT, IRV ZZET 225, L) SVEGEOMTHRRSHE LN D &) Eh
bELNTS,

2 HEWMEIERD - DEEEIFE

RETIE, BWEIERO 720 OREIFEE FHICOWTHRRES ., FERNROFERE %S 71L —X
REOHEEHEI AN D, BRWICHLWESE7 L— X2 #RUER, FHHT—5 &L
THRERT =22 AFNEEx F L 5 & Algorithm 1 D L) IZ—KILTX 5.

LATE?S 4TETT — ¥ O, ILE1T) . SrcPool IZEEFEI — /S ADETREF L
TLEEGTH L. Translated FFRFADESFH 7L — AL HWEHETI L — A2 ER LT
LEAETHY, MPIREEIZZETE TS, BISHRT = 2352 5N T 2551218, Translated
RRETH I ETRIFEMIEN 7 L — XD#EIREITH) T LB TES. Oracle ZIEED AT 7
L= LCIERRE 5252 TEDE TV THY, AFRIREBELZETVTH 5.

EANFRERRICE L 72— a X MI§ 2RFREEO LA 2 RIS BT 278 RRE L, 1EERMd ) ORER
L VEFED) OBEMEICERT 5.

5 KEROWNEE (=i, Neubig, Paul, F14 2015, 2016) B & U (Miura, Neubig, Paul, and Nakamura 2016) T
ENT5.
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Algorithm 1 #WEIERD 720 O RESHEE Fik
1: Init:
2:  SrcPool + MFMBEM O EEI —/3A
3:  Translated + FEFFREA DRI — /3R
4: Oracle— A7 V—=ADOERRE252 5% 5 7 )V
5: Loop Until {S1E54:
6: TM < TrainTranslationModel(Translated)
7
8
9

NewSrc « Select NextPhrase(SrcPool, Translated, T M)
NewTrg <+ GetTranslation(Oracle, NewSrc)
Translated «+ Translated |J {{(NewSrc, NewTrg)}

51TH2 5 91TH CRIERE TV OBRM 2 FE %2179 . 5ATHOFIEEMFIZIE, FEO#T Y
LIV RBETEDN, EBEOFHGHE TIE—ZOMFREEIEZR L-REEL, FROFE
T HERE IR U Z 72 ECREIFE LT B2 810257259, 64THTIE, £
OEFE TR L TWAXER T — /32 Translated # AW TEIRETNVOEE 1T, /2, &E
BRI BV Tid, BIRRETVOFEERZRICHFTWEEOFM A 175 . 71TH TIX SrcPool,
Translated, TM =HWiAEE LT, WICHFHRE R LESHEILVL - A2 ®IRT L, 22T
T L= REPURRIC ML 2 2 HHR L LT, FHEAETNVIIBIT 57 L —ARMOEHEE, I
IZHFZHHT 2% 7 L — AOREME, #FREHO 7L — X056 ERiRE #5700 3 X M
ENEZHND.

WEIP DL, RO T N T) XL TATHTHER/T7 L — ZHERPFSEHEIZH SN BAEA R F
FEELT, BAEO7L—ERTFE 3H) BLOARMIEORETE: 4H) 2oV Tk~

3 BZE pogram MEEICED(N - TL—XBIRFEE

RETIX, WERFETH L HFE ngram HEEICES CGEIRTFHEE 7L — LERFHEIZOW
THENMNT 5.

3.1 HEE n-gram SEEICE D GERFE

HAEE p-gram BHEE|ZED O SGRINFE T, BEHEI—/SAICEINLHEE-D n DTOE
TL—=ADH 5, MFRBEADESET — 7 ICHBET, »2OoHENRKE LD L) R b0EED
WaEIRT L. BRIZLZBML TN E, FIFEADT— 8 BEEHEIT — /S ADE n-gram 7
L— X% N— LR CREBIFE 2 E1E 9 4. SOFEICL > TREHO ngram 7L —X
AREBEANZAN—TEETH Y, BRI A N EZHZ OB WIEEZEK TZ 5. Bloodgood b3,
n=4 @ n-gram BEIZHED  GEIRTEZ HOWBBIFEOY I 2L —Y 3 VERICE - T,
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RERET — 2 & TEERT 2, E 12T, 80% KD X TR D BLEU 2 27 (Papineni
et al. 2002) ZEW T & 72 £ L T2 % (Bloodgood and Callison-Burch 2010).

LL, 1EICHRARZEH IS, ZOFFRELERe BN 5700, FREAOT— 5 IZBECA
N=ENTVE 7L =X L HFATEY, BEEITDOEBRIZE TR LRI A NP h5
LEROND. ZD0, LEETE R CEHEOT7 L —-XDH % #EIRY 2 Tz 32805
T 5.

3.2 HEE n-gram SBEICE DK 7L —X&ERFE

HEE n-gram B 7 L — XBEIRFE TR, 31 HOGERFTELE L IR A Y, FHEE
I—XAPCTHEFREAT = I N—EN TV WHER n LTO 7L —XZ2D0 D% HE
JEIZFEIRT 5. COFHETIE, LEEOBREZITH L0 D WHEEEROBNNT n-gram 77 /3
Ly P REDLIENTEL720, FRIA NOMRRIZ & > TEVREBIFE RIS TE 5.
Bloodgood 5, N—R L % ZxRT—% ZICI2, BIMOESET— ¥ HOEHEDO RN /N—
n-gram 7 L— AZMESGEIRL, 77 bV —2 794 P RO ATRERERICL Y, Dhw
EINHGER L H ORI CR—=Z2A Y A7 4 £ ) 4 KIEICBLEU A 27 O Ex R TEz L
#i5 LT\ % (Bloodgood and Callison-Burch 2010).

7272, ZO7L—RERNFETIE, 1HTERLEIIICTL—XEDN  n=4 7% EIZHIEZ
NLH0, ERENDTL—XE ) LOEENSL VIR, A#HEEOR R 2S8R S5 HEH
HY, FLEVTL-ZARIEEFETE LV L LEMEIRE1T) ETARITH D, n=57%
ED, FNVEWILV—AREZHRET LI IR LRFERICZ S 20IEDR) D, EHIZED
7L — XM OEBE;FEE L CHRIRE R DS

4 BATL—ARRFEEBPBUAREIRF A

KEITlX, MEFETHLIMART7 L — XFIRFE L, HOHURERFTE, /72, 2o
HAEDLETEICOWTIHIAT 5.

4.1 BKXT7L—X@RFE

AREITIE, HFE n-gram HEICEO K 7 L= XLBIRFETT7 L — XROHIRIC & - THAT
%, 7V —AMOEBEME L EHET 572012, KD LFH] (Yamamoto and Church 2001;
Okanohara and Tsujii 2009) OEFRAFH L7727 L — ERFELZRET 5. WA LT
IR SCE SR T FE T A0 ESINZETH Y, BRWITIE (202 XF5
EBICEBETRSLOE, SURVWEANFINFELEWV] LW ) E % FFo 7255030 &
LTERINS. ZOMKEDLFINOERIL, LFHEEOERINIGAEF R T, BRH
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DEFINETDHIEDNTE L.
BRI ERINITRLD &9 A FEROERE N TURT 2 LN TE 5.

s1 X so& Ja, B s2 = as1fB Aocc(sy) = oce(sz) (1)

2T sy, 82, a, BIEEE 0 U LEOEENITHY, occ(-) IZLHFHOERVOBBBETH 5.
5l 21X,

p1 = “one of the preceding”, oce(pr) = 200,000
p2 = “one of the preceding claims”, oce(pa) = 200,000
p3 = “any one of the preceding claims”, oce(ps) = 190,000
DEI BT V—=APFEEFEI—NAFICHH LTG5, po=apif, a=“, B = “claims”

B IE, ThbE p i pp OFTHFEVITH Y, FERIZ py 1E ps OEBFHFEYITH 5.
p1 & po DETHFEVITH Y, T =S 2AFOHBHEEIZ DWW T oce(p1) = oce(p2) = 200,000
D) D7, (1) ICED) py <pe DY D. —T, po \& py OFGTHFEGITH 528
oce(pa) = 200,000 # 190,000 = occ(ps) THB729, py <ps Lidmebwv. K (1) TE#RKS N
BANET < BFHWT, HFEF p 2oV T p<q &hb L)% ¢ 5 p BERZEBRWTHELEL 2V
WEs, p I3 BAMSEAL, ABMTIIMBAIL—XLERZ L LTS, SBBOBITIE, pr <po
Tho720 p BWBRK7L—ATE %L, ppxq&%b L9 7% g3 p BEZBRCTIHFEL 2\
7280 py IIBAKTL—ATH A,

FEEI—/SNAFOTRTOMA 7 L — XL ILRE R FALY (Kasai, Lee, Arimura, Arikawa,
and Park 2001) & F\» CIEEFET — /S A O HFEH N 120 L CRIERERE O(N) TRIZRIIZHIZE T
RECTd 275, HBUHE % [R5 5 72D 2RO 7202 E N2 O(logN) IO SLFF ik
WEERT20, At (NlogN) [l OSLFHHEALE L 7 % (Okanohara and Tsujii 2009). %148
SN BBRKT7 L —XOHUTE 4 N -1 8T 55, HETRIEICHIZT 2720121k O(NlogN)
DI)—=FTNIT)ALEHCDLZENTEL, 122, RREFETIE, K7L —ZX0dy
YFratHaEsE L, £/, BENED 2 L0025 T 5912 LTwh. 2,
RSO —/SAHDIIE A DL GO R HEEVI2SMBUEE 1 oK 7 L — XL L
TEIRSND L ZPIET 2720TH 5.

WKT LV —ADAEANFIROMGEE L, FFRFEAT—ZITHB L T2 Wi E Ok
7 L= A% MERFEIRT 2 FEEBAT L —XERFELE LTRET 5. KIREFEIZE 220
FEDHbEEZONL. 1 DOHOMEILX, HEWICEHETLIE ) LEBO 7L — X% 1 DDt

6 AR (maximality) & 13, REFOHETH D, FIHFHEMR < LEEG S LZDTL e SIZOPVWT, o<y k&
X0 ye Sy PHFELLVEGEIL, o3 S OMATTHLELEE.
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ﬁ7v—fﬂit@iﬁ1@ﬁﬁ%&?%:&@,1%@A%ﬁ$f@%@%ﬁﬁ7v~f%
[ A N—F 25 2 ETREE 2 1), BRI A MRS X B RESIF BRI RO LA RAD 5 &
kf%é.2oﬁ®ﬂﬁﬁ,%ﬁ%&f7v—f§ﬁ4$&&t®lm§_%@éﬂé%h
R CTEALZETHD.

72721, B OBITRRIZDS, po ik ps OD—ETHY, ZHOMBBEL HV2—FI L T
B5T, %@#b“%t%ﬂk7v—ft&é EEOHEZZETAH L, 20X ) ICHBE
EREEII—F L TRl THIEFLALDLAICEBEL THERT L2 7L —X3METH 2 L8
%itw#,?«T@@ﬁ7V—X%%®ii%ﬁ@ﬁkTé%ﬁfii@%ﬂb%f&w%
EhdbH. 22T, N1) OHENT A5 N TRMLT, L)L PIEEERE T
DL IHITERT S,

s1 E s2 < Ja, B s =as18 AN oce(s1) < oce(sa) (2)

ZZT, Aioﬁ%1®ﬁ®%ﬁﬁ%mé.:®%ﬁ 2 FAGEBA I OEANE %
WHETH ), #@EOMAKT L —X (LT, %ﬁ@k7v—xt¢é)t[%¢étm»@k7
L—XEMERZEICL, COXI) EEMERES 7L — X255 L, £HN—7 L — X% HEEE
BN 2 T MEBAT L — BIRFFEE LTI TIRET 5.

MBERT L= XERFHEDONRTA—F N % 1 LD/NSLHEETAHIET, 2200FHBET
TV —ADO—H5EM02MYEE, aPT2MBMELHETLL91005. BHRELGAELLT
A=1—eD& X IEHEHRK 7 L — LEIRFFELFE—THD (e (ZIEDOHME), \=0D& X
IS T ) T a yERITbR, XOEURTEE 2 4. WE ORI S A WAL T E S I Rek
%%@LT,$ﬁnfi%;¢%@@&&%A:Q5%ﬁwt%®%@%@®$ﬁbﬁﬁﬁﬁ
WTWwW5,

A< 1TIZBT S MBAT L— AL, FIEEBRAK T L—A0&rmizd 720, HEiEa—/3
Z¢@xﬁk7v—1®@%i TRTOFHEBAK T L — X0 ST L v, BEEmRK 7
L — X% O(N) BRI CHIZETRETd A T L AXBICHRRTl ) ThHh B4, T AUTERFEESN
m%&%%ﬁ*®W%/—b%ttb&#%ﬂéfé OB, BRKT7L—X p ITHIBT S

= Frotfe /) — FEzloTwnE, Whd ML — FO7 L —X py 25 X-oce(pr) < oce(p)
f%éwngnix@k7v—f@“#%ﬁté&wtb@%féé.%Eﬁ*@#&f@ﬂ
= FIiZoWnT, 2OX) BRI EITH ZET, BV EN o727 L—XE M BAKTH D
B4 N—1EONE — Ik L, O(logN) HOCFH T HBUHE 1T\, R/ —F
MBI D ST METULEL A 4T 2 1E O(NlogN) BIOLFHI KT AARAK 7 L — X &2F|EETE 5. &
7z, MK 7 L — X LRI, MBRKT7 L —X & ZoHBUEIX, O(NlogN) Fii CHEEENE
IZHIZETRETH 5.
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4.2 BWABYRERFE

KREITIE 4.1 BICIBRARZFREFLE L EHNS, HEFET — /S 2 OMREEMATERICEC 7 L —
RERFELRFET L. AFETIE, M2 1R L), #EBEME 22 HE50Ha— /3204
LR ARSI TR L, HOoNTMIROEMGRE/ZE) 2h 6 7L — A x Kz I,
FORIZT V= AEMEIAICEIRT L. 2L, RKEFZEVDL L)% 7L — @RI TH
Nz, HEEEDS IS NS X9 ZRBEIZEES T, BRSNDL 7L — X3 LWIcE L
FoEREFEOLEZONS. RIFFETILBERIRE NG 7 L — XD BEEIFERZICE 2 2 7%
OFFEEHNET 5720, MOFFELEHKLLTWE ) I IARE 7 L — XHH O AT
BY, TOLORLLEEDTIARTH > THHFEVA—HL TV L5 EIZER—DbDE L
ThHY Y T 5.

RFFETERNSNFRBERHO 7 L — XL, HREEREH R Wb FFE L T, AFH
REATHIBRZERT, FLBEMEERTCOHEOEVIERT— R oN5 5D L HIFFTE 5.

n-gram BEERARK 7 L — X OBIRFLETIE, FREWZHGEV 22 BT 5728, “two methods
are proposed” &\ T L —=ANH b L, TO—FTHDH “are proposed” bR 5 D5,
W UARIZEED A, 2 (b) 127”9 & 9 I “are proposed and discussed” D—#HETH % “are
proposed” 1A% 72055 72OIZHEIZMZ e\, SO0, BEXIRIZED 7L — X%
RFFETIE, 70— XAOBEEMBOF I L 2 KB LT XD b/ KR 2EABH Y,
WERE LT 2HEBUELS 25 7L — X% BIRT LELNEM L D) 30,

COFETIR, EMIRO T L — XA BT B0, HiE n-gram HEIZHES 7L —X
BIRFLE L FERIC, 7L — XOEMIZ L0 BMEERS 72 ) OREBIFE R FICERE Y RI3T
TR H B, o T, A1 TRELNMBR 7 L—XEHTAZ LT, EHRANY KX,
HEIRT L7 L =A%) ALTFTELFERICRET 2 O-BABIEXAERFERE).

I
CD NNS VBP VBN VBZ VBN CC VBN

I I I I - .
two methods are proposed are proposed and discussed
>
(a) “are proposed” WAV FENB (b) “are proposed” 1717~ M T NxWH

2 HERICEILSFEFZEDO T L —XH Y bt
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5.1 FEERERTE

AFEICRE L7 L — XBEIRFED, BMFEO00ORBFHICED L) B r2 5.2 50
AT L7720, AWFETIILT, BRIZT7 L—AORFEZEBIML CHRETVEENT A
Ra2alb—arvERTERL, F£AT7 v 7B AHFTHREOIEEHNiZ~ 1T - 72, RFEERTIX
G RE e R AT AR 2RI T RE 2 SRR RS REE L, HIWSREIZIZ 7 7 v AL HARE % %
WL7z, iR = AP HFELZVIREL SREIFEZH WL 2 EDWRETH LD, L1
BEMARTEZZEL, —BKOEOMRIT = NADFEIEL TV HIREIZ, FM5E o8
=82 b 7 L= A2 @R L, BRE7TIVoRRELE BIES. FARIRRIZIE, WMT20147 0
BIIRY 27 THW S N7 BN ES SO Europarl 7 —/3A% (Koehn 2005) # X—A & L, [&
IR 2 7 THWwWHN /27— D9 EMEAY (Tiedemann 2009), PatTR!® (Wischle and
Riezler 2012), Wikipedia # 4 MV Z &b CHEMIT— YA L L7z, EHFFRIZIEZ, HENZ
%a%i%fﬁ%rW TN—=TF B BB T — F M A NR—ZADOMRIT =32 L L, B OME

JCICHi i & 7172 ASPEC!? (Nakazawa, Yaguchi, Uchimoto, Utiyama, Sumita, Kurohashi, and

Isahara 2016) ZBIIORRIT —/3 2 & LTHW 2, Bl E LT, HAEI -/ XADOHGESEH
213 KyTea(Neubig, Nakata, and Mori 2011) Z i\ CTB Y, WHEEFNT & HEET 4 A~ b
?EZEO)*HFF%%1%¢Z) 729, FERAMRI—XAD )L, HEEED 60 2 2 5 LORFRITIY
Bz, FBHLEZRORRT - ONREER1IZEF LD 5.

REFFTIE, BRI T =5 OBEMEETVOHFEE I LOD, FATv T T17TL—
X0 2D TIEEATT7 L — XL & 2 FRER 3R T O % BN 7 Bl TR ©
EWVEHIT L2720, A7y THOENMT7 L — ZEERAUTEVTTE L L7218,

(3)

#additional_phrases — {#accmulatedaddltlonalphrasesJ +1

10

RROPAM AT, 7 b — XX — ZHEIER (Koehn, Och, and Marcu 2003) % F\V>, Moses
v — )V ¥ v M4(Koehn, Hoang, Birch, Callison-Burch, Federico, Bertoldi, Cowan, Shen, Moran,
Zens, Dyer, Bojar, Constantin, and Herbst 2007) ZfJH L THIFRE TV OFEE LTI — F 21T
7z 2Rl ARONREEMLCHET 74 2 AV POFFEEBLO 7L - X7 — 7 IVOF

7 http://statmt.org/wmt14/
8 http://www.statmt.org/europarl/
9 http://opus.lingfil.uu.se/EMEA.php
10 http://www.cl.uni-heidelberg.de/statnlpgroup/pattr/
I http://eijiro.jp
12 http://lotus.kuee kyoto-u.ac.jp/ASPEC/
B fle LT, BmEh/RE7 L — ABIIREFEEME» S 0, 1,2, -+, 9, 10, 12, 14, -+, 20, 23, -+ ¥ Z{LT 2.
14 http://www.statmt.org/moses
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=@, Neubig, Paul, & FEER— BTN L IETURM £ B L - MBIRO 722 0 OREBF B F ik

® 1 HRT— 207 =5 NI (BRET 3 H#7)

=i SR F—Fty b CE HEERL
1.89 M X
—fi% (R—2R) Train En: 47.6 M Hiik
Fr: 49.4 M H7
En-Fr 15.5 M 3¢
Train En: 393 M HEE
i GE) Fr: 418 M HiZ%
Test 1,000 XX
Dev 500 3L
414 k 3¢
—fg (RX—2R) Train En: 6.72 M H3E
Ja: 9.69 M HiGE
En-Ja 1.87 M X
Train En: 46.4 M H:E
FeEamsr Gan) Ja: 57.6 M Hizh
Test 1,790 3C
Dev 1,790 X

BEEEFT) ICIEEIE I A FDIRFICRE V. 20720, HEET 54 ¥ 4 ¥ MZiE GIZA++(Och
and Ney 2003) & BRFFNIHIL & ¥ 72 inc-giza-pp® * HWTB Y, FERET IV OFE 21X Moses
® MMSAPT(Memory-mapped Dynamic Suffix Array Phrase Tables (Germann 2014)) #5E % 1]
ALT, 7L—XMbEiThb T IR L2827 L — X7 — T VORELITo 72
BTNV OFE|ZIE KenLM (Heafield 2011) # H\WC, R—Z2 32—/ 2 LBEflla—/S 2 D4
FEHT—=H5 n=>50 n-gram STV FE L7z, 73— FEEO/NRT X —FFHEIZIE
MERT (Och 2003) & 27225, 7 L — XBIO B HE#E{L %179 OILRFRIICBIFEN TR Wiz
B, N—=A2—=/NAELTHEE LLFRESIVISH LT, @&ina—"AHoRET—4% 12y b
THBIFHIR O BLEU A 27 (Papineni et al. 2002) 2K & 7% % L 9 FBH 21T\, 2Ok
IRT X =% Z[EE LREIFE 2 1To 72, BEIFEICHWS 7 L — DEIRFEIIERFE L3
EFEEED, UTOXHIZ82ODF AT ZFGELT.
X DEIR (sent-rand):

BN —/RADNEFE % > v v 7 )V L, NHGKER
7L —XDEIR (4gram-rand):

N=AT=NAPZFEIN BN =S APORGEH 4 PITO 7 L — X2 5%

Tx v 7L, MERER

15 https://github.com/akivajp/inc-giza-pp/
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4-gram $EE (CE D { 3GER (sent-by-4gram-freq):
FIRRBAT— 7 IZEENT, B4 DT TREHED 7 L — X & E 4R NERER (R—
A54 v, 318
4-gram SEE(CE D 7L — &R (4gram-freq):
FREHT =5 ICEENT, BB A UT CREHED 7 L — X & AKER (R—2F
1, 3.2H)
FEBK T L — BIRFE (maxsubst-freq):
HERBAT =7 I2EENT, BT — /R AP CREHEOFEEMRA 7 L — X % HKER
(JRFETFE, 4.18)
MBK T L — X FEIRFE (reduced-maxsubst-freq):
BIIREAT =5 12&FTNT, BN —SAPTREFHEZED MERK7 L —X (A =05) &
NHUGEIR (GRAETE, 4.1 5i)
BN ARREIRFIE (struct-freq):
BN — X A DRFEEFAAE R ZTCIS, MOARERT L %7 L — XDH2 S5EIFRE A
T—=FIZEENTREHED D O ZNEKEN GERFE, 4.2H)
MBREMENAREIRFE (reduced-struct-freq):
BN T — S 2 OREERHTAE R ZICIS, A RERT L9 % K7 I/—XW)EP# 5%
TFEAT— 5 ICE TNV ﬁﬁ@%@%ﬁ&LM(%$$& 4.1 55, 4.2 f)
FNENOFETEINEN 7 L= ADERREEDL 2012, LOFER| ﬁtfiﬂﬁ#é
MR EZDOFE FHEIR, 71— XOFBPUS L TENR—RA T =32 LBEINT— /X ADEL %
WCHFEHLBRETVEL F 7V E LT, FIFEREIR7 L —XE Lz BURIZES |
FHTIE, AT 21T 9 72912 Ckylark!® (Oda, Neubig, Sakti, Toda, and Nakamura 2015)
ZfER L7217, maxsubst-freq X reduced-maxsubst-freq TIZHIRBEE 1 DD D ZH Y R 2 &
% 41Tl A, XEEEHVT L XOMBMHE 2R MO TOFHEICB VT &N
R A0, MBEE 107 L — XLk L728,

5.2 EEBRER
BEBN S ERIRDISE : 32— a vERICLDVELNERENS, BINEELL, 14
HEEEINE, 10 THEEEMER, 100 JHERBMER, &7 L — XEMEESICBT 5 8T

16 https://github. com/odashl/Ckylark
17 REBRTIIEI GO T — /812 L“C/j%l_ﬁJrTﬁ%ﬁott&b B E D% CAIERITE 7 Vi ICE
iﬂfb\&b\f)\ Ckylark (ZHFEOIEOH 6 RAFHFICK L THM OO 2 HEETE 5720, R TIERIE %
ZX DENT O KRN SRR L T,
18 Vﬁ*ﬂﬁ L0, HEL1OT7L—XEGOEBELIYRCIZHEDT L — AR LB L, HE10RR2
TL—=XIHE 2 U EO 7L —A0%ME0 E, maxsubst-freq 7 & Tl 10 L EFIZE S 2. ChoE 1 07
L= XEEHHEREZEAL, Ly INOEESIEFITNS VORI L TEREZITH) 2L L L
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=/, Neubig, Paul, 7} MEN—BMECIHENTRMEEER U MR O - DREEBFBEF &

O BLEU A2 7 OREZFK 2 ITRT. &7 L—XBENMERTORITIE, FFETERRSN
)57 L—ADEMNHRERCTFE LIFHTHEETH 720, KEFEOMRRTEEZZ 6N
A3, BINS NS HEEBKE (R L7-0MMBIFETR L V) BUA TIIHEAMEATE v,

CORNPL, 2O0HURFEL 20O NR—AF 4 YRR EHE L7206, 10 7 HEEENE %
F TIX%E L T 4gram-freq TOFEOMODNE L, LR TE LS EHEDO 7L - XD Hh %
BIRT HZ LI L BRE AR TE S, 72720, BALRIFRIZEB T 5 100 J7 HFEE I ST,
4gram-freq D A I 7 7’ sent-by-dgram-freq & FEl>THB Y, 72, MEEMICBITLE7 L —
ZIBNEE B Cld 4gram-freq @ & 3 7 7 sent-by-4gram-freq X sent-rand % N[> TW 5 Z &7
5, —EmL EOHEKEZ BT A%E1213 4gram-freq TIESGERINTFH: & 1) BB E 2 E MK
TL, MREERALEL W E2Yrh b, 2L, 32 THRR/2L 912, 4gram-freq TId#E
RENL TV - ADRKEVFARFELTICHIRSNTED, LVEVTL X3S 58 T
ERWVWIEDPHRT 2 ETAMTHL720EEZEROEND.

WIZ, MEFHEEXR—ATA Y FELEOLEAIT) . RETFHEOHTIL, reduced-maxsubst-

£ 2 HFFEICBITS BLEU A2 7O (100 JHFEBINER F TOLREICBWTTRIEEIRFZE
ER—ZA5 4 VFEOFTAITIRRTHALZIEERL, TORAaT7% ERAREFEORAIT %
K=V FETRS. 72, E@FETAITRAD O DIIZERE + 2L L72.)

SEN | TL-ZBRTE L __ HWAIEBYS BLEU 237 (%] .
B2 L | 1 DEEEEM 10 THEEEN 100 THEEEEN | 47 L — X6

sent-rand 25.57 25.72 27.35 30.02
4gram-rand 25.53 25.52 27.16 28.32
sent-by-4gram-freq 25.55 26.12 27.93 30.69

o Fr 4gram-freq 95.39 25.61 26.16 27.89 28.75
maxsubst-freq 25.55 25.84 27.49 29.60
reduced-maxsubst-freq 25.63 26.10 27.91 29.81
struct-freq 25.85 26.86 29.06 30.03
reduced-struct-freq t 26.08 t27.18 1 29.40 30.20
sent-rand 10.44 13.03 15.58 21.22
4gram-rand 10.57 13.37 17.61 19.71
sent-by-4gram-freq 11.14 14.49 17.66 21.06
4gram-freq 11.49 15.07 18.27 19.74

En-Ja 9.37
maxsubst-freq 11.72 15.13 18.58 19.88
reduced-maxsubst-freq 11.87 t15.72 18.71 19.59
struct-freq 12.02 15.44 18.61 19.97
reduced-struct-freq t12.27 15.66 1 18.91 19.83

19 FEHFFRZ BT 5 X—=A L A7 5@ BLEU 2272810 & FIA SRl 5 56 L T %25, B8 o3 RD i 12
BNRELTWE72OTH L. BT (Haffari et al. 2009; Bloodgood and Callison-Burch 2010; Ananthakrishnan
et al. 2010a; Ananthakrishnan, Prasad, Stallard, and Natarajan 2010b) 2B\ T, JFRAEDIRED 5 REH)
L o THB IS T ABICHE L T BLEU 237 #HWTw b 720, ABETH RO %217 - 72.
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freq |¥ maxsubst-freq £ D IFITFHICHA I T TH Y, reduced-struct-freq 1% struct-freq &£ 0 12
EFICEATT THorz720, MERKEEXFHLTEWT L— X% @BET52 LT, #HRMIZ
DR VEEEHTAHANL y YPAELIZEEZ NS, ZOO, MBEREZFIHT 2 2 20f
RFHEL2DOOR=ZAT A4 Y FRED, LD %i#ﬂi&ktﬁi%ﬁwf:w.

3ICHE, TNENOFEHA T 10 HHFEE TEIML %6 & 100 HHFEE TEIML 2546
BIMHEEREFFREEOLEILERT. T2, N—=2a2— A LB —SADERNRT—5 %
HWTEE - FHiiL7zAa7 247 7 v Aa7 e LT, Ao 100 THEEME THT T 712
PR

reduced-maxsubst-freq 1%, EHEFRTIINRN=AF A4 VFELI DI LEL THVWAIT THo72
3, WALFHERTIZ 100 J7 HEEEINEE ST E T dgram-freq E ZIZFBEEO A I T o720 72721,

S lZBVWTE 7 L — KB TO A 3 714 4gram-freq X° 4gram-rand % K Z < E[A[>

275 BLEU Score vs. #Additional Words (En-Fr) BLEU Score vs. #Additional Words (En-Fr)
T sentbydgramfreq | ¢ i | R,
—— 4gram-freq |
reduced-maxsubst-freq
reduced-struct-freq

29
3 3
g g
o 2 28t
o o
O O
(2] )
o} o}
4 ot
z 27t

sent-by-4gram-freq
— 4gram-freq
== reduced-maxsubst-freq|
— reduced-struct-freq

= (Oracle Score = 30.28)

26

25 1 1 1 1 2( 1 1 n 1
%k 20k 40k 60k 80k 100k Ok 200k 400k 600k 800k 1000k
#Additional Words [Source Words] #Additional Words [Source Words]
16 BLEU Score vs. #Additional Words (En-Ja) BLEU Score vs. #Additional Words (En-Ja)
T T T T 5ol T T T T
15
20f
14
g s 8
[} (9]
< 13 fus
3 3 16}
[} [0}
z z
12| p
@ @ 1412V : :
- - sent-by-4gram-freq
11}, \.,".' ........ - - sent-by-4gram-freq 1 i —— 4gram-freq
’ — 4gram-freq 12 == reduced-maxsubst-freq|]
== reduced-maxsubst-freq — reduced-struct-freq
10 — reduced-struct-freq 1 10f : = (Oracle Score = 21.59)| |
0ok 20k 40k 60k 80k 100k 0k 200k 400k 600k 800k 1000k

#Additional Words [Source Words] #Additional Words [Source Words]

X 3 EMHEFEKSH/-Y O BLEU 227 (k10 FHET TEMOELEER, A5 100 THEET T
BIMOIALFIR, AT 10 THIEE THEIOIEHEIR, AT 100 JTHGEF TEINO I HER)
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=/, Neubig, Paul, 7} MEN—BMECIHENTRMEEER U MR O - DREEBFBEF &

TV 72OMREBRFUIE , EFETIIRBD L) LHm K7 L — XEHIBROMEHFELE L 2w
CENREGEREEZ OGNS, 72, FALFIRIZ B\ T reduced-maxsubst-freq & 4gram-freq
TREGEPAON o7 HRE LT, MPETHERSINEHE 7L X521,
FEAHEENE IS “according to claim” (1,502,455 [A]), “claim 17 (1,133,243 [A]), “characterized in
that” (858,404 [A]) 7 L& @D 7 L — AAEIRENTHBY, 1EHTHENZZL ) %, 7L —XH
DEBIIHTVHEALTBLT, WHIEOWHFILO A HIL > Tz, EEOEHE S 4-gram
7L — A0 EOFGHEET AL AT H V) REIL, BICEEHED n> 4 BEPLRLE
WRAN=T L —=ZAPHBT 256 THY), RERTHWZERECE I — S ATOEHED R
W7 L=, BMREREZH T EA TR LW O —B5 B O KRB T — S 2 d | ZBEIC
EENTOLIEABEREEZSNL, 75, FEBATIZ, dgram-freq TER S N EHIE 7
L — Xt “results suggest that” (6,352 [8]), “these results suggest” (5,115 [8]), “these results
suggest that” (4,791 1) ZRED X H 1L OEHEN A S5, reduced-maxsubst-freq TlE, &
IV T L —XE 12T EDOLNLTENREVEEZ ONL. FRIZ, EHFRTHW
— W E D 3 — /X AUFFR 40 T E BN TH ), HEEHZ T L O DTHLH720OK
WIL—=REHFENIN—ENTO o el b DEBELH LS.

reduced-struct-freq (¥, MSEFENICBVWTIIITLZEL TRHBAIT DT L — LEIRFHETH -
7z FEHFEFRIZBIT A 10 JTHGEBINRE O &K, reduced-maxsubst-freq DS\ AKA I T & 72> T
LPMEETH Y, FHIMBORNMED KXW OBREDOHFTHA )20, FRICHALFIRY I =
L—3 a VERTIE, wD 5 reduced-struct-freq X struct-freq TORBEDOMHUNRE L, o
FHELY SRHEIRE S ERIY, 100 HHEFEEMEEA T ZIILALHE S b o7z, —T
T, FEHFROBIMEFERDA 7\ ) X reduced-maxsubst-freq X 4gram-freq & H F 1) K&
GAFRON o 7220%, K4 TTHFEEBMEES» SMOFFE L) SBEPE Z-oTEY, #
50 J7 HER BN 5137 L — XERFHEORES TR E WV & ko 7.

BEREINATL—-XROMER : FEBICEHFRGRO 7 L — XEIREENS R 5720, 71—
X EHIBEO A HERLEEOHIR T EDENIZL > T, FFTR2E20RL LAEGEO 7L — XK
FICRELENMD ZLI2R D, 7L —ZTHEIIHEDCENENOFTEIZ L - TERS NS 7
L — XD Z RS 720, BEERZ 2 CGEMLEZ 72REB X O 1 THEEOABML 72
B Co7L— 2%, HEEH, FH 7L - AREER3ICELDL. TR L FR L& 725
HTHNLy THNORS 5720, FFRAROEFELD DR IEENNL y TOYOEAHEC, #
FHENH LT WEEZONL. —F, —EIENT 2 7L —XFRWIEE, FRICHEK
D n-gram & H/N—=T& 5720, FHTL - AENRKEWVITIE 4gram /XL v VR m E S

07— 2Ty T - YY) YT (Koehn 2004) TRERTIWEBEZEZMEL/E IS, p< 01 DEEILEDS
Nkhroiz
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R 3 FEITLITERSNG 7L — AWR HRHET 3 H1)

SEH | 7L ARRT A i 1R
TL—AH HER FHIL-XE | 7L FHIL-XE

sent-by-4gram-freq 10.6 M 269 M 25.4 310 32.1
4gram-freq 40.1 M 134 M 3.34 3.62 k 2.76

En.Fr maxsubst-freq 62.4 M 331 M 5.30 2.39 k 4.17
reduced-maxsubst-freq 45.9 M 246 M 5.36 2.95 k 3.39
struct-freq 14.1 M 94.2 M 6.68 4.01 k 2.49
reduced-struct-freq 7.33 M 41.3 M 5.63 4.55 k 2.20
sent-by-4gram-freq 1.28 M 33.6 M 26.3 560 17.8
4gram-freq 8.48 M 26.0 M 3.07 4.70 k 2.13

En-Ja maxsubst-freq 7.29 M 25.8 M 3.54 4.51 k 2.22
reduced-maxsubst-freq 6.06 M 21.7 M 3.58 4.76 k 2.10
struct-freq 1.45 M 4.85 M 3.34 6.64 k 1.51
reduced-struct-freq 1.10 M 3.33 M 3.03 6.73 k 1.49

5 ECTHMEZEZ ONDL, REFEICL > CERS N7 L —XDFH 7 L — AR HFIR
T 3.03~3.58 HLik, FALFIERT 5.30~6.68 Hik & K& CEMFFH VTV S A, ZHIESHE MO
N=2 2= /RALBIT =S ADAEDLEORIMKGE L TBY), HISHEICIELRKE L %
W F e R3OT L= RABEHEIZEDSLS FHEICBWT, £7 L XBENEEOFE 7 L - XKI2
B, 1 FHEEBIEOTPE 7L — XERE W L2 ERTE L, Av7 L — X LB L
) R d L EANGEIREN D 720 8KTH 525, HEURICED  FEETIE 1 HHFEBINEE &
DFE T L= ZEPBIGNE L o TBY, BT L — XOBEIKIFIZTA) 23 [
BRLNG.

HINLy VDR F72, ZFFHEIL-5T, BIRBEADOT— 8 PEBICHET— 5 & L O
FEAN=LTCWEDeHETH. HEFHETTIL—R%2 12T OBRL TV E, BINIHEER) 1
i, 105, 100 HIZENEIES 2R TOFHIT— & O 1-gram #1/35L v ¥ 3 L U 4-gram 713
Ly PaFLIZTEDD. ZOREDND, reduced-struct-freq TIXEDHET O R D 1-gram 7
INLy PEELTWD ZED50 0, IFRIICRHMGEN I N—E A T 127 5. struct-freq
%, reduced-struct-freq [2BVTC, MOFF LY b EW lgram HNLy P EESLNHEBE L
T, 428 TR X ) IR IS 7L — ABINTHETIE, REMZHEFEY O R
MTIEA % FEOSROMEELR 23 7L — A& LCHBBERZ B2 FITA 720, 2 HEEDL
ES4b 7L — AOBEITRE KT L, BENICEEEDRY /N— lgram & ERL7-Z
EDRBENRREVEEZONL, —HT, dgram I NLy VICBLTIE, 3HFEUTO 7L —
ZaBIMLTHELBEPE WD, BWT7L—X28MT 25056 THAZ LIZW 5D
T 1), sent-by-dgram-freq THe b RIZAIZM AR SN 2. FALFIERTIE, 1 77 BEEB Nk R
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=j#, Neubig, Paul,

T d-gram BNV v O FARICEALDB RSN h o7z,
FWTL—X% @ADL, ALY IO
MERMENCFENTERE LIRS Z &1

7L — X B EED,
FALRAAE U %78,

MABEN—BMECFTREZER L 1 H

ANy VR L CHESESNDE Z EFERTE .

gk & h 7z
B % dal o #Ro BLEE
KERFEERFE L7
HERE
DEWT L —XIZHE

#5

B 3.2HITIX, 4gram-freq OMFEE LT,
B\ NC & &2, OB 5720
|2, 4gram-freq T 1 J7HEEREINEf, 10 JJHGE

BINE A O&LESTEIREI N7 L — A,

ZDXHIZ,

EZ 988
o

ERD 7= DEE

w2 DRI

FEFE

7L — X EIREFICEW
FL—=F+7D
2L o, l-gram #/NL v ¥ & 4-gram

FBIRENE 7L —AMTEHELT

BN

CA1EITABAT L —
%, 100 5

maxsubst-freq X reduced-maxsubst-freq T &

a4 ETV-XERFEFANL Y DICH 2 588 MEESMEANERA), R FkiX
RGBS HCOANL v VKA R
- N . 1-gram/4-gram 71/3L v ¥ (%)
e TR B T
sent-rand 92.93/10.60  93.73/10.71  95.94/11.30
4gram-rand 92.95/10.60  93.99/10.60  96.42/10.64
sent-by-dgram-freq 92.95/10.60 93.96/10.72 96.25/11.55
gy | dsram-freq 92.72/10.60 92.92/10.60  94.46/10.66  96.60/11.16
maxsubst-freq 92.79/10.60  93.61/10.62  95.99/10.92
reduced-maxsubst-freq 92.92/10.60  94.38/10.66  96.55/11.13
struct-freq 93.63/10.60  96.15/10.65  97.84/11.28
reduced-struct-freq 94.02/10.60 96.38 /10.69 98.00/11.38
sent-rand 94.81/5.63  95.99/6.59  97.54/10.06
4gram-rand 94.80/5.38 96.10/5.46 97.67/5.98
sent-by-4gram-freq 95.10/5.84 96.28/7.23  97.64/11.39
En-Ja 4gram-freq 94.36/5.38 95.64/5.97 96.87/7.14  97.97/10.43
maxsubst-freq 95.59/5.96 96.83/7.07  97.91/10.20
reduced-maxsubst-freq 95.73/6.00 96.97/7.19 98.00/10.57
struct-freq 96.60/5.44 97.80/5.79 98.58/7.02
reduced-struct-freq 96.64/5.44  97.84/5.80 98.61/7.14
+ 5 dgram-freq CEHE L GEIREN D 7 L — XORMEFFIZ L S HlHE
Sannt | 51— RN ﬁﬂfﬁéﬂfg%éégﬁ (H &5
lﬁimkm 10 HHEREI 100 J5 H BN
oy | mASUDst-freq 2 (0.92%) 2,077 (2.11%) 34,917 (3.49%)
reduced-maxsubst-freq 5,079 (50.79%) 42,622 (42.62%) 378,938 (37.89%)
En Ja maxsubst-freq 138 (1.38%) 686 (1.61%) 41,046 (4.10%)
reduced-maxsubst-freq | 2,560 (25.6%) 24,697 (24.70%) 24,697 (24.70%)
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L IHFIFRIZB VT, maxsubst-freq TIE 1% 025 A% OV E O HFER L 2HIK T E T v
75, ZAUTALEICTHRARIZ L H 12, BEMA T L — X CIZAEBRICH S 7 L — XD HBUEEA
TE—HT LI LIPS 2720, L DTL—APBRTL— XL kofzZ LIl
W3 5. —7, MEHEMIIBWT, reduced—maxsubst—freq TIE 24.70% 0L L, &K T 50.79% D
HENHIREN, ZoORE»S L, 7V —A0BBEEO—HELM2E0 52 LT, Aa&gs
N72T V=X MR E D EKHIMT A2 ENTEDLEFERLEL).

6 AFBIEREER
6.1 FEERETE
oy 32— 3 VEBRTHESNIEEN, HEOAFHTIC L 2B¥E %179 BIC

bEMEZTRA DD E ) EMET H720, IR 2 U TR 2L, 2hild -
“Cfgr SNTRER T W THERTEE L OIBGEHIiZ 1T 72, FF12, BIERIZZE L 72 FEER R %,

5 N5 51O BAE EERF BB E OR R 2 T 2 L TEETH .

ANTFHEROWIREAT ) 720, AR &) BEE L —H—A ¥ ¥ =T 2 4 A% FH> Web
R=UfE L7z, IR RO 7L —ZDHFERENTOHARPEETH - 720 £ < Ok A
VB 2 BTREMED B 5 72, Bloodgood H DFEERT: (Bloodgood and Callison-Burch 2010)

WP, BERBEMO 7L — X2 80 L) X EFR L CTUREHES I L2 BT, "4 b
ENTV—AOHREFRT AL H)KEL:. 7L — X2 GG UIBHAFTE LS55, RIER
TIEHHEAMICR D ENLERIRL TER L. &7 L — XOFRERICIE, #EREDZ ORI
ICEDRRERREZ FFC A0 L) TEI 2 BEEZ 3 B TRl 5 & 9 fF TIRIEL 72 #)
REED G ERFMIZE 6 (I L -FNFWERET A NI 4 2 3EMEL L, IR C BT
fins 1 DFEDHR, FROAF v TR L7z, 72, MIREBERMSZER ST O R %G
S5 E TORMOREFbIT- 72

S
Phrase to be translated:

The morphologies using scanning electron
microscopy ( SEM ) were studied .

Translation input form:

| EERETHE (SEM)

Confidence level:
@ 3: sure about the translation
(O 2: not so sure about the translation
(O 1:notsure at all

AN J

M4 AFHFRZ—YF A5 —T2AAADA A=
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x®6 WMFIEETA T

PESETFNE -

1. [Phrase to be translated | OIHHICERENTNERELD ) B, BBLNAS T4 MRRS N AEAICHET 3 BAER % [ Translation |
DFERANIAT o LEEDNA T4 P ENTVLEGEIILEERERRT 50 FFEL Web 4 P OFHAE EEHNTS Lv,

2. A L7z HAGEFRIZH 2 HIEE % [Confidence ] IZFTRENT VS 3 BEBEASBIR, BIROH%LZ L LTEIARTA BT 4 » OEERIOIE
B = e i

3. [Submit] K% ¥ & L CTHIFRNA % %5, 1EL 55 S N728E121E [Workspace] OFIBIKOBRERMAZR SN D, HARGERDS
KEATHo72), HEELZERL TV RWHEILIZL T —DFRENLDOT, BARNL E2HERTHI Lo

4. 3. CHAFERDIEFICREIND L 74— 20T :C%’Li’(é}]nﬁ’i’ﬁot (BEREM D) HFEHR 7 L — ARD TR END O THERT 5o
FFRE RO HEEHAETH DT 3 THE a (99 BEBLUT) IX%2 LFRY A7 O T Th b, #T5RMEm7:3 & HEIMYIZ Workspace
DANT +—LDHZ B B &9 E3ITHFRICIE, %&VXEZX. SNB720. a l3BOTEHTHS,)

TR

* Lol FIFUEE R RET 28807 — 51, RIS OME L TSRS T 5720, BHEEmBRoOTMHEEYNS CMBIL 3. 4%
KIS L CRERA v 74 VIR EEHWCTHWCHED ) A,

* PR L MEOHED S, WEOBERFHARTHEVIEEELH ) £3, 728 218, EETZEHETELN TV LI HARGECTREBIED i)
HIk72o7-0) . FFED [wel X [this paper] S HARGFETIINEINLWHPBERTH o720 LT, BELIFTHEIID D THADS EEH]
¥ BHFICHAETHKRIC A 2 £ ) ICFRICHIE L“C< 7EE W,

*JERINCAARFEREREAOT TRET A LIITE AL, HEFET [1: not sure at all] % 3 ?NLf Bankh, iRz R ADE
FEELTCROFMRELT) ZLNTEE T, EDL) LHAEIT 1 2 A ETREDIIMEECGOHEASEICLTT SV,

PESER)

BIER3TH  In addition, the critical current was estimated from magnetization measurements .

BRI £ 70, REALE 2 S BRI % HEE L 7o

BIEED&IRG] : [3: sure about the translation] %R (HPIHFEIZL VoKL L CHIBERWEE 2 72720)

BRI K : The wind velocity can be measured with the accuracy of 1 m/s , and the wind direction with 10Awithout influence of the
running direction of the car.

WAL CHES NS

BIEE D&RGI : [2: not so sure about the translation] % HEH GEIRIEZHEL < WS, P AAE TN T4 PSINTwd7z0, FRL
12K

BIERIT R : Sucrose , glucose and fructose were identified by high performance liquid chromatography ( HPLC ) .

BIERGI - 70~ N5 7 4 — (HPLC

BIEED&RHG] © [2: not so sure about the translation] % #IR (—IGEIERL 7245, WIEMOBF OABEENTE ). FBEEHEO—H
DRFRENTNDB 720, N T4 MEGOARORRIZEI DD 5 .)

BIER3 & : Crude-peroxidase was prepared from madake ( Phyllastachys bambusoides Sieb . et Zucc . ) bamboo shoots .

BHERP - . et Zucc

BIEEDEIRF] : [1: not sure at all] %I ([Phyllostachys bambusoides Sieb. et Zucc.] T [% %7 | DL TH LA, —H#721F 2 HIR
T 5OFHEIHEL 2o, EEICHIRE L)

HEGEFIC W2 7 L — ZBIR T, N=2AF 4 & LTHERTED n = 41281 2 HiE
n-gram BHEE 2D < SGEIRFE (sent-by-dgram-freq) 3 & OVHLEE n-gram IO 7L —
RGBT (dgram-freq) D 2 0%, R/ETFFEE LT, HIfioT I 2L —2 3 VERTRIEVRE
BB E 2 R L 72 MR SUAREIRT 1 (reduced-struct-freq) % F V> T HEGHI % 17 -

WHRIEEZ T oD HMOFRE 3 HTHY), TNLENOFET1I HHEUEO T L —
KK T HHABEOND L9 EFEETo 72, FRBHORDRFMOMR D 12 L 5882/
ST 2720, BRIELZLZTEIPS 7L — A2 8K L TH LT ROFERZIT- 72,

FEERIZHW2 T =7 Ry — )i, BHEIROY I 21— 3 VEBRTHWZL DO LFE—TH
% (5. L2aL, AFRICK o TIRE L7207 — 213, X=A T AT ADFFITH N
MRT— & W LTI TH ), Binsniz7 L — X35 2 5B 0IEFITNE
o TCLEIWTRUEDSH L7290, 7L —AREZBIMT LEIZ, R—ZAY AT LADOMRT—%
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ENE L 723BIN7 — & TEBNIZ 5-gram BabET7 NV EFEH L, BHEHT -7ty MIBIT4H/3—
TLX T T4 0HRANE %D X9 SRILM (Stolcke 2002) % FvyC =& & M C AR L THW
7221,

6.2 EERIER

REENPERE (X5 D7 T 71d, REF TR L7237 — 5 2 W THIRE TV ZEE L7
BORMFREOHR LR L T o, BIREIHIREAF Yy 7 L7 L — XL T, BhnH
mﬁbiﬁ@f REHMEERMIZIZEO TV EDY, EBICAX v 73N /27 L — XU T
Holzlzd, TORBIINEN., EDOT T THh 5, reduced-struct-freq T, ERFEL N & 28
:@’]gﬂﬂ%ﬁf;ﬁ‘ﬁi LCWABET Y 0b. 7277 K= 27089 I THTEELY TGt 5
BRI, SCER, FRCHFEERICIO U PRSE L %2 5 2 L5 (Bloodgood and Callison-Burch
2m®,u?wotﬁﬁfi%%i&f%wﬁﬁﬁ%%%“ﬁﬁgé’k:&% —Ji, hor
T 700, VEERM® 72D OREBIFEMNEIL, dgram-freq & 1AL 2 &3 o7z, ThUZ
FIEICT—7 N4 % L IiEm L7z & 912, S SUORERTTIE, %ﬁn—@lgwlw
HARHIEE 2 BB ﬁ/‘—Téfkﬁfﬁlﬁ‘b?)%f:&b KREERY 2 7 TRIMFTTEOEMMRENS
FIRICE K OB ZZE L7200 EEZOND720, BOEm CrEM o217 .

ERRE C BIEERME : K712, KEPETIHHBEEZ SN THIRLEA 20122 LR L, 3

10.8 BLEU Score vs. #Additional Words (En-Ja) 10.8 BLEU Score vs. Cumulative Duration (En-Ja)
. T T T T . T T T T T
- - sent-by-4gram-freq - - sent-by-4gram-freq
10.6L — 4gram-freq 10.6H — 4gram-freq
— reduced-struct-freq reduced-struct-freq
10.4 10.4
£10.2 £10.2
o L
38 10.0 3 10.0,
0] %]
o] >
H a8t 4 a8t
0 0
9.6 9.6H
9.4 9.4
9.2 i 1 i i 9.2 i i i i i i
0 2000 4000 6000 8000 10000 0 10 20 30 40 50 60
#Additional Words [Source Words] Cumulative Duration [Hours]

K5 KFEICBT2EMEEKRSH72) O BLEU 22 7H#E () & BEHeERRSH7-) © BLEU A2
TR (G)

A FEEETNV LICBU AL e DERIERY Prle) L3568, 2ODOFEETIV L1, Lo ZHEHIECERLAZET
WV Lo OERMERIL P, (e) = aPr (e )+(17a)PL2( e) L%b. aldonb 1 OMENALHERKTHY,

%%m?~yE@UuﬂLf,ppME@w:em(Z%%ﬂ;fﬁﬂﬂ”)ﬁ%maaaiauﬁgéna
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B CEBFHMOZ T - BEEFMMOMEMEEL T L5, £, FFEHETEIRNSN7L—-X
BONRTH L. REFHETIE, BGEHEERMPMOFEHEOBEIEEIC R > TV DS, RETFE
TIZIEAR D & ) ICHMHFE 2 EAWISGERT 2HAER SN TEB Y, K806, 4gram-freq
EHB L T TARBEECEORMEESEINESN, 20N 7L —ABLL W EFRELER
Th»r9H. —hT, #BRENLT V- XOFMFEFHEITH T 2 BEEFHIIZIREFEI RAT
EEROK) 9% D 7 L — AFNFVERE CRRFHTO 3 AMBIRE N THE Y, Homwaz i ons:

LEZOND. ZOERIE, AEEEZRO L) 7 L - AHEIREND 2 LT, BTG
DN TZAMREATRA T HARECHEL TVHEZEZIBN L.

RO, FFETERSNZ 7L — XOFFUCE L 72 PR oMEm %2R, FEonNst
THREBER O 7 L — ARICKECEND ), BRI EIT) LB TE D, 7L—X
RIS U TN PIgESERE R 2 5RO THIEZIT) T &I Lz, 2oERPL, 1 HEEORFRE
B\ 22PIERNL, 2~4 HEEDNS 55 7L —ADFERL D B EL 2 L WIABHRPERS N
DR, RAN—OHFEIZIZEAEDEMAGETH L7720, FELT VT4 VR CHEEICER
RRARD LB EEZ USMETES. $72, 2531 7L — XOFFRICE L 22 PR ©
HAH70, 1HFEOMFUCET M I A e LTRE L2284, 1HET L — XOFREMIZ

7 ARSI L E RO
B ARHEEEMN | THHEEBE HEEEF Mo E &

) [FEE AT ] (3 Bh) A%y 7| BEE1L| BEE?2 | HEES3
sent-by-4gram-freq 25.22 2.689 1.77% 0.00% 30.74% | 69.08%
4gram-freq 32.70 2.601 0.53% 1.69% 35.48% | 62.29%
reduced-struct-freq 59.97 2.771 0.52% 1.51% 18.82% | 79.15%

xR 8 BFETERINLT L — ZHOWR

e 7L — A
‘ 1 HEE 2 HEE 3 HEE 4 HEhR | 5 BFEDLE | AT
sent-by-4gram-freq — — — 565 566
4gram-freq 1,185 2,061 1,045 390 4,681
reduced-struct-freq | 4,688 1,038 884 96 38 6,744
£9 EFEIBTL7L— ZOWRIE L /PR
Tk ) A?ﬁfﬁ%ﬂ%?ﬁﬁ [ﬂ] )
1HEE 2 HEE 3 HEE 4 HEE | 5 HEEDLL
sent-by-4gram-freq — — — 160.64
4gram-freq 30.14  24.76  21.77  21.12
reduced-struct-freq | 35.61  25.23  21.72  28.13 22.82
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2 HEE T L — XOHEMREROBL ETH Y, FEMHGEORMFUCE T 2 I A PP IIKE
WD

FFECBITL 7L - AR OTPHERBEFGiZ £ 10 18T, ZOEDIS, REFETIE
1 HEEOFREEO P HBEIINR—A T A4 Y FEL D) BEL B o TR D059 5H, RX—2A
TA VFETIEIHBEORAEBRSNG 2 LD %, EFETIEIZ OEMAGE EREN
T ENEREEZONDL. —HT, ERFETEITILV-AENEL 2513 EBINICHEBED
THABLEMPRSNLD, RETEICBVTEIEVW T L =X L TLLEL TEVHEED
BoNTBY, WXWICHES/2T7 L — X %R IRT 2 FEOFMESMEICHEH N TVE. BEMH
FEOXTRZ B AIEE A 5, AIUTHIS T A RGEE SO N AW HREE L Ew 2o, xf
ROBABENEL 2 5MEM S Kohi:,
BEE®ICLIBREE  £FEICL o THON T L= At 2 3 XRTEFICH 560
HFHEE»FE11IRT. T2, FNFRO 7L —XICHEEFMITHEI N TWL 20, &
BARREEZ ED TET7 L — A0 ) LABEN 2 ER 3D 7 L — XD A% 2B IV 725
RETNVOFEMbIT o7z, ZORER, EOFHRIIBVWTOHBE 1OREBEELTC2UED
T =AW OHREHCEEDTD, 70 —ZAREHVAEAS L) SHFEEOM EARS
N7z, —J, BEE3OMROAZHCEEEIEENDZ o TERY L7225, U KIEIZ R
T=%HloTLE) ZLICLBERETHA ). BMT— L DONX—AY X7 A TILBLEU
AT I 9.37% T o725, BEFFEICIoTREL 1 FHESOBEBMTFT—Y D) bLHE
BE2ULEOLDEHCTHRETVEFE T L2 LT, BLEU 227138 10.72% &40, &
1.35 KA v bOFFHEEIM L2 ERT LI LN TE .

£ 10 FFERIIBT L 7L —-XRITL O EREEFM
PR EERHIE (3 BelE)

T VAR 2 BaE 3 WaE 4 | 5 BADLE
sent-by-4gram-freq — — — — 2.689
4gram-freq 2.885  2.585 2.422 2.300 —
reduced-struct-freq | 2.802 2.796 2.778  2.708 2.737

F 11 RAMELEOBEEZFE2 7 L — A0 ZEF AT HE0OMTUEE
BLEU 227 [%]

T UEEIAY mmaur B
sent-by-4gram-freq 9.88 9.92 9.85
4gram-freq 10.48 10.54 10.36
reduced-struct-freq 10.70 10.72 10.67
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T FED

KIFZETIE, BWERO-ODOREIFEICE TS, L7 L —GERFELLT, 70—
AOBREEHEAL, TNE/87 X =5 X T—fHfb L THEISEMS 2 AR 7 L — R
FHE, ARSI R D OO ARO B E NIRRT 2 o SOREIRTE, BLUER
5DMAEDLETH B MR IRBRTFEZRE L2, REFEORMELRET 272
W, B, AFRRICLDT /7 =2 a AMERERPEIZSMT TfT) ¥ 2 b—v a3 v 3%
FEWL7-E A, NRICEIRSND 7L — X% MABAKPEIZEDSCTHIRT 22 & T, fEkLD
D BRI CRER B2 #E 5 Z E 2 CTE 7. T2, MBRKESHE SUOREIRF LN E
BONFIRIZE 2 2 8B 2MET L7200, NFRERZERL/-L 25, TR LR
BOHBEFHIOEH 5 IZBWTHIERFEL ) SR HE L.

L2 L, AW FECIEHEMHBESENMISGEREN S 20, ko7 L — XEIRFE
I LRV A E ST 22 L dRENz. 20720, FRERZEMEL>D, ARICET
Ve GBS EOND &) GREPEFEEERT L LS BROBETH L. BAERWIZIE,
FANGFE DR TFE (Daumé IIT and Jagarlamudi 2011) %2, KRR R&#ELT % 7 L — X#ER
Fi% (Sperber et al. 2014) SLEDOFEN ) L2 N HD. F/2, 7L —XpOEy 71— X%
“one of the preceding X” MO X H IZEHTT » 7L — ML$ % F% (Chiang 2007) % v THEE)
FRICHHT 2 FHEOBEN b BIRIRWEEZERZ TN 5.

I

AIFgelE, (#k) ATR-Trek OBz T EMINZDDOTY. T2, (BR) NFANTIEIAF
HIREBRO -0 OFMFTEEZ I L TTHE F L7,

SE Xk
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