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Abstract

Several studies on machine translation aim at translation between languages
used in the same country, such as a dialog and a standard language of a country.
One of them is machine translation between Ryukyu dialect (Okinawa dialect)
and Japanese standard language (Japanese). The linguistic features of Ryukyu
dialect and Japanese are quite different. Therefore, Ryukyu-Japanese machine
translation is required for people who are non-native speakers of Ryukyu dialect
to easily understand it.

In recent years, most methods of machine translation are based on statistical
machine translation or neural machine translation, which learn translation models
from a large amount of a bilingual corpus. The performance of these machine
translation methods heavily depends on the amount of a training bilingual corpus.
Therefore, the performance of them is not good for low-resource languages such
as the Ryukyu dialect.

A method has been proposed to increase the amount of a bilingual corpus by
automatically generating translation pairs to improve the performance of machine
translation for low-resource languages. An attempt has also been made to ap-
ply this method to Ryukyu-Japanese Statistical Machine Translation (Ryukyu-
Japanese SMT). However, the previous study didn’t consider the quality of auto-
matically generated translation pairs, so the performance of machine translation
was not so good. Therefore, this thesis aims at improving performance of Ryukyu-
Japanese SMT by expanding a bilingual corpus considering the quality, variety and
amount of the translation pairs. Consideration of the quality means to generate
natural translation pairs. Consideration of the variety means to construct an ex-
panded bilingual corpus so that it contains not only similar sentences but a wide
variety of sentences. Consideration of the amount means to avoid excessive expan-
sion of a bilingual corpus. When too many sentences are added to an expanded
bilingual corpus, many unnatural translation pairs are likely to be added too.
In this thesis, we implement the proposed method and conduct experiments to
translate Ryukyu dialect to Japanese to confirm that the above three ideas can
contribute to improve the performance of Ryukyu-Japanese SMT.

Our proposed method to expand a bilingual corpus consists of two steps: gen-
eration of translation pair candidates and selection of translation pair candidates.

In the generation of translation pair candidates, new translation pairs are gen-
erated to enlarge an initial (small) bilingual corpus. For a given translation pair
in an initial bilingual corpus, if a word pair compiled in a Ryukyu-Japanese bilin-
gual lexicon is included in the sentences of both source and target languages, new
translation pairs are generated by replacing those words with other words, whose



parts of speech are the same, in the bilingual lexicon.

In the selection of translation pair candidates, appropriate translation pairs
are chosen among candidates from a point of views of their quality, variety and
amount, then they are added to the initial bilingual corpus to make an expanded
dialog corpus. To consider the quality of translation pairs, a score to evaluate
fluency of a Japanese sentence in a translation pair is calculated, then translation
pairs with high scores are selected. We propose two kinds of the scores: one
is the generation probability of the sentence given by the probabilistic language
model, the other is the difference of the generation probability between the derived
(newly generated) sentence and its original sentence. To consider the variety, the
translation pairs are selected so that the same number of translation pairs are
generated from all the sentences in the initial bilingual corpus. In this way, words
and contexts included in the initial bilingual corpus can be uniformly transferred
in the expanded bilingual corpus. To consider the amount of translation pairs, the
number of newly generated translation pairs is controlled. It enables us to prevent
unnatural translation pairs from being excessively added to the bilingual corpus.

In the experiments, the following methods were evaluated and compared: no
expansion (using only the initial bilingual corpus), the method of previous study,
random selection, our method considering the quality (with two types of scores),
our method considering the quality and variety, and our method combining quality-
based selection and random selection. We trained an SMT model using the ex-
panded bilingual corpus constructed by each proposed method or the baseline,
translated test sentences of Ryukyu dialect into Japanese, and evaluated their per-
formance using BLEU and RIBES. By considering both the quality and variety,
BLEU improved up to 1.24 points and RIBES improved up to 2.54 points compar-
ing with the random selection. By considering the variety, BLEU improved from 7
to 10 points and RIBES improved from 5 to 8 points comparing with the method
considering the quality only. In addition, we examined the changes in BLEU and
RIBES when the amount of the expanded bilingual corpus was changed. It was
found that BLEU and RIBES decreased when more sentences were added to the
expanded bilingual corpus. In addition, our method considering both the quality
and variety outperformed no expansion method only when the number of expanded
translation pairs was 2,000.

From the above results, it was found that the translation performance was im-
proved by expanding the bilingual corpus considering both the quality and variety.
It was not necessary to add many expanded translation pairs, but it was important
to optimize the amount of the expanded bilingual corpus appropriately. Especially,
the method that considers only the quality but not the variety achieved poorer
performance than other methods. This may be because sentences with high prob-



ability of the probabilistic language model tended to be short, and the number
of words in the expanded bilingual corpus became small. Therefore, the obtained
expanded bilingual corpus might not contain sufficient words and contexts. We
can conclude that the basic idea of the proposed method to keep the variety of the
expanded bilingual corpus is effective.

BLEU and RIBES of the proposed methods were improved comparing to the
baseline, but the difference was small. Furthermore, when the amount of trans-
lation pairs in the expanded bilingual corpus was increased, BLEU and RIBES
decreased. It may be caused by a naive method to generate translation pair can-
didates, where they are generated by randomly replacing the words. Most of
generated translation pairs are unnatural, and only the small number of natural
translation pairs are expanded. In the future, instead of using the naive method
by word replacement, we will explore a method to generate translation pair candi-
dates by paraphrase sentences with sophisticated natural language techniques as
a better method of expansion of the bilingual corpus.
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XSRS PR s, ZTD7D, FIERASITH E 0EIEADR VA, K
WARLEHEBDO NI 5T, HRAS2EMT LI FH LW, Ld->T, B
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BRASE, B1LUITRT KT LREIZHINTVS [12]. ThHIEEBHED
IZRERE, FE, TRV NREIEWYH L. Kz, V-7 (BEMNESGE
B) L V—7 (8d/\FHINASHE) TEENMEUBRWVWIZERELELR->TH
5. UL, ZOHRTHMBARHAS L, HREEOXEPEZROTLTH -7
HE (B8 0hSTHY, MHIEL2ERTEHKRIELXTWSEGETH 5 [11].
FD=D, A TIPS S 2 MEONR LTS5, KX Tld, Zhlh
B, BBk A S TP RS A E 2T DL T 5.
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VA7 7—hHA, FAFNCED SBEMWEIERR EVFEET 5. BFETIE, REOX
BRI =2 SBIERE T %2 789 2R EHIBEHEIER (SMT:Statistical Machine
Translation) = a2 — Z IVEEWEIER DS ERIZA>TWa., LL, ZHvs OFNER
FAOBRBEIINRI - N ADRIZKELMKEFET S, Lo T, KSFEER
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R RICHMEIEROMRE 2 1 L X B ARSI T W5,

KEBERDOSFEZNRE U-BWEIERICEE T 2015t L LT, XERC%E HE
AT 2 2L THIRI—RZADEZILAT 2 FEIREINTWS. 72, Z
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1.2 B®
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ODOTREZRT. REFEZELEL, HBKGS %2 HAGEEHEGE ICHEMWEIER T 5 5
BaEfr\», L0 3 D0 LRIEMEIROMERER LIz EN7E 1T FLS T 50 % R
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1.3 WX DI
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METH D70, 2.1 HiCIHREIEMEIER 22BN 35, 228iTC1E, KSEER

SHEE R L U BEWEIER O M 2 E N9 5. 2.3HiTIE, iRa—/ 2D H
LR FiE 2 F O 72 BEMEBNER O e 2 M 3 5. BRIz, 24 fiTlk, 2.3 8T
N U HAFE L DI E R 22D, AFEOREIZOWTIRR S,

2.1 RETBIREARERER

ARETHIBEMERER (SMT) &1, KREDOMRLEZERE L 23R — A2 HWT
FERE TV ZMEIC 2B U, B2 FHETH S, — N4 SMT OB X
ZX2.11TmRT. 2O, EEED» S HAGEAD SMT 24112, AJIXTH5 [He
loved me.] ZHIX MEE D2 F /o7, ] IZBERT 2 L DU DN %
TLUTWA. £9, JRXOME KEIZEDZNRI—RZAEHETS. 204
TIREEX T OHAGEROMEED B, RIZ, Bon-NiRa—NA05, H
2 HWEESXDIH D HARGE SRS N AR Z 52 5 ET V2 FHT 5. THe loved
me.| LWOEEXNEZ 6N L E, FIRBOMRIRAL 25 & 5 M HARGE
(ZDEEE TR 2iFE 77572, 1) Z2EKL, BERERE LTHIT 5.
Mo T7a—x] &k, BIERMERVPERRE RS XD B30 sh R HER T
AEVa—)ILTh5b.

SMT i —fric X (2.1) itk o TebEnd. ZoRiE, BERILEFEX (K
BREOX) fAEZzoNze E, PEESE (BEESFED ) e DEMO TS5,
FERIER D R KIZ R 2 HIESE e 23 IRT B2 2 RLTWA. T2 T P(e|f)
&, fAe ICBIRES NARARIERTH 5. Tk, BIARE TIVHER P(fle) & SiE
ETIVHER Ple) DRTHEINS.

¢ = argmax, P(e|f) = argmax, P(f|e)P(e) (2.1)

SFEETIV Ple)ld, BRI NHESHEDO L e X E L TENLITHRTH S
WEFHI BHERETINTH S, BWEEET IV, WEHO&EW (BR30)
IEWHERE 525, —f&RIZ, SFEEETNVIEN-gram IZ L > THAEINE Z 2 H%
W, N-gram ET7)VIER (22) DX S ITEHEINS.



lloveyou. = FAIHEE-HIFETT,
llovedyou. = FhlIHE=-DFE>1-,

He loves me. = fRIZFAZFELTLVS,

WIEha-ZFEo1=,

He loved me.

2.1: — &7 SMT DRI

P(e) = HP(wi|wi_N+1,wi_N+2, cee  Wilq) (2.2)
=1
w 1 E X elZBIF2 i BHHOHGEZRT. e DAEBMERIZHGE w; DAERMERD
e UTCEHEINS. innwl DHERRMERL, ZOERNIHEBE LU N — 1 {EOHE
I (Wim N1, Wi Ny2y - s wim) DIRIT w; BT B R EHER E U TEIR I N
5. A (23)12 TAR K IZLOELT) WS 3HFEDOIINT 2 2-gram €TV
(N=2) DFIHEHIZRT. </s> FXKELBEEZEET 5.

P(7 B ZUBHELT) = Plw, = “B73")
(wy = “BEJwy = “HI7)
Plws = “RUDE LT jwy = “BF)
Plwy = “</s>"|ws = “RUHELT?)  (2.3)

BMARE T, HESHEOX e NESHOX f OEkE YN ERELT NS

WA T BMREF NV TH S, HAMIZ, D% < DHIENR e DFTELW
FICHREhTWA L E, ZOMRIIEL 25, BREFVOREER P(fle) 3R
(24) I XD kDONG.

= 3" P(f.ale) = 3 P(fle.a)P(ale) (2.4)

ZIT, ald7 74 AV N (HEEOMIRER) 2RKT. 774 A 2 MOfI%EK
22129, ZOHITIE, T —&k—1 28 TAR], NIUATw] 2 TIZUDHFEL
Tl1, 12328061 2 [ ERIELTWSZeERLTWAS.
SMTIZBWT, BIERETVHERE T I4 VAV NI 7V —XT =7 2N
HRELUTEMINDG [14]. 7V —XT— 7“)1/0)%’2%’22.16:%’5‘ Z OFNEEH
BEWEIERIZ BT 5 7 L —XF7 =7V, HEEVHKAS, BIESEIHAGE (I
HEZE) THDH. ROERIL, oI THERT LV —ZXw, ], THAFE 7 L —Zw; ],
THBRA 7 L — ZEHERIER o (w, |w;) ], THIR GO HEEMFEROR , [HH A5
] 7 L — AFHERIER o(w;|w,) ], THRH GO BREERERMER O] 2XK L TW5.

5



fiéF—d— FLAHTh IHEUS

[ -

e:Ha T FUBHFLT

X 2.2: 74X hDOH]

#£21: 7V —XF—T )L DH

ST —&— XA 1 0.5 1 06
ECATHw LHXLT 1 03 04 0.5
PR R AN O Bk 035 0.2 04 0.3

TV —=ARXR—=ADSMT Tl&, HEFBEDL f R IEDOT V=X (f1,---, f1) Z53#
EN3. BI7V—X f,DPEESED 7LV —X e, IZHIRINE L &, BiRETIVIE
K P(fle) 1, & (2.5)ITRTE DI, 7L —ARERIER ¢(file;) &R T L —
ABAADT d(a; — b)) DETEBEI NS [9]. 7 L — ZFHERIER o(files) 1%, &
DHESEI LV —X e, WEBOFESFE 7 V=X fl LRIGMIFohTw5d & Eig,
[iDS e, NEFREINAHERTH D, N (26)ITXDERIND. count(f,e) lFXf
RA=NZADOHT fLedHinffFonTWAEHERT. 7V —XEARTT
d(a;—bi_q) 1, BERIZE D 7L —XDALEDNKE S BIRDGEIZRKENRF LT 4
252550 THD, XNQ27) TEHRIND. o lFFEREIEZED 7 L — XDALEDE
W T BRFINT 1 DI ZFAETHNRIA—RTHY, ERICHEINS. q
F i BHOHESHEZ LV — X e LRI NZFESE7 L — X f; OB E, b,
F(i—1) BHOHBESHE IV — X e, ICHIRINAZHZFET7 LV —X fio) DR TAL
BEXRT. TOMEIE, AhilE0, Hild 7 L —X0EBIT &% 5.

1

P(fle) = [ o(file)d(a; — biy) (2.5)

i=1
count(f;, e;)

,count(f!,e;
>, count(f}, €7

b(file:) = (2.6)

d(ai — bi—l) = Ozlai_bi*l’_ll (27)

X (2.8) 1, K2.2DHITI2DOWT, R (2.5)IZLE> CEHEINAFERE TV
DHERTH B, NTA—=RFIEK21DMEEZFHNT NS,



PECT—E— ZLATw 25 BRUS” Ak Bk IZLHELTY)
= G(“<FT— & =7 “HAR7)d(0 — 0)
* (4D 5RO SRR )d(2 — 1)
$ O(UEUATW LD ELT)d(1 - 3)
= 1%2.718" x0.35 ¥ 2.718" x 1 % 2.718?
=19.101 - - - (2.8)

SMT i%, HRSIEDEXR IV —IVIZET 2 1HH % WRINIZRFRE T, Zhoz
WD —NAMSESNBEEMETVIZ L > TEBT 740, TS DM
R EHREDONRI—NADRDNIEFRZITD T EDVAHETH D &\ > 72 F] 5
N5 [14). UL, BRI — N ZADBBIKET 5728, HERED
SEROZ U WEGEENR L U 72 BEHER TIEFIER OB E ME W & W\ D KD
H5.

22 HKEZERODEZENRE LIEMEROMRE

AHITIE, KEBRFEDOSFEZNRE UBEMWEEROMRIZ OWTHRNS. K
ZHEENRE LR EZ L SN T 5.

o WEAEZXNGE LZWI%E
KHo X, WEO—D2DOHKTH 2R LMD LS (BIF, MUAFE LT 5)
& HAGEDM DM ST AT DOREHHIBEMEIER > A 7 A& fE U7z [14]. 2D
AT LTI, O DSABTIZHEEE U 72 b — L N — 2 DOFEENER S 2 5 L % W
THILAS L HARGBEOWNRA—NNAZEEL, ZThE2HVTSMT €T V%
ZELTW5.

U B IFE 72 SOERRERIZBE T 2 CANIZIFEETH D, L—IR—2A
DEEREHER 217 5 72 DI BB FER IV — )L L GEEREEEZER T 5 Z &3
LW, 22T, BV —L & EEETRUNE D)L — )L R — Z O BEETR
VAT LERINIHEREL, INEHWTHIEEDO XD 23 L - L@ E-
HEMRI—NZAZRERL, 7V —AR—ZADSMTIZLOERY AT L%
FHTE7 TR —FERALTWS, 2T XD, VX SCEMER D REH
RO M2S L, ASICET2RERCSCRVD R TERILAS & HARGE
D DBERMNHHEIZ e o 7=, BIFRKEEIZ DWW T, V=L R— ZDHEMENER
VAT LEARELNETH o EME LT WA,

o NEFLFEENRE LY



Nguyen 51, SFEMEDORERULLEFEATHLHAGE LR F LGED
[l TRt IBMEIER 217 5 Y AT A 2R U 72 [10]. 58, I—v v NSl
PYEE-HEFE S E DO EFENIZH T S EMEEROEE XM ELTWEA, F
FEME DK E SRR SR TEARE ETHY, TO—-D2THLHH
i b T LGEOEMBIER 2 RO RE LTWE., MXhT VAT 75
A2 R—2L U, MXITIZE D BARGEORS Z N b F LGOI ALY
% Z & THMEHER 2 EB LU T\ 5. HatBIBEMMEIER Y — L Moses[21] (2 & %
BWEIER (N—AF5 1) &, REFETHOIEX N T VAT 7 HATED
PRGN & B U 7265250, REFIEROSRR—ZA 714 VOFTIRL Y HHEED
MELZEeHRELTWS., Xz, BERMERZA LI EL70IC, LELD
BONRI—=N2ZZMERT 22 L 2 5BROBEE LTHET TV,
RAVEEAEZNRE U5
Honnet 51%, NAYEEE & FA Y EEUERE O THIGHIUBEMEIER 2 17 5
VAT LEREEL 4], R A YEETTE DRFGEIIN U TIERLAE 247 5
Z&T, RAGEZBERATREZRHEGEN E AT 5 FIEEZREL TS, REX
NI ERLIIRIL, A~OVEBIERIOFR]IE, FBERLOFM, XrFHALTH
%175 CBNMT(Character-based Neural Machine Translation) DF]H®D 3
M TH o7z, EROME, CBNMTIZ &2 EHUHEYRE RWFETH
% i 1T T\ 5.

1V NEFEENRE U5

Irvine & Callison-Burch 1%, T /87 7))L a3 — 8 A RERBIGRIZIZ 2\ D3[H
UChEY 2T 2855 DOTIANOMEED-a—1R) &, FHE
RO VICHESEDHRZIEI—NAD S, N1 ) U HIVEEEZ HEIREEL
TSMT ETNVEHTET S FEZREL, KSFEEFHDSFETH 5 6 FMEHD
1 > N E§E (Tamil, Telugu, Bengali, Malayalam, Hindi, Urdu) & ZEFED
B CHEETHIBEMRIIER 2175 Y AT LA 2 M8 U7z [5]. HEMMEE I N/ N1 Y
VHNVEEBIZBII A AT ALk EOFGEEZ T L — X7 —TIVIZEML,
KHFEE SMT OE T MZHARALG Z LTI V=X T =7 MBI 5 KHGE
DEGEAILT 5 Z & %0 D FHik (+00V Trans.) &, T2 /XF 7)) a—R
A% FAWTHR RN - SUIRIEME - Sy 72 - IEFIRORM - SHEO
JLUEDOR 2 AL, ThoDHEEEZ 7LV —X T —7IZlARATL Z LT
KR 2 G5 3 % S5tk (+Features) Z#Hili L 7z. T DGR, (+O0V Trans.) &
(+Features) D 2 HMHTHZ LT, 6 D2DZFFEDIHL5DIZDOVT, \WT
NHDOFiEZBEMTHEAT 2 L0 BENZFERVE S .



2.3 WERIA—/NZADOBEFILRFEZ AW-HEREIERD

e

AETIEHR T — 2D HEHEETEICE T A OWTIRR S, fiRa—
NADHBEE L X, KEFEEFROSEOXENRE Lz &y, Wila—x
ADEMPFHITIRNE ZT, NI E HERNICAER L, SERa — N AD&E % 8
TRIEEET.

RIREIN 52 - 720803 — 8 2 R Tk

Gao & Vogel 1%, HR&#IA S (SRL:Semantic Role Labeling) % FJfH L T
WERI—RZAZHEERT D2 FEZREL, PIEGE- KM OHET AR
FUCEALA 2. £9, WO —ANRAHUTHET S VAV LT
V=X 217\, HEEEZIFEESHEDOE S 5D LIZ SRL 7R T —
(SRLDY —)V) ZHWTEKEEZMNET 5. (RIZ, EKR7 L —2L4 - &k
BE - T EHHEEFE IV - AL HESEIL—ADty N TH5 SRL &
1)L —) (SSR:SRL Substitution Rules) ZfiH3 5. =L T, #FIHDO I —
WNRADXD IV —=ARTREUERT L — L BR&RE 25 O5E, T0D7
L—AR7%SSR CEEHATHUWHRXZAERT 5. EBROKER, 5O
DHEZLZTA MY MZBWT, XeRa—/3 20 HEERIC & - TRIERMERE
NREL, TOREIIATTERS N KREDONRI—NRZATEHINLY
SN N A

BWHLZ T & B0 ERSCE B AR T E

FEBE 5 1%, XA % HEIRIZAEK S % FIETH 5 ACG(Automatic Corpora
Generation) 2 2% U, HEMFHAUBMEIEIZEA U 72 [1]. ACG (3H UM s fh
SCAR AU & AR B AL R 0D 2 D SRS S T\ B BB SO A AL
T, WO HENIRI —ZADJFEFFE (HAGE) O LT, WordNet
X PPDB & & D SFEEIRD S L 72 SR RID T — X X—2% W Tl
DXUZE VR DIE 217\, B 2 KT 5. Rl L T, &
R - SRR HRE U 72 BB S 2 R < 7212, HERFFEE TV (N-gram
ETIN) IZKDEBMERDRKE WX ZERT 5. Wiz, i 7= el
X ZITOBEESHE (KEE) LHAGDLET, #HLWHIESRXOM % /ERK
U, ZHEMRI—NNZEMNT 5. 72, VAT LMAZEREIISUIIL
TEEFMEIZ 1T, ZOREMENGE IR OER - BEZT5 71— K
Ny ZIEREFTS. TRbH, TOFEIFTESICHEIIERT — N X 24k
RTBDTIERL, AFEEEQLELT B, TOANIANZIA RN
BIERMERED M L2 X > T\ 5.

EEROWER, MO 2ZHWTSMT 22E Lz & LHEBELT, M
MRS & I A 723313 — S22 FIWT SMT 228§ 5 2 & CTHEPKE
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KM EUZ. &7z, NMZEB 74 —FAYZIZXDBEMEINE 2RI
T, HEAERL ZHLBEMXDOAZM S HE LR LT, 74— Ky
BOXMRIA—INADXEN1/3~1/2 TH->TH, BEROBEL M ELTWS
ZeEMRLTWS.

o HFAEHUT X BIHASCIMAE & doc2vee & AV T H AU BRI Tk

A& aeiily, ACG Z 5 HGETIBSMENERIZE A U 72 [7]. B S OREL
72 ACG 2 I1ZHEA 0, WHIONIR I — R 2Dz U, FiH N EREE A W=
HEEEHIC X O WFRCUER 2 EK T 5. X 51T, doc2vec[8] ZFIH L THE)
AU 72 WER Sl D UL 2 8 U TRl S 2 IR U 72, 2 DX ERX
FERHERDO A7 v 7Tk, XEBECE R NMEM 2 ERNT 52 2T, AW
AT WA WERI U SRR S N D ZRRIED & 2 MR — R AT 5 2
EEIH-OTWS., R POSRRES NSRRI — R A5 FEH I Nz SMT
DY AT Lk, B2 BESXORERIZAINT 5 Z LD AR 5728, BHERAEE
DA EIZERBEEZT-T-DTH 5.

FEBOMER, SMTETNVOFHIZMHLUZNRI—NADXET A ML
LTHHT 220 —XRF A MIBWTRBIFREENM EL D, SMT €
TNLVOFBIMHAL TOWARWHIRXZ T A ML UTHHAT A AT VT A
MZBWTIFBIFEED M E LR o7, ZOHX T, HEEOMEDS,
B U 72 BRSUER O R TICR U T MBELE 2 5HRE T, 7 VXA
BRI N ADEDORER S 2] U CCRELEZHBE L TWB DY, 2%
U72BHER S A5 L OBRMEEER 2@ < w2 &9 s, HENAER U 72 5
XEEPSHHER S XEEIRTED LD RN A2 ERT L2 & 2 5B 0OME
LLUTEITTWD,

2.4 AMMRDOEE

BRI © DS [1] Tl H M OFEEHRIBSEIERIZ 3 W T ACG 2 L T\ 7223,
A TIHME S IEEID 55T H D5 S OHEHHIBEMEIERIZ N U T ACG %8
M35, ZOB, MRI—NR22 DI SITHRT 2 0MIDOWT, WE - Sk -
BEOBSPOBETT 5. MEIZOWT, HEESOE L AR, MRSEET IV
ZHAWTHEMEZED X O FEFMZ1T > 2 & THRBNRC 2T 50, Zhz
5 HBEMORIER I E U 72 e E RIS D T L b, ZRRkIEIZDOWT, AR
AR DOWSE (7] TIE, doc2vec (T & D FHE U 7« SCRIBALLEE DR WX 2 I T 5 Z
ECHIRT—NADLHEMZMET 5 Z L 2EEHL TV, KR TIETh e
X2 B AEERAT S, BARIIZIE, SRRSO 4 KT & 7 5 SR D 23748
WEDITHFR I — N ZAEIT BRI ZER T 5 Z & THRER T — /N2 DL Rk
EHERT S, BIZDOWT, ACGIZX > THEAER I NS MR X D& & BEREE D
IR ZHH 5 DMZ T B AIIAWIEL WD T L2 5.
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\np
Jdiq

3E EBRXF

7y

N2

A DRETFIEOMEEX 3.11TRT. £7, HHOHHNRI— A L HH
SR EA AET S, HOHAMNRI— R ADE DB LINET 5. SERE
HERD AT v 7 TlE, FrLWHERS S L EEEEROM A2 HEIAERKT 2 (KM3.1D
®) . MDD AT v T TIE, HERL 7 3RUE/M O d 2 5 ME - 2R -
BEZELTRERDDEZENTS (M31DQ). ZOLIIZHEERL 2R
= RNALHADHRI =2 %2 EDLET, IERRHNRI — N2 2 LTS (X
3.1DB) . &I, FERU LR H X ER 3 — S A0 S ARG BSMEIER O € 7 v
2%E4T5 (KM3.10@).

LFOHiTl, TNZTNDOMRBIZOWTEHMZEZIERS, 3 1HTIX, K310
O@OITHY T BRI =R ZADIEIRIZDOWTIRRS, 32fiTlE, M3.1D@I
FYM 4 3 SMT EFINDFEHIZONTHRRS,

®
WHA D FFER
D—NZAs
v
@)
£/
HERI—/XX

> R
W%A&m

- ®7 ©
3 ER S O B 33 3R 52 o ET A i?f%ki
@ MRIIBEBOER
@ X ERIEH O T f

® RN IR O — /X X DIEE
@ SMTETILOFE

2 3.1: IRETFIROME

3.1 XERI—/NADILER

ARHITIE, FIIONERT = SZAD SRR — N A2 fEER S 5 FIRIZOWT
WARS. BAF, ORI — 22K (3.1) D& S ITEHT 5.

I={(s1,t2), -+ (5, ta)} (3.1)
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s SR GRERAS) X ¢ IZHESEE (BHERE) OXERT. 7z, ndwlil
DXFRI—NRAZEENB RO RS, HIHHDOXERIT — RZDHI %X 3.2 12
mY. 2B, 4FEOFEERTHHT 2 HADNERT — N ADHEKSF B L O
EDOXELGDI L, TNETNDIRENS 5 XE2RRLZEDTH S, LD BUE
TR ESTHO, AUIATESEZRDOHK S L EHEFE D SUAERBERIZD 2

TIKAE DX s;

T —E—(ILHT D 3HTETS L ~

2K Lnsh LEBBEHPLLS Lh— LA oh LY Tuh—A LHERA UZALBA D E T A,
3| THLLLLWTAHFBEII AL ABLILWY ESCA, |

41 TBw 2P FALGANE Y~ —] ABLNY FX =B DA, |

5 ‘Dj’l—y\i@g&lfg_/\z@?é?ét/v@bﬁfpzuw\75/\)4-?avmé[géﬁbé !
BAEE D ;

1| HEFIUHEL T ]

2| EFEOFBRAIE STCEEL >IchENT LE I ERTEALAETT > T,
3| BZLLODERDIC) L18L<7ITz,

4 FAB[Jgﬁ{fdﬁb‘/ﬂ?/\bhéJ PRELL Tl D T3, o

5| CNFEQFABALILRALIN 2 THA F 3 VDI, |

B4 3.2: WIHHOXER T — N 2 D]
o, MERFEEER (32) Dk 5 £ 5.
D = {(wiwi)pl))'” 7(w27w€l;pd>} (32)

NEREFE IR SREO HEE, HIESEEOHEE, MiD 3 2ol nsd. wf i
JREFEDHEE, w3 DOHEESEONR, pildw & wl OMGFAZRT. £72, diX
Lﬁﬂﬁﬁihai%6$E@W%§? FHNREEOHZ X 3.312mT. ZD
Bill%, 4 EOERTHHAT 2HHNREZOLENS 15 B2 M L2 D TH
5. ZTDLEMN S, HHEGEDOREE, FREKG S OHEE, WHEVRHEINTED, H
FARNCERER G S D 50 FNE T A TW 5.

iel, %—, A

&, H—, £

RITE, H—F, 4

HHER Y AE H—F—, B

ACHAIRT, Bh-BZH LEHETICRARS TS &, H—C— 5, 85
ENE H—IT—Lw—, £&E

HES, H—, B

F—84 UF bt 5B

F—HA UF—, H—chll 5—, /i

i, H— L, A5

Bhti H— LA A, 25

#®, H—LBbA, B

o H— LT A, A

FLEEBICLAITFHESITLTHEL L H—=EEW, &5
H{ H—ob v, &

A e p_- = e —_ r =2 5 ==

X 3.3: Bt H X EREEE OB
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3.1.1 NERURMERK

N RS ARAR A LR 1, SRStz 5 U S BT 2 TH 5. K%L T
W, JEATRSE (7] L E U FRIE TR ERSEM 2 AR S, #IIRER O — XA T DxfER
XIWZHBWT, FHXMEREEE DICEHRINTVWBHENRSFE s; & HIESFEX t;
D AIZHET 2L &, TUODHGER, FHMNREEIZEHRIN TV W)
FEURDORGEICESHAT, FILWRESFEX s, L HESEO Xt KT 5. K
34N FRSUER A RALEE D H %2 R, B SO O HGENERI N BEETH 5.
NILDELT, EUATWI IDRRTS ] OEFERT DG HREEEICERI N
TWA7-0, FAUKEGEOWFATHS [ZAIZBIE, Bp—20F0s6] & Xk
w5, AULR—U0] OHERT ZHWTH LU WHERSUE/MAER S NS, 72
B, [AREA, CT—&k—] & [BVLWLW, F—XA] OHERTIIHFAIDEL
5 72D U W ERSUR D BRI DN T WA W Z LIZHER L TWZZE 720,

MEAFER A — /R [ IZE TR
[t; a8 BLBELC s <d—k— BLATLIIDNARUD |

: B SE A2 57
B8R L 7= R DR " HEN T OER
t'; &L ZTAICBER [S <T—&— Bw—I3aFEUH

BN REED
HAEw! R = WS RFp,;
FLHELT |BLATWI IDRUL | BEhET
SAANE B b —3REUH EhE
TLELH ALBe—TU5 hEhE
PILEA g —— 25
BuolLw F—%A B

X 3.4: XFERECAEAH D A il

FEHXEREEE R O HEEDN 1 DOXIZHEHE BT 2561, TNENDHGEIC
DWTHEEERZITV, FTUWRREZERT S, 2O, FRRHZEROHEZE
EEES, 1 DOHEOAZBEHRT S, ZOMMOHZX 351273, ZOHTIE,
(B, HAFE—] LWHHERTN 1L XHIZ2EfHd D, TNEFNNHEEELRO T
Krhd. 1 OHOHERT (RETRUALRS) OB L 0T (s, 1) 24E
U, 2 OHDHEERT (HETRUZES) O@EHIZ & 0 R (87, 1)) % £k
5.

LEL DR ERSAEREERR D 7V TV XL DE T — R % Algorithm 11289, EE{L
I— NOFEMIZA T D@ED TH 5.
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FHAXER I — /82 1 IS f%ﬁﬁx
lt; %o B ¢ s570 B8 [s; bor—n A > ©—%h DAZ—

ases L R O FEAT OB
t, %o [l - Hhio B |s; bott—h R -5 Y- HAE—
t; o B ¢ dhio B |s bot— B > P HAE—
HhEt—
HhE—

£5 ®—ih Fehlb—
L5 ®—ih F—sH—

t"; fo & Hlafoo BR s, bhok—i
t"; fho & Btz BB s hofi—#

mBAMREED
B AGEw! BRERA S W} SEEAp;
HAFE— L
A TeA— 2 =7
HE T—o— 4,57

[ 3.5: XFERSCgAf D A Bl CofRE: & D BLEEAY 1 SNBSS 56

o 1iTHIX, FIDOXNERI—INZA T D i HHDXERL (s4,t;) & XFREEE D DA
helThraohsleaziky.

o C; i3 i HHDOMNIRI A S LRI NS NRUEMOESEZRS. 217HIF, Z
DHIMEZ EHRAEL LTV,

o BITHIE, MBS DICEENBHFN (w), w),p)) TNENUIHNUT, 447
H» o QU215 22K

o 417HIE, wﬁwﬂq“iﬂ #OwU®t IEFEFNTWBE EE, 5f7H”S
@%@%ﬁo;t%%?

o 5ATHIE, MEREEFIZE ENT WS i p; HF U T (w, wh, p;) PO HiEE

o 6ITHIX, NARXDIHSFFEM s; I E TNDHFE ws % wi ITESHAT, 3t
XD SFEM DO s 28 U < BT S0 2 K

o THTHIE, NERXDOHESFHM t; TIZE TN D HEE ! &2 wi ICESHBRT,
ﬁ%i@ﬁ@ﬁ%%%%@Xﬂ%ﬁb<$m?6m@%%?.

o STTHIE, B L < A L7 sacing (s,¢) % C (BT 5 2 & 2 RT.
o 1247H L, MEFTBMERMIORERY LT O 2T 5 2 L & KT,

14



Algorithm 1 XFER3CE A D 4K
1: procedure GENERATEPARALLELSENTENCE(S;,t;,D)
2: Cz “— @

3 for (w$,w},p;) € D do

4 if w? € s; Awj € t; then

5 for (w,w},p;) € D s.t. k# j do
6: s’ = replace wj with wy} in s;
7 t" = replace wj with wj, in t;

8 C;+ C;U{(¢,t)}

9: end for

10: end if

11: end for

12: return C;

13: end procedure

3.1.2 WERXEMEER

ﬁﬁﬁ'ﬁf“%)ﬂzbf:ﬂ%RﬁC@ﬂ%ﬁ@EP#%ﬂiR:—/fxciiﬁ_m@“%/\‘%iﬁﬂﬁi%ﬁé

RSB, BRI R7z& 512, ZBIROBRIZIE, BEMICHEE I NS HRGERa —
2D EE, SRk, B2EE T 5. 3.1.2.1, 3.1.2.2, 3.1.23TlX, ThEFhHE,
LRk, BZ2FRE LU ZBRSUERMOEIIZ OWTEHIAT 5. 3124 TlEIhos
TZZR U MERSURAZEIR T L T XL % RT.

3.1.2.1 MmEZEZERELE-WERXEHDER

HEREHUZ X0 BEVER U 2N ERUEMICEAER LB EENT WS 720, T
REFHET VL > TXORAZFHBILAITITTEHI T, R E@ﬂﬂ
A % BIRNT B . KERIC (s,t) DEED AT scorepy(s,t) R (3.3) D& S
E#RT S,

scorep(s,t) = log P(t) (3.3)

P(t) 13 B S 3B O R sfd ¢ DAEEEETH D, KX (2.2) D N-gram €TV
W& OkDB, Rf5ETIE, N=5& L, BHHFED 104FE575 (1994~1997 &, 2001
E 2007~20114E) OFEENSNNY I F T A b— yyﬁ&t;b%ﬁ?é MRS

BETILVOFHITIESRILM[22] # V5. HRFHEET VOFHOBIZIK, 33—
AZkﬂT%W%@KbT % AT 5 L, ’“%%ﬁ%M&Mﬁm
AW BEES B, BT 2 RIRRG S <N> ICERT 20U 2175, L%
D HFEEED 3 — R 2 OBIEIX, 7,351,312 3¢, 302,523,136 EETH S, b,
NIRX DA a7 Z2EHTHEICE, HESEDO X LI U TRROMME 217 5.
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scorepy WFEESFEXDOEEMER P(t) ONEEAaT7 & LTE D, BIZHES

FECRRDERBRHEFEDOW I TH B0 %L TWE. Lh-T, ZORAT
WHEEER I N UNDOHEENVTDOERI HEZEIND. LLLERYS, &
I N-HEORIBROHEN O ARIDAZER U LD, HLAEKLZX
AR D EZ EYNZFEHii CE 2 aEME® H 5. £ 2T, HEEEHI N5 DS
DHFEDI NI A I THREI N WK DT, HFEEBRFTHROXDMRSEET
VDFEEAIT T DHELRETS. ZORAITOEHEZN (34) ITRT.

scoregif(s,t) = log P(t) — log P(t°) (3.4)

P(t°) V&SRR ¢ DAERRTT & 72 o 7230 (FIHIRGER I — X 2D 30) t° DA jkil
KrRU, Pt) LHEKIZ, X (2.2) D N-gram ET WML DKRD B, HGEEMFTE
DXDEBMERDONEDAEZ AT LERTHI LT, HEEBRINZHGEL T
DHIEDHIEL DEN D BEHRRED TH I 0 %2iHETEI LN TE 3.

SRS ABAH O R 2 3 5 72 0121%, ARIBZFESEOXDOHRX L HIES 3
DXDHRI DM 2ZERBUTAITRERTIRETHS. LrL, LETE
HZLE2O0DAATIFFEEFE L sIZOVWTELEELTVWAWL., 2L, HEE
GRERAS) ODHERSFHEETIVOZHIILERDBREDHRAES OB EGTEI -/ A
AR TERDP -0 TH 5.

ASETIE, FRER G S MO FRCERE O S E G I DWW T, MRSFEET VI
& B BN G EORBREE R U7z, BEARNIZIE, WO Ra— 20 e
SRR 2 B BTS2 HGE n-gram DFER D DEL %25 HiE®, MEBTZV VYT
DX FRAFAH D HLGE n-gram D b v MEBEMHT 2 HEEMRE L7z, UL, 1
HOXMRT—=NATH, Dz TIZBEWTH, HERESDT — 2Bk icdbizl,
BAZE n-gram OB D DSHEN D720, REZ VY VIZLD by MEED D
ol U7z, E56DHEE D EFL WhErorz. ULzd->T, KIS
TRESHE BERAES) OMEFMXTH T, HESE (BEEEGE) M8
AITHZ LT 5.

3.1.2.2 ZHxMZEZERE L W ERXUEFEDIZER

3.1.2.1 TRRZEZFEIZ LD >T, BIZZAI70EW (EEEEOE W) Wik
R EEINT 52, Bl72X 5B XDAIERIND AN H 5. ERERDE
WX, HHBEOSW—RNRFFEEZ L EUXTHIEEFEZONSE D, £
DEI BRIV ZEDTUE D LIRBDORNR I — R ZADLEREIMMEL 25 &
FREINSE. 72, N-gram E TV TIEE O SUIEWVERIMERZ 5 2 @75 0,
GWSUED D BRI NPTV, 2D F, ILESONIR T — ALK DHiES
WALy, Ind MR- N2ADEHEDETIZ RS, —F, #KEt
PIBEMREIER D€ TV 2 28T AR, FET—X & T MR T — R ALk
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XDREENT WD, B2 % ERICBIER T E 2 HMEOEWE TV R %Y
INRT.

HEERB DX R A — R ANLRIR XD BRI ND X HI12T 572012, KK T
X, WO ER A= NRA T FHDOFTRTOMNRIH» SR UBDONRL %2 ERT S Z
& CHRRBEDONIR I —NADELEMEZ IR TS, SWHEZEZADE, [ITBIT50
% H ORERSCH & AR X N R aR Sl C; Oiin s, A3 T HREVWZF UK
FPUEIRT 5., 2k, HIHHONRI—1S2IZBE T 22 TOXIIOWT, %
NETIZUTERI NG SCBRERT =228 EN2 L5270, gox
RO —NADEE O RIEHRD T2 SMT ETNVDFEFHIZHNWSE Z N TES, —
J, BICHERSEETTIVDOATTOEWNRXDAZEIRT S & &, Mo
RA—=NAD D BN S ERE N/ U EIER R I — R A& v
WHIHEMED B 5.

3.1.2.3 E%ZEE L NERXERHDZER

EARB O R — 2D B MR ORI EE2 52 5. HEIERT S X
DD NFE L SMT DT — X 22 EEPT I R TE S0, TD45, FEHAL
R EENAARENES EAYB. 22T, HEENRI— 2D XD m % &
WikdTBZe%2EF25. wEfbeild, mE2Z{LIETSMTETILVEFZEL, TOD
BERMERE 2R T — X OMEBRa— "2 2 FEHA LU THIE L, BIERMERE R &< &
ZmEERTEHILTHS. 72720, RFEOFERIZBWTIE, FHHOXFRT—
INADFNTIeD 272728, m 2 (LT 270D T -2 2HAET A LN
TERD o7, LD ->T, KL TIEm ORElIZITHS, mDEE2Ex-L
E OBEMEIER O B B R RO MO L b 2 JHET 5.

3.1.2.4 WERXF@HEEIROT7IL I XA

PEIRMER I — S ZMERR D 7V TV XL DAL 3 — N % Algorithm 2 12/R8F. 2D
TN ZLDFEMIILTOEY TH 5.

o 117HIE, I (WHIDXERI—/NA), D CFiREEE) , m GEEEMERT =N
AEDXDE) # AT B LERT.

o 217HIX, WHADOKIRI—NRADXE || Zn L UTEHL TV,

o 3TTHIX, 1 DDOMFRIERMDES D 5B INT 2RO m' 2 EHL TV
5. BRSNS B0 R — N, #IHORER 2 — X AHNDORFR E H
B L 72RO ORI N B 728, HENEKT 2 R ENERLDOEIE m—n
ThdH. £7=, YIHOXNRIT = NANDORTONGRH SR UL ITH LW
MR 2 BT 5728, 1 DDOXFR 6 EKT 2R EH U WIERCOEIE
(m—n)/n&%5.
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o 417HIX, FIHAONRIA—NZAD 1 FZEHP»SnBHDX, THbObBITNTD
XUIZDWT, S~TITHDOMBEZTS Z & 23K T,

e 51THIE, Algorithm 1 TR U 7z BRI A AL BE 2 S ERSC (s, ¢5) (238 A
U, (sit;) D OF 72 ITERI N UEMORE C, 2585 2 L 2 RT.

e 61T7HIX, C,HDTARTDIBMHEIZOVWT AT 2EHBE TR 2RT. &
DAATIFRA (3.3) £721FR (34) TEH IS,

o TATHIE, 2T OE LA m/ HOBEMLDOES C, 2 BINT 5 2 L 2 KT

o 9FTHIE, #HIDOKRIT—NADE I SERE N7 C; L IO RER 2 — %
2] EEPET, HENRNI—SAE2ERT 2L 45T,

o 10f7HIZ, LR ERa — N Z/ERMBEDFER UC E 2T 52 2KT.

Algorithm 2 #EIRXFER I — /S A D ERL
: procedure EXPANDPARALLELCORPUS(I, D, m)
n <« ||
m'

1
2
3
4 for : =1 ton do

5: C; <~ GENERATEPARALLELSENTENCE(S;, t;, D)
6 Compute score(s,t) for all (s,t) € C;

7 C; + most highly scored m’ pairs in C;

8 end for

o B« I1U(UC)

10: return &

11: end procedure

3.2 IREHSMT

AKEiTIE, BIHETCER U 7R ER I — N A %2 W TE [LE%/IJJH/JT%W%]?::R (Hi
HSMT) OETINEFEEL, BEKAS %2 HAGEEREGEICHERT 2 B E iz o0 T
AR B,

AR THELZHHSMT D70 —F v — b 2X3.61ZxR7. FHHELEZY =L
ZFR31ITRT. £72, HHSMT OFFRLEFIEZLLND 1.~4. T8RS, ZD
FIEIZ 3.6 DO~@EXHIGL TW5

(AR AL T 1]
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1. xR O — /S 2 DR L

KyTea[19] Z W THERX D HEENHI 217 5. B 3.7 IXHEERHIDOHITH
5. SO U, HEERIZAR—=AZHALLZXFARELE LTHE SN
%. KyTea XA AZEDLIEEMITY —LTH D, TNEFERGTE DO UZHW
THLHFENENPELLL TERW. 72770, KyTea TlX, HENEI SNBSS
FEA—NAZHWTHESEETVEFEL, ThEfHT5Z & THAGE
PADEFED XD HEESEIGETH 5. AL TIE, HERGE DO HEDE
E2IFD 72012, PIHHONER I — S ADHERSG S D% ANFHE L7z 3—R A
ZHWTHEKAG S OHRESEET IV EFEE LTV,

HAGEREHERE DI DG, & BEEIZIE L K 01T 2720121, HEESE]
EFNDEFIKEOREEI—NANRKREL RS, UL, HEESEIHA
DHEIRASOHESEFEI— A2 KRBIZHART 5 Z 2 13# L <, KifgETidd
BOYMIONR I = NAL T 2EHIIHNT WS, LA->T, HERGEIR
PEUERE & LN T KyTea 12 & 2 BEEDEIDRD BE W LR FPHEINS. %
D=, 4EDERTIX, FRAS DT A M XIZDOWT, KyTea THMIIZ
WEENEZITO HEIDEI L, DO UDTECHIENEZ2T5 AFTDED 2
O TERZITV, WEOEWE KT 5.

2. SBE T IVOMER
PRERBE HWER O — /N A DFFHEGED XA 5, BiEE 5-gram E 7 )V % KenLM][18]
ZHWTHETSH. 2D & Z, modified Kneser-Ney smoothing (235 1) 5 dis-
count /87 A —R % T 74\ N DFEMTEH A B A 7> 3 [discount fallback]
ZHRET 5.

3. BHERE TV DIERK
7L —AFMIRETIVE Moses (IED A2V T Mk ¥ET 2. 74
YAV Y= E UTGIZA++([1T ZFHVWS. ZDLeE AT ar e LT,
[——alignment grow-diag-final-and] , [--reordering msd-bidirectional-fe| % &
K9 5. £, A7 ar Tlexternal-bin-dir] THHATAET T4 AV b
V= DT 14V Z M) EBESTS. A7) T NETFBRIZERINZNT A —
REFET 7 A )V moses.ini IZDWT, LANDRBREEET 5.
o 7L —XWAREZHPFD/NT A —XTdh 5 [distortion-limit] %, T 7+
VMEG6 25 —1 (HIRZA L) IZ2ET 5.
o T 2FRETTIMAERY —VDIFE%E T 74V b ISRILM] %25 TKenLM
NEEHET D,

4. AJIFRX D H XA~ DFHER
FIE2. & 3. CHERLUASHEETIVERRET IV ER, ANBERS S X
ZREHESE SRR T 2. ZOBOT a3 —X % LT Moses %\ 5.
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HMRa—1HR  ®ERa3—12R

¥ HOATbR WBIER 38
Moses
argmax P(f|e)P(e)

vy d(z)]

B 3.6: HiH SMT 70 —F ¥ — b

# 3.1: BiH SMT TffEHT 5 Y — L

EZG

Moses

Bl |
oAl R (51— %)
KyTea Gi#hT % A MIHY — L% v 1) | RRERIRTY — L

GIZA++ TIAUAY MY =)L

KenLM SREETIAERY — v

HIREIEFELT

-2
HI F (AUHELT

3.7: HEEEI DB
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458 FHHEEER

\np
Jdiq

4.1 FRT—%

HMHMRIT—RAL LT, vz 7¥a b A STHNI N (15 2 SHEL
7 BRER G S X L BEHERE X DR 1,102 M2 Wz, ThodS L, T2 X AITER
U7z 100 O Z2 T A M TF—& & L, 50 D 1,002 4% WA O H AR T — 3
AT UT-.

SRR SR D AR FIWV 2 5RH MEREFE & UC, THRIRGESH T — X R— A [16]
IZEIR T N T WD 17499 DO BEE & gDy &2 Wz, HTF— X X—=2Z20D
BEEXHE, %, BhE, BEhEE, @G, PG, mIGE, EREE, HEia, EE)
a, BhiEd, PEUARE, RS, A, HEHO 4EEICEFALNSEINTWS. SEE
DHFERZR41ITRT.

& 4.1 B H FEREEE O i il B EE X

| dad | AR | mE | MEEER| | Mha | HGEENC
%A | 13,617 Rl 794 PEUEEE 62
Bl 37 ARG 55 R 190
EEET 877 27 et 11 ] 82
s | 1,177 J& ) 160 LT 7
iz aS 367 Bl 63

4.2 FERE

KRERTIE, REFIEPENLHIKTEIN—AT 1 VFERY, BRAXRFIET
SMTDETNVEFHL, TNEHVWTT A M XOHEKS 5 % BEHEGE IR T 5.
ZUT, Waka— A DEMEFED X &2 Z MG (EfEORIER) & LT, Fohril
R (Y AT LR O RE%Z BEFHET 5. FHiifEiE & LT, BLEU(BiLingual
Evaluation Understudy)[13] & RIBES (Rank-based Intuitive Bilingual Evaluation
Score)[3] D2 D& HWS. LIF, TNENOHEEEIZOWTHIT 5.
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BLEU I%, XOFLEZHETL2HEETHY, 0~100%0DAITTERINS. Z
DIEMREWVFER W2 K 9. FEWREROF M DS &, Y AT LARBRE SR
ﬁ@ﬁ&ﬁ%ﬂé BLEU A2 73X 412k vkdbonb. p, & n-gram #E
KTh, BIFREEERPDHEGE n-gram ORBD 55, EHROSIEGRBOWIT v
K@i%é%@@ﬂé%%bfmé.ﬁKWH,/XTA%&Z%K&TE@?
5 HEE n-gram (nfHDHFEDH]) L WFY, BLEUIZEWEZINS. —H, w,
i n-gram D n ITHTHEATHS. —BIZ, nHREWVIEE w, PELKRDEED
IZEE XN 5. BP(Brevity Penalty) (&, FEWEER XD SR £IZZ2 500K DI
HHIET 585 A — &T%&‘ﬁ@%kiof%ﬁéh%.mﬁUZ:7®%ﬁﬁ
Moses fJE@AZ V) 7R ZFHWTH, w, P NREDNRTA—=RIET 7+ Mi%Z
T 5.

N
BLEU::BP*emo<§:umlqy%> (4.1)

n=1

BP = min <1 exp (1 SRR G Dtk ))
’ VAT LRMERSUER G DR
RIBES 1%, FREEDEWLEEIEAZZE L - HEFHMIETH D, SRV AT A
BERE Ol c—3H U CHBET 2 HEEO HBIEDE X I HD Wi 247 5. mm%
IR (4.3) TEEI NS, HIFVAT LABERXES, REISHEHELATHS. 11
Kendall DNEAAHBEFREL 6] TH 5. %M%muwmciﬁmbt%@@ﬁ()w
NKT (Normalized Kendall's 7) T® 5. P(h;,r;) \(FHFEEMHEETH YD, X (4.5) T
EIND. I, YATLERh DRFEDSIET 74 AV ]\75:2:% &M
f%fﬁa BOEEEERT. X (4.6) TEHINS BP, 1FR (4.2) LBERIULE X
IZEEDWT W B, HEUfii%Aﬁwfﬁaﬁ%d%bfwt%®% ME%
WBWTIEXHRNTEHET 5. o [ FHREHEEROEATH D, KEWIFEFRFED
K@@K&%.ﬁﬁBP@E&?%D,k%m&8$ﬁ®§étﬁﬁﬁﬁé.$
T, TOERAMIAFINTVWS RIBES FHEY —IVIOFT 74V METH S
a=0.25=01IZFELTWVD

(4.2)

ZhieH maxrjeRi {NKT(}LZ,T]) . P(hi,T’j)a . BPS(hi,Tj)ﬂ}

RIBES(H, R) = i (4.3)
T+1
NKT = (4.4)
T4 VAV NEEDBIENTE 238,
P(hi,r;) = 1 DI (4.5)
=
BP,(h;, ;) = min (1, exp (1 ;Z)) >> (4.6)

thttp://www.kecl.ntt.co.jp/icl/lirg/ribes/index-j.html
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4.3 ZEERFH

W ARl AR AL BRI & > THERG U 728z U T, AN OFIET mAE DX
AR Mgl 2 IR L, XNERA— NAZHET 5. TNZTNOXNERIA— N2 ZHNT
FiHSMT €TV A2FEL, 7AMX100 XOMRBE2HIET 5. £z, KD
728, ACG ZiTh2\\WgGH &, FeATioR (712K 5 XOFLE (doc2vec) & HW
7= ACG FEL M T 5. SRIOFEBRTHIET 2 FEIXUTO@ED TH 5.

(1)

(2)

(4)

()

ACG 72U (no-ACG)
WD HNR T — N ADATSMT ETIIVEFETELFETH 5.

X DEPLE % #Z 8 U THERX &2 Rk 9 % F1k (ACG-doc2vec)

FATWRGE (7] DFIE. doc2vec TXDHEEREL (X2 ML) 2%EEL, XM
DL ZZ DN VO YA VELOE TS, WERa — A 2R S 5 BR
\Z, BEIAER U 720 RSO SCEEBUE 2 5 L, B WIZEIT W R WS ERICDES
BDELSERD, ZNEPENRITI =22 T 5, HOOMELEIMEW R A
HIRTAZLIZED, SRR —NRAIZEETNEZ LG INS.
AREBRTIX, AEVARRDZD, HEVERL 72T X TORERLOMEM %S
ZEIXNEESS 52720, ZOFNS T UK LT 1,882,176 KLO MR EER L,
IO DREHEFED SLDEED O XD AEREL (N7 ML) 2FET 5. FERIX
DHID & BN SHFELUE DR 50 JT X &2 #IR U, JRIEMNERI— N A2 § 5.

7 v X (ACG-random)

BN U 72 /RSl ot & 5 0 X LICRERC 2B U, RaRAER 0 —
NA%GS. HERMER I —RZADXDEm 1%, 50 /3, 304, 20/, 1075, 5
H, 2H5F, 1/, 5F, 2F&35. /2, XTI VXLITERT LI LI
FBERDIESDEEFRL, HERMRI—ZADEKE SMT € FILVD¥H
DiffT%2 5 ¥V R L, BLEU %7213 RIBES O V¥ %I 5.

REFIE 1 (OurACG-LM)

HEIAE R U 72 RS O b S iR S35 E 7V (Language Model: LM) D
AT DEWX % EINT 5 FETHS. §4bb, X (3.3) DAIT scorepy
&Ko THRXZER T 5. FRIRNERI — N ZADXDE m 1E 50 FET 5.

RETFH 2 (OurACG-LM-diverse)

OurACG-LM & FIFRIZ (3.3) DA AT scorepp 12 & > THERLCZZER]T 5
D, PRI — N ZAD LRI Z RS 27212, #IHOXNRA—N"ATDF
NTDOMNERLIZDNWT, ZND o E RS 72 GRCER - 5 [ UELZ 1 6 ER
X BEIR U, fRRNER I — A2 5. LRI — XA DX DE m 1,
50 45, 30 /3, 204, 10 /4, 50, 2H5F, 14, 5F, 2 &9 5.
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(6) #EEF 3 (OurACG-Dif)

HEIER U720 S, N2 ERL 7200 e BEIAER U 72 X DOHEHR
EHMETIVDENPREVEDEZERTZFETHS. T42b5, X (34) DA
37T scoregip VT & o THERX Z2ERT 5. HLRXNER T — /XA DX D m 13 50
Jitd 5.

(7) &%= F 4 (OurACG-Dif-diverse)
OurACG-Dif & [FAFRIZR (3.4) DA AT scoregp (2 & > THERXL % ERT 5
W, JRIRNER I — N ADLZERME 2 RS D 72I2, WIIONRIA—NATOT
NRTORRLITDWT, FNh o E K E N7z 5RUER A S [F] U B2 1 1R
X% BIRL, RN — NAZREET 5. HRRNGRI — /S 2D D m 13,
50 45, 30 /3, 204, 10 /5, 54, 2H5F, 14, 5F, 2 F&9 5.

(8) #RETF 5 (OurACG-LM-random)

ACG-random & OurACG-LM ZflAEhE=FHETH S, £7, ElLE
B S T Vv AT 50 HXZFERL, ZDOHN5K(3.3) DAIT scorery
DRE U T2 BUEDL B2 7 25220 U, $RRER I — A% k4 5. [H
1% —100, —200, —300 DWW NAE T 5. BEIEWIF EHRERER 3 — %
ZADEITDL D, FEERRI— R ZDOERKE SMT EFNDO¥E % 5[0
#17L, BLEU B XU RIBES 227 OFETIEIT 5. MRSEETILOD
AT DEWXZEIRT BT VAL EEIRT D%, HICHERSEE
ETNDAIATRE WL ZERNEHNIDEIIN P T KRB0, mIIZX
I VRLIERTAEZIEIZEDEVWXAEIN X T KRB LDI1IZT 570D
Thb. HENRI—NADLHEMEZHERT E5FED—DLNWZ 5.

EERTIIERER T E D XD HENENZDWT, KyTea THEMINIZ BEENE 21T >
HENEE, HOrUDFETHENEHZTOATFLED 2@ O HiEERAL
72. BETIIIEKG S O XDHEFESEIDFRD 3720 &0 5 AR 2 5 D T o
WEEROFEZ T 5. £72, AFA#EIOL E, TAMXEITTRL, YO
RA—NRADHRFTEDXLE TR TATIZE W BENE 2772, b, ATH
HEBEHLUZDIFHKRASOXZTTH D, BEHEEDOITDOWTIE KyTea 2 & -
THBIIZ X & HEBIZ 7 #EI L 72

4.4 HRBEREER

FIHEADKFR 3 — /32 1,002 KD XGRS, 3.1.1 HOFIETHRK S 3072 05RO
FOBNE 16,049,071 TH>72. TS DEFMUZH U T, 43HTRUEZTET
HAEU =0 R — R 22 WTSMT ET NV EFE Uz, TAMNTF—XIZBIT52D
DX T B Y AT LAFHROH %M 41127, ZHIETFEEno-ACG 12 & BFHERES
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RTH DY, [Translating] DITHANIX FERFAE D), TBEST TRANSLATION |
DITMED Y AT LIRS (FEHEGED L) %K T

Created input-output object : [1.292] seconds

Translating: A #— 6 &5 b L & T— b [2hz— T— Ud

Line 0: Initialize search took 0.000 seconds total

Line 0: Collecting options took 0.002 seconds at moses/Manager.cpp Line 141

Line 0: Search took 0.382 seconds

BEST TRANSLATION: T A A T F& LW F L T HHS & v F 3 [I1111i111111] - [to

tal=—6.980] core=(0.000, -14.000, 3. 000, -1. 435, -27. 930, -1. 099, -22. 588, -1. 189, 0. 000, 0. 000,

-1.022, 0. 000, 0. 000, 0. 000, -20. 613)

Line 0: Decision rule took 0.000 seconds total

Line 0: Additional reporting took 0.000 seconds total

Line 0: Translation took 0.384 seconds total

Translating: <% RAZ— &6 b B iBE oL b &— B 53— B LY U— 1=
LA TEBLEBATYHBLESE~SH— AT VWD U—DAHP— ] A T &
(&3 PWNVU— T— <é35 B A— Lo U— A

Line 1: Initialize search took 0.001 seconds total

Line 1: Collecting options took 0.004 seconds at moses/Manager.cpp Line 141

Line 1: Search took 7.833 seconds

BEST TRANSLATION: 2 A AZ—|UNKIUNK|UNK % £ = @ 2E|UNK|UNKIUNK © &b - T

WBdDOTHUY T L =H T BRIUNKIUKIUNK ;5 |UNKIUNKIUNK & @ EE T L& S

Ml EWSSZETHYFLEODTEWLWTHFFIETMEES IE B [T

M 11111111111111111] - [total=-487.543] core=(-400. 000, -55. 000, 27. 0

00, -25. 545 -70. 542, -19. 855, -74. 298, -6. 419, 0. 000, -6. 438, -5. 349, 0. 000, -7. 727, -50. 000, -174

. 230)

Line 1: Decision rule took 0.000 seconds total

Line 1: Additional reporting took 0.000 seconds total

Line 1: Translation took 7.839 seconds total

2 4.1: BHEREER D H 4]

EBFED Y A5 LBHER®O BLEU, RIBES (12 & 2§tk R 2 £ 4.2 (2R3, THBE)
W ER T — XX DBRER ST F DXL D HEES ] % L REE T #: KyTea Z W CTHEI /3
U2 &, TAT) BAFTHESEZ LZE ZOMEE2RT. kI, FFIED
TANLTBI B RAGFEOR  #E %K 4312183, SMT TlE, Fifa—/, 2
WCHBLU AR WEEE CRAIGE) 220 SIZFROMREIMEL b Z e B FI 6T
W57z, REIGER Y RAGEE S 2 A2, RAGERIE, K41I1TRUZE S 5
RHEAIXD S5, UNK X T D WTWBEEERE AT NUIZEDTHD. KA
EIGIE, WMEKRASOTAPI—NRRAZEENEIRAFEOHGEEXL, KX (4.7) T
EHEIND. .

ARG = oo s (4.7)
ZENZH W HEENER 3 — 8 2 (no-ACG DEIFAHID R 3 —/82) DI
fl*DXDEZXZHRNE7-0, TOREBEHEEEIXEEZRI4ITRT. RpD TH
REE VHRIRNER O — NI E E NS RFEOHZ R T . MR (FHRERAFR 2 —
NADIX D=0 DEGERZRL, K (4.8) TEHEINS.

f2H e N
YR — PEBEXFER O — N 2 D BAZE (48)

m
mB, TANI—NZAOHEERIL, HEDEHIO L 1% 2,468, AFoEO L EIX
2,528 TH > 7=.
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& 4.2: BEMRHER O FEAM R

ERES

BLEU

RIBES

HE AT

H &)

AT

no-ACG

1,002

35.93 37.92

77.62

80.53

ACG-doc2vec

500,000

28.08 29.82

69.95

71.00

ACG-random

2,000
5,000
10,000
25,000
50,000
100,000
200,000
300,000
500,000

35.32  36.85
33.54 35.02
32.29 33.72
30.89 31.84
30.68 32.01
29.28 30.58
28.12  29.69
27.16 28.15
28.85 29.60

76.94
75.44
74.75
73.90
74.10
72.04
70.96
70.94
69.22

78.30
76.94
76.40
75.15
74.14
73.71
72.87
71.91
68.94

OurACG-LM

500,000

20.84 21.77

64.75

66.40

OurACG-LM-diverse

2,201
5,032
11,032
25,965
50,960
101,022
201,256
303,432
502,054

36.93 37.85
34.46 34.80
33.95 33.96
32.32  33.55
31.30  32.79
30.84 31.51
28.51 30.04
29.09 30.55
27713 29.71

77.36
75.68
74.75
74.34
71.72
74.32
70.96
72.84
69.76

80.16
75.98
76.50
74.47
74.62
72.96
72.36
72.53
71.35

OurACG-Dif

500,000

18.26  20.18

64.02

63.63

OurACG-Dif-diverse

2,201
5,032
11,032
25,965
50,960
101,022
206,422
303,432
502,053

36.07 38.09
34.36  35.34
33.57 34.64
31.42 33.32
31.07  32.68
29.14 31.22
30.97 32.57
28.30  29.39
27.64 30.13

76.98
76.57
77.53
74.15
72.94
69.71
74.44
70.03
69.10

80.84
77.20
78.55
75.60
73.18
73.75
75.76
71.54
71.65

OurACG
-LM-random

BRAE —100
BRI E —200
BRAE —300

137,753
281,335
394,721

25.48 25.82
29.11 30.07
29.55 29.84

70.28
70.39
70.36

71.87
71.47
70.08

26




K 4.3 TAMT—RIZBIT B RHMEER - RAGEEIG

ERES m ARRIGES | RRGEERIG

HE) AF | HE) AT

no-ACG 1,002 || 253 256 | 10.25 10.13
ACG-doc2vec 500,000 || 128 116 | 5.19  4.59
ACG-random 2,000 | 241 239 | 9.77 9.45

5,000 | 234 222 | 947 879
10,000 || 232 217 | 9.40  8.57
25,000 | 213 197 | 8.65 7.78
50,000 | 202 179 | 7.00 7.07

100,000 | 200 173 | 8.10 6.84
200,000 || 197 171 | 7.97 6.76
300,000 || 190 167 | 7.69 6.60
500,000 || 130 120 | 5.28 4.74

OurACG-LM 500,000 | 163 149 | 6.61  5.89

OurACG-LM-diverse 2,201 || 239 233 | 9.68 9.22
5,032 || 239 239 | 9.68 945
11,032 || 237 230 | 9.60 9.10
25,965 | 239 228 | 9.68 9.02
50,960 | 227 221 | 9.20 8.74
101,022 || 215 206 | 8.71  8.15
201,256 || 200 191 | 8.10 7.56
303,432 || 194 175 | 7.86 6.92
502,054 || 193 171 | 7.82 6.76

OurACG-Dif 500,000 || 156 141 | 6.32 5.58

OurACG-Dif-diverse 2,201 | 237 236 | 9.60 9.34
5,032 || 244 239 | 9.89 945
11,032 | 226 225 | 9.16 8.90
25,965 || 222 209 | 9.00 8.27
50,960 | 213 205 | 8.63 8.11
101,022 | 211 196 | 855 7.75
206,422 | 187 168 | 7.58 @ 6.65
303,432 | 197 176 | 7.98 6.96
502,053 || 198 170 | 8.02 6.73

OurACG BEME —100 | 137,753 | 162 152 | 6.55  6.01
-LM-random | BifE —200 | 281,335 | 141 132 | 572 5.23
BRME —300 | 394,721 | 135 125 | 5.48 4.93
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K 4.4 MR = N ADHGER - PR

ERES m TR BRI S
HERL MR | HEEK M
no-ACG 1,002 19,986 19.95 16,024 15.99
ACG-doc2vec 500,000 || 26,570,608 53.14 | 20,621,914 41.24
ACG-random 2,000 59,197  29.60 47,883 23.94
5,000 176,600 35.32 143,411 28.68
10,000 373,829 37.38 303,683  30.37
25,000 963,031 38.52 782,992  31.32
50,000 || 1,939,148 38.78 | 1,577,211 31.54
100,000 || 3,911,761 39.12 | 3,180,966 31.81
200,000 || 7,842,058 39.21| 6,377,270 31.89
300,000 || 11,760,954 39.20 | 9,561,346 31.87
500,000 || 20,766,999 41.53 | 16,559,281 33.12
OurACG-LM 500,000 | 3,271,917 6.54 | 3,171,170 6.34
OurACG-LM-diverse 2,201 62,937 28.60 47,679  21.66
2,032 186,290 37.02 141,038 28.03
11,032 436,237 39.54 333,241 30.21
25,965 || 1,049,205 40.41 812,384 31.29
50,960 || 2,066,220 40.55 | 1,612,304 31.64
101,022 || 4,074,692 40.34 | 3,213,105 31.81
201,256 | 8,072,775 40.11 | 6,415,686 31.88
303,432 || 12,145,957 40.03 | 9,679,494 31.90
502,054 || 20,059,333 39.96 | 16,025,206 31.92
OurACG-Dif 500,000 || 4,095,036 8.19 | 3,822,281 7.64
OurACG-Dif-diverse 2,201 58,890 26.76 47,679 21.66
5,032 172,840 34.35 141,038 28.03
11,032 408,344 37.02 333,241 30.21
25,965 996,832 38.39 812,384 31.29
50,960 || 1,980,210 38.86 | 1,612,304 31.64
101,022 || 3,948,798 39.09 | 3,213,104 31.81
206,422 | 8,089,745 39.19 | 6,580,283 31.88
303,432 || 11,900,892 39.22 | 9,679,500 31.90
502,053 || 19,701,993 39.24 | 16,025,197 31.92
OurACG BfE —100 | 137,753 || 2,600,078 18.88 | 2,059,195 14.95
-LM-random | FfE —200 | 281,335 | 7,429,534 26.41 | 5,965,273 21.20
BfE —300 | 394,721 || 12,858,549 32.58 | 10,176,570 25.78
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9, 2RMICERZ R, BEEZEHEBTHEILZGA LD AFTHEIL
Find, FHliA 2 7IEE < R0, RAGEH - RAGESHGIHMET T2 ehbhr o7z,
ZDZens, HEKASOHESE DD BHEMEIEROMRBICHEEZ 5252 L
Nohnsd.

I, ACGHD & ACGRLULDFEZILKT 5. REFIED S LM ED/AE
MR D5 72 OurACG-LM-diverse & OurACG-Dif-diverse 2% ACG » D O FiLE L
T, ACGZUDTFE (no-ACG) & H#T 5. K4.51%, HEEOZDIZINSDF
FBOFMIEEOEZFRELZHDTH S, ZOXRTIE, TNETNORETFIEIZE WL
TiE THEEEOMENE L Lo/ ED m 2 EIRL TW5. OurACG-LM-diverse
IZno-ACG & HART, HEIDE|D L & BLEU230.6 K1 > ha LA, Zoff
DFHEFERED 2 T TIZDOWTIHE N U772, £72, OurACG-Dif-diverse IZ no-ACG
AT, BEIDHID L EDORIBES ZU2MET L, % OMOFHEHEEED 2 a7 1%
322HMELE. LML, TOAATOEFZVWTNE 1 RA Y MUATFTH - 7=,
BLEDZ &h6, ACGZEHT S Z L THIHDONERI —RAN S XDEZIEPT
ZEMTERD, FERMREDOSEDEAII/NSWI &b h o 7.

* 4.5: ACG DAHEIZ X 2 HK

Fik m BLEU RIBES

HE AF | HE AF
no-ACG 1,002 || 35.93 37.92 | 77.62 80.53
OurACG-LM-diverse | 2,201 || 36.53 37.85 | 77.36 80.16
OurACG-Dif-diverse | 2,201 || 36.07 38.09 | 76.98 80.84

I, EERERZ RN — A DE, 2N, BOBS»SEET 5.

mBICEAT 5ER

PLIRAER I — N2 2 WS 2T, ERSFEE T V2 WX D E T % 9 5
ETFINELURVWETIVE CHERMREDEWNZ LIRS 5. £, WETHMEZ1T->T
WIRWFE (ACG-random) & BT %217 > TV % Fik (ACG-LM-diverse, ACG-
Dif-diverse) IZHWT, B FHIFEEOZA I THAE NN m D& EOREREHE L
D% FA61Z777. ACG-LM-diverse, ACG-Dif-diverse i ACG-random & ttART,
HEISE D541, BLEU 28K 1.21 K1 >k, RIBES 23K 0.42 K- > @Al k
U, AFREIDEEIZ, BLEU 2R K 1.24 K1 >~ b, RIBES 2% K 2.54 KA1 > b
MELZ., 20Zens, WEEZERETLHIILIZEST, ZIFRELRVHDOD,
FERMERED M T2 Z &b o7z,

WIZ, TV R NEIREERZIEE T IV L B 0RO E 2 i 2 M As e 7= F
FEOREZMEET 5. BARIZIE, ACG-random & OurACG-LM-random % Ehis
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& 4.6: N ERgAT D Gt B R O A I & B PR

Fik m BLEU RIBES
HE) AF | BB AT
ACG-random 2,000 || 35.32 36.85 | 76.94 78.30

OurACG-LM-diverse | 2,201 || 36.53 37.85 | 77.36 80.16
OurACG-Dif-diverse | 2,201 | 36.07 38.09 | 76.98 80.84

5. KATIZZD2DODY AT LADOFHEFERDOEFETH 5. OurACG-LM-random
® BLEU &, BE —200 TiZ m 2MZIEXFAETH 5 ACG-random(m = 300,000) &
DH 2R v MEERE L, BME —300 D& &% ACG-random(m = 500,000) & v &
LR Y FMEESWZ EDNDNS. LL, BfE—100 D& i3 ACG-random(m =
100,000) & lbRT 4 K1 ¥ MEEK L 2> TW5A. BLEU 2MEL 2o 72 HF & L
T, K445 5 K512, OurACG-LM-random (B fH —100) DRFRI — S A1
IR DFIE L IEATE Y. RS EEET TV TRV U @R %
22035 5720, B BWERT W22 LT, WiRa— 2D HEIE
M EUTHEEDR LD, BERMENMETLEZEEZoNS. LEDZ enb,
HUZ T VX LIIKFRIERSCEZEINT 5 &0 6, XOMEDOR 3T HAE N (FfE
—300 &) ZFR ZE TBLEUMM LSS EWAS. —J7, mHAPIFEF L L T
RIBES Z i 9 % &, ACG-random D FH RN BWFERVPBSNT WS, 7
72U, m = 500,000 ® ACG-random & m = 394,721 ® OurACG-LM-random @
g TlE, BEFED D RIBES OEDE.

R AT T VX LERE NI S ERHI DAL A G & ORI

Fik m BLEU RIBES
HE) AT | HE AT
ACG-random 100,000 | 29.28 30.58 | 72.04 73.71

300,000 || 27.16 28.15 | 70.94 71.91
500,000 || 28.85 29.60 | 69.22 68.94
OurACG BB —100 | 137,753 || 25.48 25.82 | 70.28 71.87
-LM-random | BAf& —200 | 281,335 || 29.11 30.07 | 70.39 71.47
BB —300 | 394,721 || 29.55 29.84 | 70.36 70.08

ZHRMEICET 2ER
PEEERER 2 — R A 2 FEE T BRI IR DL kM 2 B T 5 FIEIZ D W TEIER
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MREZ IR T 5. £9, BITMIEORETIE (ACG-doc2vec) & AL DIRETF
% (OurACG-LM-diverse, OurACG-Dif-diverse) Z K3 5. XDOEAFEL & &
(m = 500,000) ®ZN6DFEDFRERDENZRK A8 ITRT. AFAEHOLZE,
OurACG-Dif-diverse iZ BLEU, RIBES & $1Z ACG-doc2vec % L[R5 722 & A3
5. ZIUILDNE & ZhkMEE FIRICE R U722 L DFERMERED A BIZD7ed3 5
meEZONS.

& 4.8 NFURAI X DLk Z B RS 2 THAD HK

Fik m BLEU RIBES
HB) AT | BB AT
ACG-doc2vec 500,000 || 28.08 29.82 | 69.95 71.00

OurACG-LM-diverse | 502,054 || 27.73 29.71 | 69.76 71.35
OurACG-Dif-diverse | 502,053 || 27.64 30.13 | 69.10 71.65

RIZ, ZRMEEZFRTHFHEE URWTEE CHERMERE 2 IR 9 5. kM2 %
R E DA% ERE L 72 FE (OurACG-LM, OurACG-Dif) &, fhE & ZkkME
DM 5% # & U 72 F (OurACG-LM-diverse, OurACG-Dif-diverse) IZ2\WT, X
DEMFE L & & (m = 500,000) OFERZHFFLZEDEKL9ITRT. OurACG-
LM-diverse, OurACG-Dif-diverse I&, OurACG-LM, OurACG-Dif X9 %, BLEU
L 7~10 KA >~ b, RIBESIZ5~8 KA Y Ml ELZZ &bhotz. ZDEDIZ
FHEFERED A a2 7 ANE B U 72Dk, #FIHHDOXNER 3 — N AR BRI SR HiGE
i 0 < ZHEIZHWS ZENTE, MiRPDLRL B o770 THILEZLNS.

#* 4.9 NAREMHSGEIRE O ZERIEDZ O A IZ & & Hik
Fik m BLEU RIBES

HE) AT | HE) AT

OurACG-LM 500,000 || 20.84 21.77 | 64.75 66.40

OurACG-LM-diverse | 502,054 || 27.73 29.71 | 69.76 71.35

OurACG-Dif 500,000 || 18.26 20.18 | 64.02 63.63

OurACG-Dif-diverse | 502,053 || 27.64 30.13 | 69.10 71.65

BB E UT, X4.212 OurACG-Dif & OurACG-Dif-diverse @ 7 A b X DEHER
ERP X OEMERT. OwrACG-DIf iZBWTIX 7] =R TTL &S] I
AR X 4, OurACG-Dif-diverse Tl 1?7] OFFELLEEREI N TWS. I,
OurACG-Dif TR U726 3R I — X 21Z1E T2 2 TTL &5 ) iU T\ 55
FRIEHFRX DL K EENTED, ZOXGEFRD SMT €7 NV Tl FEHI N7
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DIZ, TOLDIBERVPFEELZLEZO65NS. OurACG-Dif-diverse Tl IEFRN;
RA—NRZADEHMEEHEETEZLT, 1?21 & [TU &S OXIGERH KK
ThRWIZ e Z2ZFHETE, (2] 31?2 0FFELLHAINEZEEZONS.
HOEARFNZ K 4.31ZRT. B0 56 CABE] &) XA OurACG-Dif Tl 3£
LWEYIBEWT ] IZBEER I N, OurACG-Dif-diverse Tld AR EE Tl IZIE
ULSERRENT WA, [H5 ] WO EEKA S OHGEILEE 57T) » [FHwTl &
W 72 EHERE D HAEEIZRIER S B 03, [ &\ D BEED#&IC TRIW T 2% <
DIIAHRTHYD, ZOXUIBWTIE BT IZRINBEZDHIEL V. HEEER
A—NRADLHMEEZHERT DI LT, TOIIRERREEDONFEH I N
EWZ 5.

PLEDFER L D, HEEROXNER I — A0 LM 2R T 2 IEFE0 7 Tu—
FIXENTHDENVZ B,

AN bhA h— AL A B ' ?

OurACG-Dif HA3X Fh (X & ® A ! [UNKIUNKIUNK © L& S

OurACG-Dif-diverse HAX Al & o A ! |UNK|UNK|UNK =2

SR (EER) I HE O A 7

¥ 4.2: OurACG-Dif & OurACG-Dif-diverse OFHERAER DA (1)

ANX Bwd LA b HF FL <F FEW SU— A T— L4—

OurACG-Dif HAixx XL LW BEYHE W T Hob Bieg Z-o56 Bg 37 b &

OurACG-Dif-diverse H/IX #E G IR % & T Hob Bt o5 &g L T LWL F L =

SRR (FRR) SE LR £ % T Hob Bt Cob B LE T & 15

4.3: OurACG-Dif & OurACG-Dif-diverse D EHERAE R DH (2)
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EICEATER
WERA—NADEZZLIE 2 EOFERMEREDZLIZOWTERE TS, 22T
%, RS 2F7EE LT, no-ACG, ACG-random, OurACG-LM-diverse, OurACG-
Dif-diverse Z [ 3 5. T o DFEROFEME R 4101RT. £72, EFETOX
RIA—NADEZZ I/ L ZDOFHIREEDOMED L2 iRk F 7 TR U7
M7%, BLEUIZDWTIEX 4.4, RIBESIZDOWTIEHM 4.5 127" 3. @ TOFEICE
W, m < 100,000 2B WTIE, XEZEINEE 2 LM A 2 713343 2 A1
HBZEBbhrorz. £72, no-ACG DFHI A 2 7 H3Mid ACG Tk & FE R T Eg
e <, SR — N ZADEHBPLEIC X > THHMliA 2 7 A E LD, OurACG-
LM-diverse & OurACG-Dif-diverse D m = 2,201 D& EDATH o7z, K 4.3 5
5, MERT—=NADXDOEZRER T Z L I2 & D RFFEXEA L TWD Z L I3HER
TEED, BFMEEDm L2z 22 okhrorz, ZOEKE LT, KFETIE
HAEEEWLZ K 0 RS2 B L TWB DY, Z0 & S ITHERE NIz
HRRH DD, BIRTEXOHE L UTHRERERELS M EL AL -
IeEBEZoND., ZOZENS, SMTOFEHIZHWSEXNERa—NNZADEII/-77%
UHIERVWHDTIERL, TN LD S AERLHFERMZE D R 2 & WEE
THHEWVWZ 5.
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# 4.10: XNEFRA—NADE 2 2L I 7z & & OFHMiFREEDHD 2L

ERES m BLEU RIBES
HE AT | HE) AT
no-ACG 1,002 || 35.93 37.92 | 77.62 80.53
ACG-random 2,000 || 35.32 36.85| 76.94 78.30

5,000 || 33.54 35.02 | 75.44 76.94
10,000 || 32.29 33.72 | 74.75 76.40
25,000 || 30.89 31.84 | 73.90 75.15
50,000 || 30.68 32.01 | 74.10 74.14

100,000 | 29.28 30.58 | 72.04 73.71
200,000 || 28.12 29.69 | 70.96 72.87
300,000 || 27.16 28.15 | 70.94 71.91
500,000 || 28.85 29.60 | 69.22 68.94
OurACG-LM-diverse 2,201 || 36.53 37.85 | 77.36 80.16

5,032 || 34.46 34.80 | 75.68 75.98
11,032 || 33.55 33.96 | 74.75 76.50
25,965 || 32.32 33.55 | 74.34 74.47
50,960 || 31.30 32.79 | 71.72 74.62

101,022 || 30.84 31.51 | 74.32 72.96
201,256 || 28.51 30.04 | 70.96 72.36
303,432 || 29.09 30.55 | 72.84 72.53
002,054 || 27.73 29.71 | 69.76 71.35
OurACG-Dif-diverse 2,201 || 36.07 38.09 | 76.98 80.84

5,032 || 34.36 35.34 | 76.57 77.20
11,032 || 33.57 34.64 | 77.53 78.55
25,965 || 31.42 33.32 | 74.15 75.60
50,960 || 31.07 32.68 | 72.94 73.18

101,022 || 29.14 31.22 | 69.71 73.75
206,422 || 30.97 32.57 | 74.44 75.76
303,432 || 28.30 29.39 | 70.03 71.54
202,053 || 27.64 30.13 | 69.10 71.65
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RIBES[%]

82
80
78
76
74
72
70
68
66
64
62

e &
P & &

O O ©
Sl '\9& & & s
I SO

o
S & KNy
S

VoS

;>
m

e ACG-random B Ef]
e ACG-random A TF
e QUrACG-LM-diverse 5 f
s OUrACG-LM-diverse A F
e OurACG-Dif-diverse B E)
s OurACG-Dif-diverse A F

X 4.4: SFRI—=NADEEZZIHE/-L D BLEU DfEDZAL

>

QO ) N
\) ) \)
N N )
,@.-f?

DY)

O H H O
S & &

S
') S
FFFS

TN AT P §

m

e ACG-random E &)
e ACG-random A F
e OUrACG-LM-dliverse 5 &
e QUrACG-LM-diverse A F
e QurACG-Dif-diverse )
e OUrACG-Dif-diverse A F

X 4.5: WiRa—NZADEZ2Z/LX 7z L D RIBES DfE D24t
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BHE HbHYIC

5.1 &

AW TIE, KSEEFROSHETH LKA S 2 BEWEERONR & U, HiEkA
S5 HARGEANDIEEHIBEMEIER (BiH SMT) 1281 2 iEE2m L& 57
b, MERI— 2% BERIHET 2 FEZ2RE L. AHIOKFRI — R 2AH 5,
FrUWKER 2 BB AER L, Zodma»s (1) ME, 2) 2, B)&ED320
Bl zZR L CHEIZRNERZER L, ORI —RALDET 1 ZDKRE
WHEBRWER I — N A Z ML 72, T OHLRNER I — R A2 HWT SMT DET V%
FEUT.

B % B U 7R DI & 1, HERSFEE TV K O RER GREKAGE &
FEHEZED X DM 1281 BEEEDO T DEREREZHE L, ZONAZVRERY
ZEIRTLZILThHD. £/, HEEKT L0004 ) IF IO e HEAERKL -
BOXDERIERDZEIZ K > THIRXDGE % 3l § 2 FEEIRE L. FHliE
BRCIX, 7YX LITHIREEINT 2 FHEL AT, WHEER TSI LIZko
T BLEU 2’ Kk 1.24 K1 > I, RIBES 2’ Kk 2.54 KA1 > hm EU7-. 72, H
2T VR LRI 2 BINT 235488, TV X LITREREEIRLU TR XD
ARV AATH OHERZSEEFILD AT HHIMELL EORNRT 25804 2 k%
R Z A, $BEFEDOBLEUM 2R v bMEERELZ. UL, BE2HED
IESRELVCEMEDOXZ T 2ET L HREEMET T2 &bz, 2
L, HRSFEETIVDOAIATREW I N TH BHHEAD D 5728, HEIER
RA— N ADHFERD D7 720, —BRINEEEBIRE T V2 EET5D1I+4
AP XREGOMNRI =R ARNESNRhoTzzdbeEZ NS,

LRk % B U 72 GRS D&E IR &0k, FEERAER O — R ATk 2 2 BER B S &
EFND KX DITHIR 2 EIRNT 20U 2 f5d. BARNIZIE, #FHHOXERa — Xt
DT RTOXMNRIPSE UBDOMNRLZAERT 5 Z LT, IR RI—12AD%
REMEZ MR T 2 PERIRELE. 22k, ORI —R2AZEEND X
IR°BFEZ R D 72 K HEARER I — N AANED B e N TE 5. EROMER, Lk
MEERLUBRWFIEL AT, BLEU 28 7~10 R4 > b, RIBESIZ5~8 K1 >k
m EU7-.

EEZRE U R OER L 1, RERZRONEE IR — A& EN
D% 7202, PEEEXNERI — N AD X O % F%T 5 FikziEd. FHMESERT
&, JEERXER O — X AD XD % 2,000~500,000 DHIFHTEFE L, BHIRKEE 2 HlE

36



L7z, ZTOREER, XOHEHNE T E BLEU $ U IXRIBESIZMETF L, ACG %247
DIV TEL D FIFEERE < 2R o T2 DI XX DAY 2,000 XD L E/-FTH - 7=,
fEmE UC, N TIRETIHELR SIS HMEEZEZR LU ZGRI =120
HEhLR RIS BIERMERE D | I EBR T 2 2 &, HEHERONRI— N ADE
WHEYNZIRE T 2B ED D B Z LRSI -,

5.2 S1&DFEE

AWFFETIRE U 7205 3 — R ADIRFIEIK, R—A T A VL AT BLEU *®
RIBES W& L 725 DD, ZDEIEHFE D KEL 2L, FRIFBENTH-72. Z
DFEEE LT, AFETIZHEED T > X LAREBIZ X0 e sEsli 2 42l L Tn
5720, NEARBFEMXHNE K, BRBEHSCDBERI NI D722 & NEX
LD, FA =T FIETHIRER 2 KEIZER LU TH S BHIR AR B % 25
T5E0D, BHIXEERTA2RATHRBR X ZERK LTI —RAZHIRT 2
2, BIERMSE DM LIZDkds & FHEINE. ZDH, 541F, HEEEHRIZK
274 —TRFETITRL, EVBAEMREZHWVTIEOXE BRBUTEE
Wz 7~ FORERSCEmiZ AR L, WiRa— S22 EET 2 FIEREER L -\,
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