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Foreword

Breaking out of the Dormancy of Machine Translation
~ Let’s spread machine translation in a single stroke to break down language barriers ~

Sumita Eiichiro
National Institute of Information and Communications Technology

The following presents the goals of Eiichiro Sumita, who
was appointed to the post of President of the AAMT in June
2018.

1. Previous machine translation

The AAMT will reach the age of 30 in April 2021, which
is two and a half years away. Between its founding and the
present time, the priority of machine translation technology,
which began as rule-based machine translation, passed
through statistical machine translation and has now become

neural machine translation (see the figure below).

Rule-Based Machmne Transiation

+ Years

In Japanese/English pairs, rule-based machine translation
and statistical machine translation, regrettably, were not
widespread. Even humans have difficulty translating
between Japanese and English; it is all the more difficult for
a machine. At that time, the accuracy of machine translation
was inadequate, and it would have been premature to widely
introduce it; professional translators often corrected
translation errors (post-editing). This post-editing was
inefficient and traumatic for translators and translation
companies. Through the efforts of researchers, translation
accuracy continually improved, but this failed to eradicate
negative opinions about machine translation. The
improvement rate was sluggish, and it was presumed that

translation accuracy was approaching its upper limit.

2. Future machine translation

Neural machine translation, which appeared in 2016, easily
surpassed the accuracy of earlier machine translations, which
had been considered to be at its upper limit. This is a splendid
achievement that has transformed the field of machine
translation. Here we can take 1) the composition of English
business letters, which is a foundation of trade and 2) patent
translation demands high precision, as examples. Neural
machine translation is steadily improving the way those
involved in these tasks work by sharply boosting the efficiency,
resulting in less overtime work and the improvement of the
percentage of utilized paid leave. Neural machine translation
is now used for many purposes including multilingual
thesis/patent search services, the handling of multilingual
technical information distribution, electronic transactions, and
various kinds of reservations, voice translation applications,
specialized terminals, and so on.

Based on two powerful forces, namely the rapid
improvement of algorithms brought by worldwide
competition among researchers and the steady accumulation
of bilingual data makes translation accuracy continue to
improve and machine translation will come into use in a

wide range of activities.

3. Breaking out of the dormancy of machine
translation and the AAMT

Just as “cherry blossoms™ break out of their dormancy,
machine translation has passed through a long harsh winter as a
flower bud; now that spring is here, it is surely about to bloom.

This association, which was established in order to
introduce and form links between “people involved in the
research and development of machine translation and people
using machine translation,” is the organization best suited to
accelerate the spread of machine translation. I look forward
to working closely with the directors that were elected at our
general meeting in June 2018 to break down the language
barrier in a single stroke.

I look forward to your support and encouragement as we

pursue this objective.
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1. ILBIZ

A% T2, Workshop on Asian Translation

(WAT) THREfTbATWA, TUVTESEEPLEL
T- B BIAR OMERE% B 5 shared task TH O F AL
72 EIZOWTHRAT LTz, WAT |3 2014 4Ei2 45 1 @A
HTHES N, 3B 2 B, B 3 EXK (EESH
Coling2016 7 —27 L a v 7L LTHME) ., H4EE
% (Es4# IJCNLP2017 #7—2 v ay 7 e LT
Bfg) LEFBREIn Tl Y., 2018 2 PACLIC32
OU—yayFELTI2 A 3 BICEHETHESH
%. shared task OB MFILHE 12 F— AT ET, iff
ANLLEES AF—MIEBNAH S (PEEE,
FAY, Fza, 1K), #IEFLEEBEZDLL
LT, %GB, PEE, @EGE. 1 FXIUTHE b
FA4—i8, Iyrv—iBREBEICbRES,

B BN ROl 57512 BLEU 72 £ o B Bhifff
BbbAADIZ L, AFTHLIT-oTWD, AFFHEIX
NR—=RAF A4 VAT LEDO—2FFM
Evaluation) &, $FTB88EL TV 5 [HFCmb
WBIROGEGHEFIR 055 TREOEEL LD
i) [2] (JPO Adequacy Evaluation) ¢ 2 f@¥0 7
#ETiT> TV 5, JPO Adequacy Evaluation i, &4
TERIDT ARy FDSHO 200 LERRIT, 2
2 OFHME AL T OEMETOR M AT 5.

( Pairwise

# 1: JPO Adequacy Evaluation ¢ F¥{f 27
5 | TRTOEEMBISERICEESA TV,
(100%)
4 |BLALOEEFRIERIIEESATY
%, (80%~)

3 |¥oulboBRERRIIERICEESRATY
5. (50%~)

2 | W or0EEHRIERICEESHATY
5, (20%~)

1 XESNbMbRn, b LTERICEESR
TWAEEFRRIZIZE A LRV, (~20%)

M TIIAE - KBRFBRY 22 0 JPO
Adequacy Evaluation ®fEFIZOWT, FHILLTFO 2
OOBRTHN BT RERE LIz

CHRAE by T OV AT AOTHEE M BUE (¢ %)

A3 E R
- 2 £ OFHEE [ TR A FlRL TV D LD R
LT, 2028250 THAT S,

2. FRIEPY TOVAT LD c BEHB/PEN
pi:ifz:]

HHBROFMAER LML 3 A7 LI
SYSTEM A (*F#] 4.75) . SYSTEM B (4.63) . SYSTEM
C (4.40) TH oM, FHBEEMO—HE LR T « RE

(Cohen's Kappa) [ZE(Z 0.32, 0.42, 0.43 TH 1,
ko 7D SYSTEM A \Zx14 5 e RS R L/ S Uil
Lizofs (WAT O5EHCE - T, VAT LA & EAL
LTw3), THIZBERBIRICBWTHLERT, by 7
DY AT LD x FREBEL/IEL 2o, ZOBE%Z,
# A ¥R SYSTEM A & SYSTEM B #filiZ & V&
T 5,

# 2 |Z SYSTEM A OFHEREROFEME, ] 3 12
SYSTEM B ikt ROFMZ 7RI,



# 2: SYSTEM A O FFAffiks S 3¢ 40

B 5 4 3 2 1 &t
5 154 11 2 1 0| 168
4 11 3 3 0 0 17
3 4 3 4 0 0 11
2 0 0 2 1 0 3
1 0 0 0 1 0 1
Bt 169 17 11 3 0| 200
# 3: SYSTEM B o 3 fifiiks R3¢ 4
A 5 4 3 2 1 at
5 141 15 1 0 0| 157
4 8 7 6 1 0 22
3 4 2 6 2 0 14
2 0 0 4 1 1 6
1 0 0 0 0 1 1
1 153 24 17 4 2| 200

ORI ANOFEE OF M —FE L T
BLOOFEp, AT 5L, SYSTEM A Tlxf
B EOBTEE LT 162(=154+3+4+1+0) & 200 TF|
-T0.81 THH, SYSTEM B T2 0.78 L2572,
SYSTEM A OFB—HKLTWBZ Lithd, —HT
x (REUT T A ORI E OFEAM A BIKT — B 5 ArREE
LEMLTWVD, BERIC 8T 2 WietEp. 11, FHEHE
X 25HE N 2o =88 %kpw b T2 &, UFOXT
HEZNRD QAOHEE*ALBETS),

Pe = ZLIPAN X Pen
= ®AUzRl>T SYSTEM A & SYSTEM B 0p, #
HETHLE, TREFN0.72 £ 0.62 L7229, SYSTEM
A DFBBARIC BT SRR EmV I LITR D, «
FREIT EiEp, Lp 2 E-> T UTO LS ICHE IR B,
Po — Pe

1-pe
EoVES L. BARIC—ETHREMEEZELSIL
T—HREZHRLTWDI I LiZRY, BRII—ETS

AREMEAEWESIZ Y. BTN RHL NS
ZiitB, LROBE, 2 2OVAT AITBWTp,
OEITZIZEEDLRVE, p,DEIZKEENDEDH
Dz, SYSTEM A @ F Mk FHE/hE<{ig>T
HOTHD,

SYSTEM A Op DA K& < 2B ERDO—oIE,
SYSTEM A OFFRFE RN R ELLOFHEEL 5 %
DT BEAEBEL BoTWENLELEZLND, =
DE Iz, FEFICBWI AT A (b L IEFEFIZEND
VAT L) AZBWTI, « REAFHICES RHELD
NHFREMED S S Z LICEER LB THH. — AT,
AFfFS B e A B OMEIZR M A3 WS &2,
 BRBOMRICIIEESLETHHLELZOND, 2
Y« BEBMEVDD EE- T, FHESRSTS OV
TWALEBNIIEZ LI LIIfERAZDTH S,

3. 24 OFHEE T CRHMESEIN TV 2 3XoREt

WIZHZE - XA ORFHERFERICBV T, 2 40
il 8] CREAliAs 2 LL EBENR TW A I T, £D L
I D DML ERE LT,

3.1 FHEEDOIA

B FHEE ORI 2 L Bbhd Lo of
Rz ohd, LFICHZRT (FERXO%AIZS
5 1#OBFHIFMEETHS).

AT Accordingly, the present invention relates

to a rod-like crystal of CZTS.

IEfig Fihvik, AFAIL, CZTS oo v K& &
IZfg+ 5,

HA L7=dio T, AR, <unk>O K RIC

B35, (3 5)

ZOFTIE NMT B O<unk>HEOEEHAEN
TWAHIZHLEbL LT, —FOFFMmESFFMmS & LTy

EJG

AN However no long text and even only

pictures may be included in pages for

many book images.




Efi# L L., L OKEROS—IITIE, BT
FRMEEFAT, E2Fr LEFERE
WZ ERh A,

HA | Lol Z< OFFEBROS—TITR RV
THFAMBRLEETNRZTHIN, (2,5

ZOFIRANOEBLORESEEL S, EfEL K

3.2 [EHEESR) OEBRBOEWVIC X DFHOE

BT ORRETIE, THER#) 2 ChZ0 ERCE
FEENTWAPBIEMARA > Mo 28, [EENH)
OERLGHEE O FBICERoN TS, LFIORT
FITIXZ OEROFMEMO XL AL TS ATHE
HERH D,

B4 5L HAIHLMCEoTWA, LB LR b— A4l | For example, FIG. 1A shows a plan view of
HOFFmERFMES L LTWA, a videoconference room with a typical
AF1 | Aplug 72 provided on the rear end of the arrangement.

ink pack 7 faces the plug opening 335 . FAR | BlZE, 1A, SRR el 6o e
Eff | nRAMOK 335 ITIE, 12392770 TARBEOFHRTH D,

HEIZRT N0 T 28BA TN, HA | Bl B1A T, U LREERE AT AR
A | 7770835 ICik. A w23y 7 TOHK 1 EEOTHEEETT. G,5)

BRI bNETZ S 12 BT HATW HA | #lE M1, — R LREBROSEED

%, (2,5) 2 FEREZ 7T, (3,5
HATIE “faces” HBIEL LRI EH TN ARV IZHER Wh | FxE Blaid, ARNSEREET SR
MTHHH, —HOHEHILFMS &L LTWD, 3 HEOF@EMEZTT, (3,5)

AF | BB 1 BAEIARRRRE 232 13F DB BAA &
LToXEZ@ERSE D,

Effg | Water as the heat medium flows through
the inside of the first heat medium

passage 232.

ZOBTRIRTOVARATAICENWT TEFA) &
WO I BRIT TV AR, —HOFHBE LI 5 & L
TW5, Zhix TeFF] OFaNSIFLEETIIA
WEH L, IE0EERREETEERTNDD
TS & LTWAATREME L H D,

H 71 | The first thermal medium path 232 flows

through the water as a heat medium. (1, 4)

A1 | In this example, assume that jobs have

been deleted and A’ =12 is obtained.

ZOBTIRANLERE TEEFEMRLTEY, £
NP2 ANMPMERLTHHDITH L, ERITEBED
HizkeoTWD, —HOHATERIIANDE-BELT
WAM, EEBETRLTLES> TS8R ELT
R L2oTD,

EfE | SEOFITIRY 3 7HHIBRESh A=12 L

AH [FldhE# 52a 13, WM THRINLS,

o ékT3,
WA | coflTiR, Ya THBEIRESR, A=12 Th
1 BERETH. (8,5)
H 7 ZOFETIR, Ya TANHERER, a=12 23
2 bhd LRETS. 3,5

E#E The coaxial core 52 a is constituted by a

conducting wire.

471 | The coaxial core 52 a is constituted by a

conductor. (2, 5)

COBTIHMEROARRITARWVWEIICR AL, —F
OFMFEILT RETH) LARLTWAZ EHRRY L
rL TV AHAREMD B B,

conductor 7 THEME VI ERRNH DD, H
ABLELWEEZ NS, FHlEO—F3EFHE 2 &
LTWw3,

A7 | The recording medium 212 is a memory
card freely removable from, for example,

the camera body 200.

FAR | &k 212 X, BlAIEH AT ARIK 200




ICEBRBTEICRENTZAT )V I—FTH
%’D

HAh FOERIEIR 212 1, B ZIED A T AR 200 A
LEBBEICERBEOAETY h—FTh
%, (3,5)

3.3 WREBEBOFH—

HRER ER AN P CEEEIHE LB ED
ROBFE— SN TVWRVWEER, KVBERREH L%
Bz, FHEXENLBANEHD L 57,

ZOFITIRHANCEEBROND S, FEED—TF
DEHi 5 & LTW5D, lEMCEBELRH > THEENR
DELLBESR TS LEZ bR LRV, FF
FRETITRRFICHDSNIERE LSRR HhOXKE
BT O TRV, 2ok RFHESh I EZ

AN For information, new items are not
limited to added items but include

changed items.

ERE | 2B, FREEIL, BMESNZEHBIZRSL
T EERISNEEBE2BO,

HAh | WHOHIZ, FFLWT A 7 L0%, BINEA

HAREMERH D, 1 IKREENT, EEFHEZETL, (3,5)
AF | B 1 BAEARARER 232 13X OAERICEMER L HA | WISV TR, HLWT A 7 A1, B

LTOKZERSHE D, 2 BICRESHhT, ERENLETAT 28
IEfi# | Water as the heat medium flows through ir, (3,5)

the inside of the first heat medium

passage 232.

“item” WO HFBORD (T4 745 Thot2h
HA] Thomh ERBBA TV,

17 | The first thermal medium path 232 flows

through the water as a heat medium. (1, 4)

A In a particular embodiment, the photo

sensor is a photo-multiplier tube.

ZOFETIIANEERE TEBRELLLTEY, £
NI ANPFERLTHLOII L. ERITERED
Xzl oTWd, —HFOHAREEBIAALL—ELT
WA, EERMETIRLTLE-TWAD, XLED
BEokE LTIRBYER-oTVS, 2T, X2H0E
DR TWHH0FHE 1 &350, ExDAFIZIE
LSRRIHENTW D L4 L T2 TEREEN
TWaEB2HND., RIZTTHLERTH S,

Efig | BEMR -ERBETIZIFO 7 4+ b3

IIAEFHEETHD,
M | BEOEBHETIE, Xt ik~ F
1 T34 ¥ —ETHS, (3,5
Hh | BEOCEEHBETIE, 74 ber¥—id
2 photo-multiplier F=—7TH %, (1, 4)

AN | Eie ZOEERGRE SR E T #R
RRMTSILEAMLT S,

= Also, it is desirable to provide an electronic
system using the solid-state imaging

device.

7 | It is also an object of providing an

electronic device using the solid state

imaging device. (1, 4)

ZOBITHLREORID LA L TINDH, LELREH
GTETIELSRHENRTWA, Zo k5 AT,
ZAEBEODHEL VW STEBEICLEIY 25,

“photo” A3 [Z7 4 b R T¥| LRRENTWED,
photo-multiplier tube 73k & IZFREN TS, E -
TRREBD R &2 5 AT, —RMICITEMHES
ETH-L TS LEESE (WFHF) TRTS
ETHY, MALHLBEZ - THRINDZ LiTFE
L RWEEZBEND,

AH FIG. 15 is a representation of one unit of a

carboxymethyl cellulose molecule.

EfE B 151, AALRFIAFAELD—RSTF
D1OOHBMOEXKTHS,

HiA carboxymethyl /Lo — R 570 —H{Ld
FKRTHD, 4,2

ZOPITIHEEBREDOEFTZBABECRHEAT




W5, AFEACEMEEELZOEERETTIRWEG
BLLBAAMFET 50, BABRBFET DHEK
IFAABIZTHRETHDHLELLND, UL
LIoBlnX 5z, KEFEOEIRHENTLEKIZ
bbbt EZHILLTE, BELZRDR LFFEDS
T D ERIZR D,

AN Y LUANIHEDIZ, W OhDBEEZER
DHIBLO1>%EML, FELED,

IEfiz | Glycoprotein D recognizes and can bind to

one of several host receptors.

/) | Sugar proteins D may recognize and

couple one of several host receptors. (3, 5)

T OETIE T2 87 B A" Sugar proteins” &
R ENTWAR, ZHITIRIRT” Glycoprotein” 73
ELWRTHD. Zoflinbid, FMAERBOELVR
EHISTWRWEELLFHETE 2WnWE W5 Z & &,
BEOER AT ANFMHABZMAAICHRLTL
¥ LOKERRTERND,

3.4 —IXETTILRMBHEE LN

Wiar—ATEH LN, DR 2VERBHETE
RObObLHoT,

A1 | The encryption method in this case is AES

as mentioned above.

ER | ZoRoSERIE, ok 5 AES

ThbH,
Wh | ZoReoskiEx, EdokdR
1 AES TH 5, (3,5)
A IOBAOEEILFER, ERLEX SR
2 AES Th 5, (3,5)

ZOFTIE, AES LWV 1O 1 HOLhRNARL
i BOXRTED LI REEREATNDRLIT)
EfRETHLEDRD HH ., AES ITITAFEEAH Y |
FOILO—OPROXLRTHRBENA TSR EHE,
HABELWRERSD, 2O KT, ARIFHRS 20
LELLBRTERVLOL, FIERDRVBIFE
T 5.

4. BbYIZ

AR T WAT (22U TR L, WAT2017 @
FrEF R - WHBAR Y A2 0 JPO Adequacy
Evaluation (2% LT, 2 oD AL L OG5 2fro 1=
FREBE L, HORWERY A7 AOFHifiIZHS W
T REBFRYIECHH D 2B LML,
x REIZT 2R T LIHBOEHEMIAN RV L2
WLz, 58T BB TR, FHEEOHEML A
LI THHMELRHD LEEDbRD,

FAHERE R 2 4 OFHEE W TR L TS E A
SIFLIZE ZA. FOERILFME OHMAL I RICX
b0, WHEREDEROHROBNICLL O, R
BORFE—IE B LORENH 7, FHEDOI AL
HHERELES ARV, FHEREOERBLREBEOR
Mo i Vi Eanc KA R T R T
L —HEOEWVEHESITAS L EDRD,

WAT i35 % L BERET L TETHY SHITES
BB DT T HEEBEEZAATHRELTITERLLE
BoTnd, #FORHICIE, AAMT & Ol & sk
BZLIIHEBICHETHD LELTWD, oMW
ROMZET Tl . BBBIROFIAE L ORTIEIC
BHEY, e REBHEZT-oTN
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1. LB

2015 4, (HRREIRIE, #ESE D3P O ESIFFFBR %
HEAEHBETF IR (LT NICT) APLb 2o TH
RLE Fo—r Va3 a=f—a 3] (2BHE
L. ZEBREFBREMEZEA LG - —Ev 20
HEEEIZMIT RS ERE L, ZO8EIE, 7
HAAEARRITE 232,000 B AIZEY, @XPravE
IR EORITIHBROMMB A E o BT ISED
B iz lcala=b—2 a3 LTEFBRNE
HanbhhizE Loz,

ZANOIEREBL., TBHRAEAN] OFZ25T,
BARICED TERAEA] ofmicky, EESCHE
bl THEAN DI a=hr—2 g VY OUE
MRSHIIRE-TVD, ZEREFEREN b==
—FNFy FEREMORBIZEVBRBESKEL
b, HEEETEIHMEZDZ TS,

2. HEERAT AL TORAOR Y #87H
RREIR & RSt 7 ¢ — ME. NICT OFEFEHF%E
ABEETESBRS AT LM M%)
(2015 4EFEA D 2019 SEED 5 /) #ZFEL, BIE
EEOEBIZHELEZENTHSD TOERHERS 2T
LOWEMBEED TS,
ZOMRETETEFTEOROEE 5 - Hir. ¥
BOWELRAEZNHERBRERTE TOLH CER
TLERT T MR L. KiEERELERPTH D,
S L7-S@EORa — S22 A0 THRBE o8 E
EfToLebic, BRBERICEL 2 —F—a ¥
—7 x4 AORBICHLR DA TV,
BEABROOBYENSOET Y I Tk, R0
il COBRNEERHPIHFE~OXISIZIRRED 8 5 23,

TiLA Y v FBRER-TND,
HEANEARAL—XCRBANTEDLL IR 2T,
ATHMRTETICRTEND Z LR 2o,
AEANCHIET BB LN H T,

< SNEAICH T DB 0 SRR 238> 72,
REOERARHY, ERECAT-EFERERT 7Y
T AT RE .

3. B - EEERETEA LY —EXER
1) HEFEIRY—ER WoiceBiz (K4 AL X))
(201856 H Y U—2=)

VoiceBiz] %, BT HHAAEALERAEA
RELOEEFE I 2=~ alEEETLIERH
RI—EARAT, Av— 7408 Ty LY
ya— FRARE (ERICSHZ - THBNBLETT)
THbD,

1. HFER 11 58, 7% 2 FEIR

2. ID/PASS FEAE & B EER G RERL#E !
3. EFLE ER LA BERE !
4. —N"—HET 7 ARFE )

72, EFOELE LTREERVOM, HEKE
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Abstract

In Toshiba (China), we are studying about speech and
natural language processing technologies and its
practical applications, as one of the corporate
laboratory of Toshiba group.

This report briefly introduces our recent activities,
especially on neural machine translation (NMT)
development. Our NMT engine is basically
implemented by incorporating state-of-the-art methods,
and we are mainly focusing on its practical issues,
corpus collection and management.

1. Introduction

Toshiba uses rule-based method for the machine
translation products for a long time. Rule-based
machine translation (RBMT) is more stable in trends of
error and translation quality than other statistical
methods. This nature makes translation systems useful
for aiding users to understanding or translating foreign
language texts roughly, because they can estimate what
is happening in the translation process. However, pre-
defined translation rules are hard to be maintained and
used for translation on new domains.

On the other hand, data-driven method, especially
NMT changes the paradigm by its strong ability of
distributed semantic representations and exploitation of
context, which brings evolutional improvement in
translation quality. Nowadays, due to the rapid
advances of NMT techniques, given large scale of high
quality parallel corpus, NMT would generate human-
level translation, which greatly reduces the translation
cost.

Toshiba (China) research & development center is now

studying about NMT technology towards applying
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NMT in real applications.

Our research interests include tracking of frontier
techniques, detection and correction of NMT
characteristic translation failures, construction and

refinement of bilingual corpus.

2. Recent NMT R&D trend

End-to-end NMT is based on encoder-decoder

framework, which sequentially encodes source
sentence to fixed-length vector from which generates a
translation.

In this chapter, we briefly summarize recent NMT
R&D topics.

Sutskever et al. presented a general end-to-end
approach to sequence learning [2], which used
multilayered Long Short-Term Memory (LSTM) [15]
to map the input sequence and decode the target
sequence, demonstrated that LSTM can learn sensible
phrase and sentence representation. But using a fixed-
length vector was a bottleneck in improving
performance of encode-decoder framework, especially
for long sentence translation.

Hence, Gehring et al. enhanced NMT by introducing
attention mechanism to automatically search for parts
of a source sentence that are relevant to predicting a
target word[3]. Lin et al. improved alignment from
standard attention and alleviated under-translation and
over-translation problem with coverage mechanism
[16]. The coverage vector was used to keep track of the
attention history and fed to the attention model to help
adjust future attention, which lets NMT system to
consider more about untranslated source words.
Sennrich et al. proposed refining the raw result with
deliberation networks, which imitate human’s behavior

like reading news and writing articles [18]. A



deliberation network contains a first-pass decoder to masks the right positions after current position to

generate a raw sequence and a second-pass decoder to guarantee prediction for current position depending
polish and refine the first round result by looking into only on the already known words. There are residual
future words in it. connections around eachsub-layer followed by layer
To reduce sequential computation of RNN, Gehring et normalization in both encoder and decoder.

al. used entire convolution network to learn sequence Here are some studies to improve the performance of
to sequence model (ConvS2S) to accelerate training [4]. Transformer model. Dehghani et al. replaced absolute
ConvS2S creates hierarchical representations over position representation with relative position
input sequence and uses attention in every decoder representation to consider distance between input
layer. It is equipped with gated liner units and residual elements by edges [19]. Graves et al. used multiple
connections. self-attention branches with different weight, achieving
The most recent innovative NMT model is Transformer better performance and faster converging [20].
[5]. which uses only attention based on multi-head Papineni et al. improved transformer model with
mechanisms. It advantages in  parallelizable universal computation and employed an adaptive
computation capability compared with RNN and in computation time (ACT) mechanism [19]. Universal
learning dependencies between distant positions Transformer is bound by the number of revisions of
compared with ConvS2S. Transformer also adopts each symbol’s representation while ACT dynamically
Encoder-decoder framework, with layers composed by adjusts the number of computation steps before halting.
multi-head self-attention layer and feed forward layer. AAN (Average attention networks) Transformer is a
Both encoder and decoder have several stacked promotion of original Transformer, which addresses
identical layers. Encoder contains two sub-layers: decode-time inefficiency without loss of quality [16].
multi-head self-attention mechanism and position-wise The framework of AAN Transformer is illustrated in
fully connected feed-forward network. Decoder Figure 1 [6]. The average layer depends on previous
includes three sub-layers with inserting a sub-layer to positions and gating layer. During decoding, AAN uses
perform multi-head attention over the output of the a cumulative uniform averaging operation across
encoder. Self-attention  layer in  decoder previous position, while the original Transformer looks
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back at entire history.

In China, there are many researchers and companies
did a lot of works on NMT aiming at improving NMT
performance. Because of remarkable performance of
Transformer, many researches were conducted based
on Transformer. Several companies has deployed

online service based on Transformer.

3. Our goal and approach
3.1 Target specification

We aim at building a state-of-art CJ-JC NMT engine
based on frontier techniques and large scale of high
quality corpus, which could be applicable for CJ-JC

translation in various domains,

3.2 Target specification

Transformer model dominated NMT since proposed
because of its high performance, our NMT system is
also based on Transformer. For fast decoding, our
system adopts AAN, decoding time is linear to the
output length.

Additionally, our online decoder also process requests
in batch mode, which re-packages multiple sentences
in different requests to one batch to conduct translation

in parallel.

3.3 Data collection and cleaning

For NMT, it's crucial to have enough high-quality
bilingual corpora. We accumulated large amount of
Chinese-Japanese parallel sentences by web page
crawling, semi-automatic data alignment and cleaning.
The process is illustrated in Figure 2.

1)  Data crawling

Due to scarcity of parallel sentence in web pages,
we crawled not only bilingual comparable
sentence pairs, but also monolingual Chinese or
Japanese texts, crawled monolingual sentences
are translated with high performance MT engine
to get sentence pairs.

The data source for crawling we used covered

many domains and genres, like news, blogs, and
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encyclopedia.
The pre-prepared keyword dictionary was used to
query some data searching web pages and the
keywords could be expanded by extracting
similar or related words that exist in crawled
pages. Similarly, data source was expanded with
related web pages. Domain of the seed words
affects the domain of the crawled data.

2)  Text alignment.

Regarding non-parallel data, we must align

source sentences to target sentences that exist in

the same or other web pages. Now, we adopt two

approaches to implement the alignment.

A)  Rule-based alignment.

We exploited the meta-data of the texts for

document alignment, paragraph alignment

and sentence alignment. The meta-data we

used include document meta-data, like

language type in the URL, date of the news,

sentence numbers of the paragraph,
position of paragraph in one document or
position of sentence in one paragraph. In
addition, considering the specific language
feature that Japanese and Chinese texts
contain a lot of same Chinese characters,
two paragraphs are aligned if enough same
Chinese characters exist in them.

B) Alignment model.

The alignment score of the candidate

sentences was computed by lexicon model

that trained by Moses [11] with our former

accumulated high quality CJ corpora:

lengthie) I

lex(e|f.a) =[]

i=1

|16, )) € ableiTea

In which, e is the source sentence and f1s
the target sentence, e;denotes the i* word of
source sentence and f; denotes the j* word
of target sentence, wfei | fj) is their
translation probability. Finally, we got 15
million CJ parallel sentences.

3)  Filter and refine low quality sentence pairs

According to our experiment, the quality of

> wlelf,



corpus plays important role in outputting high
translation performance for NMT. We cleaned the
noises for collected corpora with following
methods.

A)  Filter low quality sentence.

We use the same bilingual lexical model as
mentioned before to estimating quality of

each sentence pairs, removing the ones that

rank last 10%.

B) Noise data filtering rules
®  Sentence length comparison
®  Mismatch of numerical format,
punctuation and English characters.
®  [xtra space or special characters
®  Translation error of specific words

C) Human checking.

Some complex or special noises that could
not be matched by rules were revised by
human.

After filtering out low quality sentences, the

corpus size decreased to 12M sentence pairs.

4)  Format and segment sentences.
Before training and decoding, the corpus is pre-
processed as follows.
®  Process English tokens.
® Convert full characters to half
characters.
® Convert upper case characters to
lower case characters.
® Convert traditional Chinese
characters to simplified Chinese
characters.
® Remove redundant spaces and
characters.
Segment the sentences.
®  Re-segment to sub-words with BPE,
preventing UNK in translation.
5)  Post-processing.

Post-process module removes extra space,
converts punctuation and repacks the translated

sentences based on original sequence.

4. Fundamental experiment
4.1 Experimental settings
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We carried out our experiment on Tesla P40 with 20G
memory, using CUDA V9,0.0. To accelerate the
training speed we installed MKL, SparseHash and
temalloc.

We trained the model using different hyper parameters
on 12 million parallel sentences and limited the
vocabulary size to 32k. Out of vocabulary words were
mapped to a unigue token “UNK”. We set the
dimensionality d of all input and output layers to 512,
and dimensionality of inner feed forward network layer
to 2048. We employed 8 parallel attention heads in both
encoder and decoder layers. During the training, we
used label smoothing with value, attention dropout and
residual dropout with a rate of p=0.1.During the
decoding, we employed Beam Search algorithm and set
the beam size to 4. As different sequence has different
lengths, which may result in wasting of computation in
the batch, to address this problem, sentences with
roughly same length are batched, and the max-length of
sentence size is set to 100. Adam optimizer with £,=0.9,
f2=0.98 and £=10? was used to tune model parameters,
and learning rate was varied under a warm-up strategy
with warmup_steps=4000.

Our testing data was developed by randomly selected
from Web, including 511 sentences in various domains,
such as IT, travel, and politics. The reference

translation include 5 sentences.

4.2 Performance

Automatic evaluation and human evaluation were
conducted in our system. Automatic evaluation metrics
include BLEU [7], NIST [8], Rouge [10], TER [9] and
Bleu-Ter. We compared our result with two competitors
Online B and Online A. The translation results of
Online B and Online A were both got from their open
online translation web site on 30™, July, 2018,

The automatic evaluation result is as Table 1. In all of
evaluation metrics, our system outperforms Online B
and Online A. The human evaluation result is consistent
with automatic evaluation as Figure 3.

The evaluation result on specific domains is shown as
Table 3 and Table 4. Only result of general domain of

Online B in automatic evaluation is obvious better than
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Figure 3 Human evaluation result

Table 2 Translation time for 511 sentences

BLEUS5 ROUGE
System BLUES TER NIST
-TER F R P
iOurs 69.72 43.72 26 12.21 0.93 0.90| 0.96
Online A Cl 51.38] 60.26 -8.88 10.00, 0.89 0.89 0.89
Online B 68.65 46.71 21.94 12.04 0.92 0.89 0.95
(Ours 65.23 37.34| 27.89| 12.11 0.91 0.90] 0.92
Online A IC 39.00 55.40 -16.40 9.34 0.87 0.87 0.87
Online B 59.38 40.82 18.56 11.57 0.90 0.90 0.90
Table 1 Translation results compared with other systems
MOS evaluation
425 412
3.83 365
2.71 ek Transformer Transformer
' +BPE +BPE+AAN
CJ 43.53s 22.50s
1C 21.09s 18.50s
a IC

Direction System Travel General IT Economics Politics
I Ours 66.02 70.49 69.84 72.51 66.35
Online A 44.6 57.75 49.83 54.48 42.52
Online B 66.26 78.08 63.33 67.85 65.5
Ours 68.41 56.43 72.97 68.23 58.01
Jc Online A 43.43 31.14 45.54 41.08 33.65
Online B 62.51 54.17 66.42 60.32 51.58
Table 3 comparison of automatic evaluation on different domains
Direction System Travel General IT Economics Politics
Ours 3.81 3.86 4.09 4.1 4.16
CJ Online A 2.95 3.08 3.74 3.83 3
Online B 3.7 3.7 3.97 4.04 3.93
Ours 4.17 3.97 4.07 4.13 3.74
IC Online 4 3.43 3.15 3.73 3.57 2.98
Online B 397 3.88 3.87 3.93 3.45

Table 4 comparison of human evaluation on different domains
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us. But in human evaluation, our system is better in all

domains.

We have the following conclusions:

(1) On  Our

developed test-sets, our system
outperforms other competitors on multiple

metrics in both JC and CJ direction.

(2) Our CJ direction is better than JC direction.

(3) The main reasons that our system perform well :

(4

(5

)

—

we have huge and relatively good quality corpora
and good pre-processing and post-processing
methods.

AAN accelerates decoding without loss of
translation quality.

AAN accelerates more in CJ direction than that
in JC direction. The reason is that acceleration
rate is related to length of target sentence. In
theory, acceleration rate equals “(source sentence
length + target sentence length) / source sentence
length”, the longer of the target sentence, the
bigger of the acceleration rate. Generally
speaking, Japanese sentence is longer than
corresponding Chinese sentence, so in CJ

direction acceleration rate is bigger.

5. Discussion
5.1 Practical issues on NMT

Although our NMT has gained high performance, there

still exist some problem.

Incorrect translation of proper noun. e.g., “% #)
+7 K"is translated to “% @ 197, “+JfL K
1S @ proper noun.

Under translation problem. e.g. “# £E ¥t #
A T E pPuf g B is ranslated to “ ¥ E
fevy F—F T3 v T KEEWw, 7
Double negative sentence translation error. e.g.
“AHE i I OM B & e kAT s
translated to “F4 @ A4 & HH T5 B
A% Fau,

Inaccurate translation of polysomic words. e.g.
“¥b JTEE” is translated to “ITiE % BEL %
B
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5.2 Application scenarios

3]

Document translation with human or low
performance MT needs high cost, which could be
remarkably reduced by exploiting our high
performance NMT and few human post-
processing like below.

A)  Terminology translation replacement.

For domain-specific terminologies, to
avoid wrong translation from NMT, the
corresponding word could be automatically
replaced with that from terminology
bilingual dictionary, which maybe got from
user or be extracted based on user history
document.
B) Reliability estimation.
NMT outputs reliability score for each
sentence, human only needs to modify a
small fraction in low reliability sentences.
For convenience of user revision, we could
provide results from other NMT systems.
Considering problem of source sentence
that results in bad translations, NMT
system may also provide quality estimation
score for the source sentence.
C)  Caching correct translation.
Besides caching correct sentence with
traditional translation memory, for a few
translation errors like part of word or
phrase errors that exist in NMT result, user
can also cache them after a few revisions,
that

sentence/phrase/word will be translated as

S0 next time same
expected.

Since data security is quite a big problem, we
could consider providing on-premise MT service,
which saves user data on their internal servers to
avoid data leak risk.

In addition, if user could provide specific domain
parallel data, such as accumulated patent
translation data, we could fine-tune the parameter
of baseline NMT model to output higher accurate

translation.



2)  Assist personnel to translate oral language.
Since good pre-processing of colloquial
expressions and data accumulation of travel
domain, using our NMT to assist personnel to
remove the CJ-JC communication obstacle is
also feasible.

6. Summary

We built a translation engine based on state-of-art
Transformer model for CJ and JC translation, which
outperforms several competitors on randomly selected
test sets and gets practical decoding time by using AAN
and batch decoding. Besides the advances of these open
techniques, the main reason of the high performance
comes from building large corpus, which were crawled
from Internet and cleaned with filter algorithm and
human defined rules.

There still exists some problems in our translation
system, such as terminology translation error, under
translating problem etc. We will focus on dealing with
these issues with proper techniques. To provide user
with better MT service, we will continue to improve the

performance in the future.
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Session |
“Expedia's Journey with Machine Translation™

Mrs. Claire Pagés and Mr. Tommaso Rossi

Women in Localization Japan chapter advances and
welcomed speakers online from abroad for the first time.
Claire and Tommaso from Expedia Group, the worldwide
leader of online booking sites in travel, were willing to
carry out a presentation from London, United Kingdom.
They talked about their works with Machine Translation
(MT).

As benefits of using MT, Claire mentioned about cost
and time. The translation vendors provide discount for their
post-editing works comparing to “pure” translation tasks.
Also, MT generates translation at faster speed, thus it
makes it possible for them to have more time to translate
more materials.

Currently, Expedia utilizes 2 types of MT engines as they
see different benefits. It is possible for them with Statistical
MT (SMT) to specify the language variants such as Chinese
for Simplified Chinese, Hong Kong and Taiwan.
Meanwhile, Neural MT (NMT) engine does not offer
multiple language variants but they found that it generates
more fluent translations for longer sentences. It was also
pointed out that NMT cannot be customized, and less
accuracy can be seen for terminology.

Also, Expedia is aware of the necessity of testing MT
before its implementation as experience shows that not all
content types or languages are suitable for MT. Especially,
they are concerned with Asia-Pacific languages. Moreover,
they noted that there are currently more and more options
for MT engines with varying results at a content type or
language level.

By now, Expedia has built up connectors with different
MT engines, a process to measure quality and efficiency
gains, and partnership with their external suppliers. They
also addressed their concerns on security.

During the Q&A session, they pointed out it is necessary
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to increase MT knowledge for their internal resources also
via trainings and learning, so that all translators can

consider MT as an aid rather than a threat.
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Claire Pagés
Expedia Group

Director, Localization Programs

In her role as Director of Localization Programs for the
Expedia Group, Claire Pagés manages a team of Program
and Project Managers to ensure that the 15+ brands and
nearly 200 points of sale they provide services to present
localized contents that are complete, accurate and fluent in
all languages. This means localizing millions of words each
month to maintain the sites & products, with varied
contents such as property descriptions, user interface,
marketing, SEO, geo, travel guides, help, training, etc.
Claire comes with about 15 years’ experience in
localization, having held many different roles and
responsibilities in the industry, both on the supplier and
client side. She started her career as a French translator, a
role she did for a couple of years before moving onto
management roles. When she is not at work, Claire loves
travelling and discovering new horizons and cultures with

her young family.

Tommaso Rossi
Expedia Group
Senior Manager, Vendor Management Global Supply

Operations

Tommaso Rossi has worked in the translation and
localization industry for almost fifteen years. After earning
a degree in interpreting and translation in 2003, he worked
as a freelance interpreter for a year, mainly for the UN and
other international organizations, then started a career in
translation. Tommaso first worked as a project manager for
an Italian translation company then as a vendor manager in

Brussels. He currently lives in London and works for



Expedia as the head of vendor management inside the
Lodging Partner Services department. He has developed
solid experience in various localization domains such as
freelancing, project management, machine translation,
translation management systems and the translation supply
chain management. Outside the localization world,
Tommaso loves reading, traveling, watching movies and he

is determined to improve his cooking skills.
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Advisor, eServices & SDS Knowledge Management
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