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Za—ZI)ILRVbI—O% V=
BAS ENED RN

BRI EH (REKXF)

Za—ZILRYLT—4

e Za—AY AN DRI E#R T

FEEER R E A

Xp O\,%;H b

X, O

5O AL R

1 ./ Hyperbolic tangent RelU (Rectified Linear Unit)

ALV Za—F LRy T—2
(Recurrent Neural Network, RNN)
s FEDRSDRINZEJZRSZENTES
HASTRL Y, h, = sigmoid(Wh"xt +Whhht_1)
v, =W"h,
BHNGA—EEEY
i /z / \ys V4
[ | | |
th }_)}%2}_){?3}_){?4

x, X, X, X,

5

KRN L

AARYIL

i
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LSTM (Long Short-Term Memory) Za—J)LHmENER

o BT RNN ODRSRES - HEEEONEMDEEICEHR
- DEHAR I'm here on vacation

- REMOKFEFRELSAOAGN

« Long Short-Term Memory (LSTM) Je suis la pour les vacances

T o I ) o
ToE N o) i - SHOBRODSHRETSLELS
=o'V +Ut I +50) — f5l. WMT’14 English-to-French T—4%t vk

0, =a(Wx, + U, +5)) + 12005 X
& = tanh(¥Ox, + U +50)) LSl . 93085 ()
N ¢ =ijog+foc, T + FI3ESFAHFE (L)
i h, =0, otanh(c,) AR
- (vinyalset al., 2015)
— = E i S
= 1—Z)LEERERER H A1
o I Oa—4&—-Fa—5—FTIL (Sutskever et al., 2014) ETLOHS
— Encoder RNN Ulrich UNK . membee da consedl ° admindsiraiion &a conseracteur saomobdle Asdi |
== g ¢ - alfirme gu” il =" agit d” une pralique courante depuis des anndes pour gue les 1Eléphones
s BIIRTOXEFRAAH RBERIMVIZEHR poatabiles parissest dre collecnis avant les réunsons du consel & admisdsirarion afin ga’ ils
— Decoder RNN nie savient pas ulilisds comamie appareils o dooule  dislance
© RHBERIRLNGEIRESBOXEERK
w x v z @ EROFR
T T T T T Ulrich Hackenberg . membre da consel " adminasirabsm du constroctour aulomobile Awdi .
LSTM LSTM LSTM LSTM LSTM LSTM LSTM LSTM déclare que 1a collecie des iéléphones portables avani ks réunions da conseil , afin qu’ ils
[ T H T H T H-H T H T H T H T H T U né puissenl pas e ulilisés comme appareils 47 dcoule i distance | estune pralikque couranie
| | | | | I | I deguiis des anndes

A B C XK w X Y z

Sutskever et al., Sequence to Sequence Learning with Neural Networks, NIPS 2014

o 3 s e =
ANIDANIMIVRE Tree-to-sequence A ER

i e R o ANXDEXHE1EZ FIF (Eriguchi et al. 2016)

Eha gave me 8 oo in ihe gordes

LST™
~2 # 1% LEH T
L5 t 1t 1
/"\ LSTM }» LSTM }» LSTM H LSTM F
=he was given 8 = oy me o the garden LSTM LSTM T T T T
F the garden | | paee e 8 card T&" Ii Eéﬁﬁ
LSTM LSTM

b i AN AN

LSTM }| LSTM LSTM* LSTM LSTMH LSTM }| LSTM
o [} [ [ o [T m

Sutskever et al., Sequence to Sequence Learning with Neural Networks, NIPS 2014 1 He saw the moon with a telescope 12

26



Tree-to-sequence i EAER FHER 1

. iaﬁ-—/}v In information technology and electron field, the application of
R nanotechnology to next generation semiconductors, high-density
— WAT’15 English-to-Japanese T—%t vk information record technology, miniature integrated circuit
— 135 A X7 elements, electric power saving displays using carbon nano-tube,

etc. can be expected.

BIERAE -

BLEU RIBES
Tree-to-string statistical MT (Neubig, 2014) 36.6 79.6 BHRBEMEBFAH TR, RERFHER~DF/TH/
- - Oo— A, EEEBR SR/ EN, BN EEERRE
N | ki Neubig et al., 2015 38.2 81.4 N s
eural reranking (Neubig et al, 2015) % p—Ky F/ Fa—7 £ AL 1 & BH BE BE B BE
Sequence-to-sequence LSTM (Zhu, 2015) 36.2 80.9 T3,
Tree-to-sequence EF )L 36.9 82.4

Google Neural Machine Translation system

(GNMT) (Wu et al., 2016) GNMT system

« ETIL L
- Ia—%4: 8BLSTM (K T & ([Fbidirectional) i 131 e~
- T4 :8ELST™M E=r—mn iy
- FToiay: TI—HORTENIIVI—SFDRLEE v [0 ~E ED A+ < e

— BHERBHL: Wordpiece ET /L T ;

L

— FHE A e ol
« WMTa—/8R: 244 (360055 3) . E¥ (5005X) . etc " | —-. -}:] :_,__‘ :.__1
— Production w1 Eo-m- ‘_J:_._n _T'I

o« WMTaA—/SZDEEM ST
(Wu et al., 2016)

GNMTDEHAER £ 8E Za—FILEFEET )L (inyals & Le, 2015)

- Iva—4— FaA—F—ETFLTREXELE
- BEF—4
c BEIOHPTOREE 62005 X

g phewis-Bassd [POMT

B BASE | fp = D=

5 s FELIETILEARBEDEEEDF

Lo Human: who is skywalker ? Human: does a cat have a wing ?
Machine: he is a hero . Machine: no
Human: who is bill clinton ? Human: cana catfly ?
Machine: he 's a billionaire . Machine: no .
Human: is sky blue or black ? Human: how many legs does a cat have ?

v v Machine: blue . Machine: four , i think .
TraeaiaEnon mocel Human: does a cat have a tail ? Human: how many legs does a spider have ?
Machine: yes . Machine: three , i think .
https://research.googleblog.com/2016/09/a-neural-network-for-machine.html| s
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BREmZE(QA)

xX&
Mary got the football there.

John moved to the bedroom.
Sandra went back to the kitchen.
Mary travelled to the hallway.

John got the football there.
John went to the hallway.

John put down the football.

Mary went to the garden.

215
| Where is the football?

BEHIAHZI—TILRYRNT—D
(Convolutional Neural Network, CNN)

- s - BFTHIEES o NTA—RHEF
INTA—5H INTA—5E INTA—EH
5x3=15 3x3=9 3
INTA—BHERD T &L YBEE % 8
E{%uunﬁt T#XI‘Q%’E&&( ﬁdﬁ
E{Z DA D A AL
p

/ \i] ulﬂ o il

P

I
image [5]

CNN RNN

""'-!hl-<.l-|l;ii'_lh”]!? s

E/ (Vinyals et al., 2015)
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Dynamic Memory Networks (Kumar et al., 2016)

 BZEEHTH-OITBELGXZIRRIMETE

Berorvewi riiadle

B[RO ERBAS DA

A group of people
L
anugl.ll | G"‘:.::"'l shopping at an
"

Pt | |outdoor market,

Q There are many
vegetables at the
fruit stand,

(Vinyals et al., 2015)

1. REDSNILNEER CEEZRECNNEEE
2. SREBAXATEDER TEEERMRNNEEE

=» Eﬂ Xﬂiﬁk_‘wu (Vinyals et al., 2015)

A parson riding &
moloreyele on a dirt road

Two dogs play In the grass.,




CNN [C LB X558 FESERHT

« Kim (2014) . AIREERRAT S
i I S _ S

fw /o /NP

'l . \

k] :
|

/ / \
NNP VBZ DT NN

John has a dog
E 54k (linearlization)
(S (NP NNP )yp (VP VBZ (NP DT NN )y o - )s

I a—F-Ta—FETIIZED

7]
AIFEE AR AT (Vinyals et al., 2015) 1SR AT
*ETI s IRKTFREEREMN
- Iva—4%-7Fa—4: 3@ISTM+ T T Ay - HERORY 2T
. #EF_s

= (OVDEIA)
— WebTF Xk
« Berkeley Parser & ZPar DH W AA—HLI=2D John has a dog
e NNP VBZ DT NN
° E

— #&E: 92.1 (f-score) on WSJ23
—&E: 1003/# LI E

SyntaxNet (Andor et al., 2016) x&H
s BREETIL s Za—JI)LRYrIT—H
— 7 ar DRI THEXEELZRE - 'i 731{‘/'*:1—?/!/*%7—7
— Feedforward NN T7 9 aviER - BHRAHZA—FNRIET Y

- E—LIFEHKLE early update [ZK D2 AREL N . -
« IVa—F—Ta—F—FTI
\ ~ BB, Y RT A AT etc
- BE
— Unlabeled attachment score (UAS): 94.61%
— Labeled attachment score (LAS): 92.79%

« BHROGIRVEHBELGT—FTOF Y TER

— End-to-end &
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ﬁgnR E : n:I:fl-.-lf
HIERDBEZHE T X MTDIEL

s FHiE
[ | B 37 K

2016 £ 11 A 25 H F 4 BFIBHR VNI U L

#ERY 7 b OB R & AFFH
BRY 7 NOERTIE. HAZRTHET BEEESONZT,

LD L. EDINEB > TP > eEEICREERDH D £RRIICIE
BULBEBLIBE>TWBZENH D,

ZZ T MULWERDPEWRE D BRFZICVWHTER T 2ED
& %o

BARXEZRLT, ZOREABIR TIEREITNIEL W,
hz TAFEME, W, UTD2 D0OFFHImRENEZ,

o B (adequacy): SRHAREXIC EN L 5 WVWEEI D,
o FitmlE (Auency): RHVE N < 5 WREEH D,

(NS FEBEMMEL . EFEDAFFHATREFINGEL, )
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BEIFHEmD N EHE 2
BRY 7 hOHEAT2ATFENSIXE. AFTHMEIT 2DIFKE,
ANFELREH DD,

Z 27T, 'BEEHE N"ERSNT.

HS5MUH. ABRHNEBRGER "SRR Z/E>TH <,

BIRY 7 b LR "#BER) ESREROBUEZER,

HRTRENICAVWS N TWSEBEIE, IBMAEE U2 BLUE
(BiLingual Evaluation Understudy))o

#IHA D B EhEHAEE 3

BLEU K D RTICIF. EERHADEF CEDLN WD WER (Word Error
Rate) HMEH N TV,

WER (&, #BRZzESHZTSRARICT 2D ICRER,
EHEEDEN - HlIRR - BOREOLIMICEDRE,

KEWERNNSBERER U7 S WER = 0.0 T.
ESIFEWERDPKEVWDT, 1 - WERZEMEET D,

ULHU. BIEOEWHKEEZERTIE. XEBIRTENEDHOMD,
WER [SEBIEOEEWCE LI ED &#¥H i,

Z 7T, FAREOEEVWEXKBICRSREMN KD SN,
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PER & TER 4

INslE. WERZXR—XICL T, BIEDEWCHLL LD,

e PER (Position-independent word Error Rate):
XZzHEDOEREMART I ET, BlEZTRICES,

e TER (Translation Edit Rate): (Sover et al. 2006)
BHEDSRBDZTL—X—EILENT DZ 1 RIFEHBL.
ZIEDEWZKRBICR S,

BIBHFEIRICEE T 2R e ERSRICRB UL E &,
FEIER EEZREB TRV EFEWCEZREI WS,

HWEDEIETEH L TWBAHAKRAICIEZE UH T WD,
DK D—EBDIAZE DR S L L,

BLEU (#En 77 L8

o
\./

5

Papineni et al. 2002
HWMER ESRIROE T, HBUTWBEELPTL —INZWELE,
KWERTHB. EVWSIEZFHICH EDL,

BEn T 7 LDEEERZ p, TRU. p D5 p, DIEEFIT
YP1papaps ER—RICLTW3,

4/7

28R [John jwenf theg [Okayama [University] [Hospital
=

k. [John |went [OkaMasary [Hospital
p1=4/5

Z083R: [John |went [to||thg (Okayama]|University Hospital]

ENT SRS
=h

BHENATZ LA A=

tmzR. (John [went fo|[OkaMasary Hospital] 24
L J s =
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BLEU (E#Z8R) 6

pald. TEUTWBEEL4 T T LADNEFEELRWVWE 0 RIRD T,
BLEU = ¢/p1papsps B0 RICE->TULE S,

BEsR: Hohn |went | to| the Okayama] University | Hospital 0/4

555 4 45 BR%
=ha

H " HEX
HetsR:  Hohn |went to OkaMasarul Hospital]

p2=10/2

\\}t

73 uRb\—jfc_ ‘lj—fc_ t BLEU 75\ 0 /lJ—_':;@j(h\y < Eéo

CTCBLEUZES &EZEIE, AR 0RICESTRWVWEKSIC,
>Rz W DHEAEULRITIIEGRS A0,

BLEU (Brevity Penalty) 7

BHSEEROBTWT, Bwuiﬁﬁ%%ﬁoTUMQT\
BEORWERALZHBAURITNIEEEEREN NS

InZzBE< 2. BLEU Tld. BWVERERICRFILT 1 25 % 5,

XDORESDL "EWMRORS /ZRRORS) 2o &THE UATOD
BP (Brevity Penalty) Z#}7 % 2 & T, I ZDROREKZ TS5,
BP(x) & min (1,exp (1 — 1/x)), BLEU = BP X /p1papspa

BP,
1.0

0.8

06 /// 0.0 < BLEU < 1.0

0.4 //
0.2
0.0 > T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
2L E=40)
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BLEU (AF&ii & DEEDES) 8

NTCIR 58RI RV DEBRIERICK B &

AP HRFERTIE. BLEU & AFEMADOEREHMEL,
NTCIR-7 DH=EEIFRY X7 DIFA.

BLEU & AFEHMDIERIAERES (Spearman's p) (& 0.5 FRE L MR LY,

BLEU D KBRHLEIEZEZERE L TWEWDHIEHE,
BLEU (3. ERBFRIIEDRBEICEVWERZEZ D ENH S,

R |RIEWISENZOT, BAIBZ5IW . % H % |BLEU
ZHRER |He caught a cold because he got soaked in the rain. O |1.00
B ER1 |He caught a cold because he had gotten wet in the rain.| O [0.53
B ER2 | He got soaked in the rain because he caught a cold. x 10.74
RIBES(AF&FH{fi & DHBADE ) 9

Isozaki et al. 2010, FE S 2011

F I THIBIE. KENREBEIEZZEL T RIBES Z1X,
RIBES (& A F5ii & HBEH E LY,

NTCIR-7 HRBIRICH [T 5 ANFFHH (XL E ERBGEDTT) &
B EEHE D INERIAEES (Spearman’s p)

BHEhsHiE | 35 | Al

RIBES 0.947 | 0.879

BLEU 0.515 0.500
JRXX RIFMITENTcD T, BIBZ5IW\ T, Z M |BLEU|RIBEU
ZM85R |He caught a cold because he got soaked in the rain. O ]1.00 |1.00
B ER1 | He caught a cold because he had gotten wet in the rain.| O |0.53 [0.93
BEMER2 | He got soaked in the rain because he caught a cold. X 0.74 10.38
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RIBES(KBEHEEIEDEE) 10
RIBES IZEBIEDIEE = RX—X & U I8 UE,

BIEDIE S (E. Kendall's 7 & WS IERIHBARE THITE,

SRR - caught E cold| |because got| |soaked the| |rain
3 9 0 11

.,é
i
\

, — \
6 S ¢ 0 3 5 4
HEmER - m the| |rain| |because E

Z DEmERDEIEIZ. [6,7,8,9,10,11,5,1,2,3,4] EWSEHKOD
A NTERES,

RIBES(NKT) 11

BHIZANDS, BHE2DOBDHLTTEIRTDS5, FIR
N7 DEIE%Z NKT (Normalized Kendall's 7) & I3

CDBE. ERN1LEHDZDT. 10, =557 HBIET,
=

FEEIE

FIEZ DL, 6~11 DEFDD Cy = 15RF & 1~4 DEFRD
4Cy = 6 RF DEEF 21 RFPIED T, NKT = 21/55 = 0.38,

NKT Z BEBROBBFHAEICE> THfc & 2 5. AFFHEE S
RN B Z & HYHIER,
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RIBES(NFILT 1—) 12
FES 2014

LA L. NKTICIE, BT 2EESDARNEE, NKT IBEX (8
DYVEHET 2. & WS BENDB D,

< T, %nl:ll_l:l—l—pl ) Oé%%/\oj_}l/?’f & L/TEHJ%O

Lh U, KIFEEDHDECBLIFEHIT EVWSTHAETLET
5N %L_—C BLEU @ BP O § =T %,

U ERED, RIBES EUTORICKDERS NS,

RIBES & NKT x P® x BP?

RIBES(RI5>7TIVY) 13

_ _ _ Isozaki and Kouchi 2015
RIBES [SEEIEDFELEIC K > TRRZFHEYT %,

LA UL. BAREBODEIEIZ. EBHEHES LN TWS,
feEZIE. UITD2 DDOXIEFEUEKRTH D, EE55THLL,

O KERIZKIEETAIL A% BT,
® KIEETAEBIZAILH%E BT,

LM U. ROZBIBEIEFEKENLZTHL>TUESIDT, HFARTEHRL,
© 1 ILHIFKIEETAEE Bz,

RIBES [JEEIEZEHR L AT 2D T, O SHEER, O%HEMER &
ULTHRETDE, BWSICHRD, AFFHEEIT NS,

CHNIIBRDZTBIT TR TE Z SN, BEMERIRD TSR
TZE3FEENTVEIEFRES AL,

Isozaki and Kouchi 2015 (. SHEERDOFRD TS EEMNTZ T T.
(__@ﬁ:ﬁ Ewﬁ*/ﬂ?%ﬁ/ﬁ%hﬁbt—o
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FRK D 538 D &3 5R B EhF¥4i 14
CCET, EH - HEFROBREEFTHIEDEE LU T 1
FKICH BLEU I B ANmDEIKH D, HERE

WMT ‘ Workshop on Statistical Machine Translation H
— Conference on Machine Translation

BET, FUWERBEEFHME O FEINERICHR N TWS,

RIBES &@LU 2010 Flc. 1 Y AT LRscore & WD Kendall's 7 %
N—C U TcBBFHImENMIZICIRESINTWS,

LU, BIEOEWHERE ERBOMRBERTERL TWLWSDT,
RIBES (FEREREIFHTULARL,

2010~2012 FE DK TOEIRBEFHIEIC D W TIE.
LUTOERICEESHTHDZDTSEBINTZL,

FElE © R D BENFHEIEDMZEEIR & RIBES. AAMT /Japio 58RI R R,
P E OB ERER T/ AR R ERIE, 2012

FELHESERDEE 15

o FKTIZERICHWS M TWS BLEU & WS EIER B E#EHmE L.
Hae - ZeHEIER Tld AFF1i & EEHME LY,

o FZ T, EBlEDEZICEB L-BEEHEE RIBES Z12E U T,
RIBES (F A F5Ml & BN E L,

o ZHRDFEDKITARZHWTSRARZEYLI & THAED X
97 TS B,

RIBES [H% - RHBIRICHO' DD 2L < OBIRMARE ICFIAS N

e RIBESZHMBEHE L TFa2a—ZVTITBZENEHLL,

e —a1—7ZJ)LX Y &AWL NMT (Neural Machine Translation)
iF. FREVWDEAENEGRD. NMT ICEDLELRRIVHE,
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FIEMTOTEIERTD—0SavyTD
ANFEFEERD 4T

201611 A 258 F4EEFHFIHBERI VRO DL

7O T EERT —0 37T (WAT)
http://lotus.kuee.kyoto-u.ac.jp/WAT/
* Workshop on Asian Translation

—7>7=nn€ﬂgtb7’;*&*ﬁk§] EREE D —o 23 Jj

- E$E§s I:I:Ilgnl:ls EEIEI:H:M ’r./l‘*“/-yn§~ t-/T’f_EI:Is
REE

—2014F KYRE. SFT3EH
* WAT2016
— 12 A 12 HIZ KB THE (Coling2016 8%
- SEMIMHERRXEEZE
— B1FEEIXGoogle M EIREK

40



WAT2016EHERZ R0

o Rl E T3 (ASPEC)
-B&E, Bed
« $5EF(JPC)
~-HeoE Heodh, BOE
- #FriEECEE (BPPT)
—AURRI TSR
« BBRAY
—EVTA4—CE EVT4—H

MERFR VS MF—L—F

KL company, outside Japan

NAIST Nara Institute of Science and Technology v

Kyoto-U Kyoto University v v/

T™MU Tokyo Metropolitan University v

bjtu_nlp Beijing Jiaotong University Y vV v /S

Sense Saarland University 7/

NICT-2 NatlonalInstl’Fute.ofInformatlon A A A A A,
and Communication Technology

WASUIPS  Waseda University v

EHR Ehara NLP Research Laboratory v v v v v /
ntt NTT Communication Science Laboratories v

TOKYOMT Weblio, Inc. v

[ITB-EN-ID Indian Institute of Technology Bombay v 7/

JAPIO Japan Patent Information Organization v v v v v

ITP-MT Indian Institute of Technology Patna v
UT-KAY University of Tokyo v

UT-AKY University of Tokyo v

# of participants 5 7 3 6 2 3 2 6 0 2 2 2 0 2 1 O
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HQE@U%}EEJr%ﬂER(SMT)O)#%E&

ET—%

N-best
FERHE R

Pl
/RIS
— B \
(Moses, Travatar, Sk
KyotoEBMT) R ENE S

Attention-based Neural Machine Translation

input Fi-1¢ BIER Fi&E % RE 9% <EOS>

embedding
forward LSTM / > / > / > / >

backward LSTM < < < ‘< ‘< ‘< ‘
S s S T maeen O

decoder LSTM

softmax

output we  propose a novel translation method <EOS>
6
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Attention-based Neural Machine Translation

6 EncodedMf= |- 02 ANEED context vector
' ‘ ANX : pE
010878070903 oo AR 2000

0.50.10.20.31.10.2

200 $2 6 g-gg = [0.642 0.338 - 0.603]
0.02
| 003 U 4
Decoder
Attention FEA
EDEEEIC 18E9 D
THZZE 5153'%)#‘{& HER&Z ARk
1H AN EIZE
=1
FEMEERT
7;{ RE =D we propose a novel "t
s [ xnx ] [ wnx
6 7

Attention-based Neural Machine Translation
=
- Encoder - S DRDLLOEES

[0.1 0.5 -~ 0.3] [0.80.1--1.2] [1.50.2--0.7] [0.70.3---0.6] [0.91.1 -~ 1.0] [0.30.2 -~ 0.1]

1000:R 7t
*A‘ BIDEEESD [
HFHRESL

LSTM LSTM LSTM LSTM LSTM

LSTM LSTM LSTM LSTM LSTM_

620:RJT
B BRI

Source Embedding
it iR Fix % B ¥5.
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Attention-based Neural Machine Translation

Encode®M1= - Attention & Decoder -
AHNX
m 08'1_5“0_7“0_9"0_3' context vector
0.50.10.20.31.10.2 0.25 L
DS 88 (oe =3 (0642 0.338 - 0.603]
|9.31.2'0.70.61.00.1 0.02 ‘

[0.2 - 0.8]—>

0.3
= N
----- m»m;‘wrm

Target

[1.70 0.89 1.11 -0.50 -1.41 -1.01]— Embedding [0.01 -
we propose a novel
1DRIDOH HZEFES 9
s
SMTENMTDELDY

e NMTTIXIL—RXT—TILEVSER T TFEELALY
— BETSAAUMNIBELL

 NMTIE, SMTDIIICANXFEE (TJL—X) B
TIHEZFMZHICETRIERLTLWSHITTIEGEL, A
NXERGHGEIRXEFEYH LTINS
CANXEBRRHEHN—LTEHRT A EMNTELL

« NMTTIZAQ (AR EHO FHER) LIS IEE T
BIEETE (ITHIDFELZE) FZITTHLITLS

o FIRDONMTD AT, IBEE R EIEEERIZT
BH1EE DRHIALIE - 2 MM TEALY
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SMTENMT®DELD

s ETILDOML—Z2T 2RI MDS
— 100 A X DXERIA—/SATIALCHLY
— GPUAWAZE. CPUTIZ10fZ LL E BRI YYD
e FIRERA—/INRIZESTHRED/INTA—IUAN
HEERENEREND
—~ ZDREXFEHHFTROONDESIZIEAE-TLVELY
— EDERENDUDMNEIRBREROERICEESE R HKEL
— NEANSA—RESUR LIZERET H=6. ALa—/ X,
FELERETI—=2FLTH, REMGREENERES
_ENHB

HHERFERETE 77 0A
.+ EBETA

— BLEU, RIBES, AM-FM [Banchs+, 2015]
- BEFHEY—/ N\ —ZAEL. SMELFRERZTIRET
HEBEIRIZEHES . BBEWebI RN HSND
o NFFF{Mh: = B[ ST

1. — 3%t BT
« BF—LKEEB N DOFECHIRIER LR AT AE

2. WEFT A ARHL TV SHFEF XS M EN SR O fn B 5T
IEDS>L . [RBEDITEL AN )LD T |
o —xIEEESEHEDFER . H B EEXT L AI3V R T L RICFHE
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— 5if L B4

EVRATLOFRBERER—ZAFM1 (OL—AR—

ASMT) EX T EITEEER

o FHEXRXIITAM YD SE D400

e SADFHEZBEB NN EITR—RATZTA U KYRLIH (+1) .
EUH (1), BIFEED (0) Z 5T

c SADFHIZRELEHLE T, 22U LLASIEZFD XX

R—XAFGAVEYRUWE, 22U THSIEEWNE, Zn L

NG IEXRIEBEEHE

« RIERMIZAATZELUTOATETE
— Pairwise Score = 100 x (B5 %1 - &17%%) / 400

NADIEZELAN)LDEEH

o —xEHEi X R X D55 D200 Z il
« 2ADFHEE NI EICHEFIT DEEICKYFTHE

SRR

5
4
3
2

1

TRTOEEFRHNSEREICEESN TS, (100%)

FEAEDEEFRIIEEICEESNTNS, (80%~)
FHULDOEEBRIFEREIEESNTLND, (50%~)
LD DEEFRIFEEICEZESNTLNS, (20%~)

XENDLILEN, BULLIEEHEIEESN TS EEFRIE
[FEAEGLY, (~20%)
https://www.jpo.go.jp/shiryou/toushin/chousa/tokkyohonyaku_hyouka.htm
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NMTA  OnlneA  SMTA1

S

MTA2 RBMTA SMTB  SMTC

H-oXx

Evaluation Summary of Top Systems

8037 B82.44

NMT A OnlineA  SMTA1

5= 8 & &8 B 2 B B

Pairwise/BLEU/RIBES fAM-FA

§§§¥§§§§§§§

-
=

(=]

15

Rl rE=

Adeguacy Evaluation Results

T g =
- :
|| .1
3
' 3
| g
| 5

NMT A Online A SMT A1
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1=1]

%> H FHmiER

Automatic/Pairwise Evaluation Results

8591 8514
79.82

#3.86 g162 o

= AMJFM

& Pairwise

NMT A - SMT A1 k SMTB - SMTA2 .SMTC1 - SMT D mOnIineA - SMTC 2 i RBMT A

17

%> H FimfER

Evaluation Summary of Top Systems Adequacy Evaluation Results
: E3.66 ' i == wlldie
S = =i
Bk
0%
0% s
(¥
50% £3
ark a4
0% s
m i
0% |
| on
SMTA1 NMT A SMT B SMT A1 NMT A SMT B
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100

B> &l #E R

Automatic/Pairwise Evaluation Results

il 34 6EE2
&0 -
a0 4
0
SMTA 1 SMT B SMTC NMT A; SMTA 2I Online A RBMT A
) 1100
SR} 2300
= RIBES
ML amm 4125
= Pairwise
-60
19
=\ +
H->dh Mg R
Evaluation Summary of Top Systems Adeguacy Evaluation Results
B Adequacy @ Pairwise WBELEU 100 100% ;
L . wdiic
i 18 =1 e
| £ | 7o
| &0 g 0% = L]
g & ' "2
¢ o a
4% - LL
‘20 0% - a5
0%
T 10%
NMT A SMTA1 SMTC o%
o NMT A SMTA 1 SMT C
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100

15 H

1=1]

SR

Automatic/Pairwise Evaluation Results

ﬁ*

NMTA1 SMTA1 SMTA2 SMTB1!/SMTC NMTA2 SMTD1 SMTB2 SMTD2 NMTB EBMTA SMTE OnlineA SMTF

 BLEL (2015) (2015)  (2015)
20 1 sqiees o
© AN
40 | ®Pairwhe
21
f->8 FHEE
=] A
Adeguacy Evaluation Results

SMTA 1

Evaluation Summary of Top Systems

B83.50

SMT B 1

PEERERIRIE

NMTA 1

SMT A1

SMT B 1
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=5 FHlHER

Automatic/Pairwise Evaluation Results

56 g 7
& 97
70 0. : 0 7.
5 s

SMTA1SMTB1SMTC 1SMTB 2SMTD 1 NMTA 1 SMT D 2 Online ANMTA2SMT D 1SMTE 1| SMTF SMT E 2SMT B 2SMT D 2

(2015) (2015) (2015) (2015) (2015) (2015) (2015) (2015) (2015) ¥ (2015)
B BLEY
2 e ines
“ AMJFM
# Crowd Score atoo
a0

23

>R FMmER

[ Evaluation Summary of Top Systems =T Adequacy Evaluation Results
5 g 100 100% - -
4563 . 448 W73 - -
a o ] Hire
0 i T
3 1 & F  eon i
] i B >
31 40 4% -
30 0% .3
1 <20 0%
10 1% |
o 0 %
SMT C 1 SMTA 1 Online A SMT C 1 SMTA 1 Online A
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JPC-KJ
100% 100%
80% | 80% —
.l .1
60% - “¥) 60% - —— 7
40% 31 a0 — ®3
=4 =4
20‘5‘5 .5 20% .5
N e — 0% s S
NMT (2016)  EBMT (2015) SMT (2016) NMT (2015)
BLEU 44 .99 41.35 BLEU 71.51 71.38

T R fitr am SR ER 12 ET

BLEU 26.22 ASPECJE 25.41 BLEU 36.19 ASPEC-E] 3583
100% —W‘ o 100% | ;
80% L2075 o e 80%
Ab.e> w1l -]
60% p— 60% - -2
40% — 3] 0% -
uy 5
20% m5 20% m5
0% o —— — . g P —
NMT (2016)  SMT (2015) NMT (2016)  SMT (2015)
BLEU 31.98 ASPECIC 31.61 BLEU 46.04 ASPEC-OJ 41.75
100% T IOW'—'ﬁ'
80% 80% 9 26.75
w1l -]
60% | "2 60% - "2
40% = - 3 40% i
i =4 ny
20% m5 20% | 13
0% . = 0% = A=
NMT (2016)  SMT (2015) NMT (2016)  SMT (2015)
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WSRO DT

2 ENC

1. SMTIZEWT(5, 5)DEEIEZ>F=HDH . NMTIZH
WTELLESKRBDEIHMEIZE>F-2D
2. NMTIZBWTEBLE2LLTOERM@IZE-T=12 D

- F->H FEFX. B>R-2-> B #ERditamX
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FeEF P—H 1

“RETETERN"(“PCR”) B ATUHE AN G,
REF F'I'\')xv—tﬁﬁﬁ&rm (TPCRDIE. HEFBICKLHBN TS,
SMT IR AS—E EH KRG (PCR) J X, HYEHIZEMTHS, (5, 5)
NMTT & it I(TPCRDIFHEFHICAMTH D, (4, 2)

IN Bk, tnE2eh Rt 4T RIEAE KPS IER(S110),

REF BAAMICIE. RI2(2RT KIS, FTAUTYHEREIFE(S110)EEKET S,
SMT BEAMIZIE. R2(12RT K32, AT VRREIRE(S110) MM Thhd, (5, 5)
NMT B{RRIZ(E. RI21ZRT £SICHE R R TIEF1T(S110), (4, 4)

X Fretn & & EESITHEENIRGHERER D MR EFRH ML SE
(Het{E)RI#Z0A ,
REENSHANEEZMMLEFICRGSNIERER. MBRHABMRDOATEH

IN

REF )y B (HHB) [~ T 275 S 185

oy BEEN ST NEBELEMLIBIBSN S BRE L, DEHBNOATLS
)y ME (HetfE) DEEEE %215, (5, 5)

Gy EEEEDBELNMT SIS NSBREIE, MAHHNDONTLIYyHE

(HetiB)DEEFZ(T5H, (4, 4)

13 P—>H 2

IN REBARAEALUEEEKE, EAdAFIEEYMINZI0-15%(ER),
itﬁﬁlﬂi FEMEEEDO~MISEENZELa—TIVIRBREETHEN
TZ5,

AFEBADFERE. 3—TA4V T BESLIZELIENTESN, Fhld., FFIFERY
DHO~15EENELHDLHIENTES, (5,5

AFEBEDFEFITE-. FEFHERDOHN0~15EENESE)EZHLTLNTEHLLY,
(1, 2)

REF
SMT

NMT

FEHHRS IR AELEHOPG)HI BRI E & 25 102/E XS L M BB B L BB ST LUELR

EYMoHI4FAEX ST 2%

REF XOEBIEFEELTISER MRS EEIR (HOPG) DE/VOA—2702%H
Mo DFFHEXIRER D& 95,

SMTx‘fic‘_—t,'c.—lﬁar‘i=2tL HEEE (HOPG) SO EAE/VOA—27020M B/ =y
ZARAWTMoDEFMXIREHME T HIEMNTES, (3, 3)

NMT.—,EEH*ZL D EREIHOPG)MN SR M T021E . XfRE AL TXREHME T 5=H1Z. X

BEERTSH, (1,2)

IN
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X H-3x 1
IN Hartree—Fock—BogoliuboviEZ AWV TERL-REFRD AR EN TEAT-,
Using Hartree—Fock—Bogoliubov method, pairing density distribution of the

deformed nuclei was investigated.
The pair density distribution of deformed nuclei was investigated using Hartree—

Fock—Bogoliubov method. (5, 5)

The density distribution of deformed nuclei is investigated by the Hartree — Fock —
Bogoliubov method. (4, 4)

IN B FEmEBER L -RFZEFRICLE=,

REF Axial symmetric quadrupole deformed nuclei were examined.

REF
SMT

NMT

SMT The axisymmetric quadrupole deformation nuclei were made to be an object. (5, 5)

NMT An axially symmetric quadrupole nucleus is studied. (4, 3)

IN ZEEMEBRZAVTEEIMEATRENMODAEKFEEZRD,

Angular dependences of the density distribution and pairing density distribution
were obtained with the surface type pairing correlation.

The angular dependence of density distribution and pair density distribution was
obtained using a surface—type pair correlation. (5, 5)

The surface — pair correlation is used to obtain the angular dependence of the
density distribution and the density distribution. (4, 4)

REF

SMT

WX B2

IN BEIZTOWTIE, £Bh o NBiEioT-,
REF On the meal, changing from all support to half support was realized.
SMT The meal became half assistance from the assistance. (1, 4)

NMT On the meal, it became the assistance from all assistance assistance. (1, 2)

IN #EtED, HERIFEEFHEZET S
REF [t takes much more times in excretion and urination.
SMT The excretion, urination, still needs the time. (5, 5)

NMT Excretion and voidance are necessary for a long time. (1, 2)

IN REA—BEPRICEGREZELAERERLEIFICTRE,

REF A man tumbled over in a ski slide and was injured and then had right knee
deformation and pain and so received medical examination.

He had medical examination by pain and right knee deformation injured overturning
during ski. (3, 4)

The ski was injured in ski ski sliding, and it had medical examination by right knee

LT deformation and pain. (2, 2)
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X &—H 1

Using Hartree—Fock—Bogoliubov method, pairing density distribution of the
deformed nuclei was investigated.
REF Hartree—Fock—BogoliuboviEZ AN TEHR LR FROXMBZES E A=,
Hartree - Fock - BogoliuboviiZ VT, EHRLI=-ZDORNEESMETAT-,
(5, 5)
NMTIZZRRDAZEZANT, EEEOXMBEESMEFHT-, 4, 3)

SMT

By this approach, monodispersed swollen styrene particles were obtained and the
fine particles in the title were synthesized.
REF CDAET, BEoBGAFLUEBRA 75, ERMAFE8RL-.
ZDT7TO—FIZKY, BB EXFLUORFNGON, IZRMAFEERL=.
(5, 5)
NMTZDHEIZKY, BERBODRAFLURFZE, B FEE/RLZ. 4 4

SMT

IN No side effect was noted during treatment.
REF ;& e, BIfERIFEROEM o1,
SMT &S CRBIER IE%GE A>T, (5, 5)
NMTREI{EREERDHE M o7, (4, 3)

WX E—-H 2

The liver and intestine were extracorporeally observed through the central
abdominal wall in the gestational age.

REF 7Efarh, FFEEARIDEEZ LIRS BIZEES T,
SMT BT figh /M5 (S IR YR AR 2 & 1T D PR IE EE 2@ LTRGBS, (5, 4)
NMTiEREFDIEERCTTIE, I, BRERXIFIEEE SRS, (1, 1)

IN

Pilot plant tests showed the system gives clean water reusable as feed water to
deionizers.

INAAYNTSUNMIEBHERIE, MAKEEDREKELTHFHARRELANILZNIET
=1-,

NAOyr TS5 B (L deionizersZKELTER/KBFEREZEEZDVATLER
L=, 3, 4)

NMT /XA Ovr TS RRERIZKY, KRORATLDOAEMEEREE L=, (2, 1)

REF

SMT

IN Polonium 210 is found, in an extremely low amount though, in the cigarette smoke.
REF F£-/ROZ L210[XTKHMETHAH, FNIADEDH(CLEFEN TS,
SMT 1z [LZIEAMBH TIELVET210/RA=V AN REN S, (3, 5)
NMT 7Ly 2103BIRRE TIFHHHY, FETETERHEEIh TV, (1, 2)
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(EE JANSY oYY Pl

NMTIX 7 U7 EEDFRIZEWLTHER

NMTTIIEHER X DG S (I EEE (T

= UEREE I SEEE TlEARLy

— XL EEREE (R ERICm L3 BH., ERiRITAFECY
09, EELGRIRICIESEIE HAEL

— EHEREEEEDENERIZE50LY

—1=FIzBI Lo ESIZRICEEEZYRLE HT S

LB DR A EIIT TITIRESNIIBHTLNS

(EE ANSY VAN il

B hEERIEMNGY MR ELT
— FItROFFERETPRFFRTEHEZESNA TS
* https://arxiv.org/abs/1610.01108
- BTl PEEDEESERYDEEMNNMTTILER
SNHIEMNRE
T ZTLHRBENS I --B S EFIERTIIFIH
DEREICKY B RIFEXREFLGR LITRE LN
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SEDODRE

« Za—TFILEERINMT)IXCCHETRBIZHKEL., #
STRIER DB EZELEL TS

s NMTOIIEITFELZRET SAIEEMELIELY

e =1L BEDEESMT)NEETSELFEE ST
WS EIFHEMNT, D EHAEDOELNSHERLY
— YT ERIA—NNZABNDEDIZENMTIESMTEY 550
~NMTOFEEBRETIIRYITEEIZLESEREMLHHH

SHOEL

* NMTZ7O4UMELIZECABHTLNS

— Baidu (http://www.aclweb.org/anthology/W15-4110)
« A< 3K (2015/05/20)

— SYSTRAN (http://blog.systransoft.com)
- 12555 (2016/08/31, B . #. &, (L% L)

— WIPO (http://www.wipo.int/pressroom/en/articles/2016/article_0014.html)
- ¥55F &b, B. 8-> (2016/10/31)

— Google (https://research.googleblog.com/2016/09/a-neural-network-for-machine.html)
« & (2016/09/27) . A X (2016/11/11)

« INBEEIRYEIM?

58



HBITRE 3

“Domain Adaptation for Machine Translation at NAVER LABS. ”



Domain Adaptation
for Machine Translation
at NAVER LABS

waver |L|A[B|S|

Outline

* Introduction
— NAVER MT Services
— MT work at NAVER LABS

* Intro to Domain Adaptation for MT

« Domain Adaptation for MT at NAVER LABS
— IT Manual Domain
— Experimental Results

 Summary Future work

nmwver L|a B|S 2
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NAVER MT Services

naver (L& B|S 3

NAVER MT Service

* http://translate.naver.com

savin Translate Dictionars  User Translation  Encrclooedis

Kacerd it Favoie . Telusie b g aioe

lllllll

waver (L |8 B|S 4
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NAVER MT Service

* LINE Translation bot

lank = 8:53 @ ¥ 68% W

ENG-ESP translator v

Where is the nearest
" convenience store?

ENG-E5P

¢Dénde la tienda de
conveniencia mas cercana
esta? 045

Can | buy duty-free stuff on
Lot
¢(Puedo comprar el material
libre de derechos a crédito? B4
Roadt

waver (L |8 B|S

crats  LINERREIREER
72

UNENEEAR

4

e EEEY
7} Lﬁ""‘ﬁ
HOHES FIEY
:
o
LINE SFLRRF

" D

Zoisted gt=oio @

NAVER MT Service

* NAVER Open API

— https://developers.naver.com/products/translator

— Korean <-> English

— Korean <-> Chinese

— Korean <-)> Japanese
— 10,000 characters/day

waver (L |8 B|S
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NAVER MT Service

» Papago Translator App
— Mobile app service of NAVER MT
— Voice, image, text as input
— Using in-house engines for ASR, OCR, TTS, and MT

Text -

| Voice |

. Image |

Hand |
. Writing |

waver (L |8 B|S

NAVER MT Service

« Papago Translator App
— Android, iOS

R .

Text input

p
papago Voice input

1-to-1 conversation

Image input

nawver LA B|S
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NAVER MT Service
« Papago Translator App

papago: A Machine Translation Service with Word Sense
Disambiguation and Currency Conversion”
(Coling 2016 Demonstration)

1) WSD based on User Feedback
« 2) Instant Currency Conversion

| need a 0
knight. =t

[ 278,950.00
R

Haver LA B|S

MT Work at NAVER LABS
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MT Work at NAVER LABS

 MT Training Corpus
— Most important work for MT!

— Need much money
* Little free available and high quality data
* Partnerships with several translation companies

nmwver L|a B|S 11

MT Work at NAVER LABS

* Traditional SMT

— Phrase-based
+ Japanese <-> Korean, -
» Using pre-reordering method for several languages

— Hierarchical Phrase-based

* Chinese <-> English,
» Korean <-> English, -

nmwver L|a B|S 12
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MT Work at NAVER LABS

NMT

— RNN sequence-to-sequence model

— LSTM, GRU

— Korean <-> English, Korean <-> Chinese, -

— On-going work

— We have opened the NMT service for Korea <-> English !
* NAVER Translate, Papago app, NAVER labspace

Ilﬂll

|

|
|

|
— —
l

T T T ]

A C <@ > z
HavER L | A B|S 13
MT Work at NAVER LABS
« MT Competition
— WAT 2015
* Participate in two tasks
— Korean—>Japanese: Phrase-based SMT
— English=>Japanese: Syntax-based SMT + NMT Rescoring
NAVER 4.77 94.38 NAIST 4.04 35.83
NICT 475 94 .35 NAVER 4.00 34.60
Online 452 90.92 WEBLIO 3.81 33.23
SENSE 432 95.45 [E>]]
[K=>J]
HavER L | A B|S 14
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Intro to Domain Adaptation for MT

nawver L|a B|S

Intro to Domain Adaptation for MT
« Why Domain Adaptation?
— Mismatch between

« Domain for which training data are available
* Target domain of a machine translation system

— Different domains may vary by topic or text style

nmwver L|a B|S
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Intro to Domain Adaptation for MT

(1) If we have in-domain parallel data
— Hard to acquire the data
— Just training

(2) If we have in-domain monolingual data
— Relatively easy to acquire the data
— LM adaptation

— Automatically generate in-domain parallel data using
translator

(3) If we have in-domain monolingual data & general-
domain parallel data
— Select In-domain sentences with sentence classifier

nmwver L|a B|S

Intro to Domain Adaptation for MT

Acquire as much in-domain data as you can!

nmwver L|a B|S
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Previous Work of Domain Adaptation

« Domain Adaptation via Pseudo In-Domain Data
Selection (Axelrod et al., EMNLP 11)
— Cross-entropy based method

— To score each sentence,

* Use domain-specific LM trained with in-domain monolingual
data

— Show that relatively tiny amounts of in-domain data can
prove more useful than the entire general-domain corpus

naver LA B|S 19

Previous Work of Domain Adaptation

* Improving Neural Machine Translation Models with
Monolingual Data (Rico Sennrich et al. ACL 2016)

— Dummy source sentences

=

— Synthetic source sentences

IZD:I 3 translate

naver LA B|S 20
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Previous Work of Domain Adaptation

 |f target domain is not determined

— Mixture model approach
* (Foster and Kuhn, 2007), (Schwenk and Koehn, 2008)
« Combination of multiple domain-specific models (TM or LM)

* MT Process
— Input sentence
- Domain classification = Domain proportions
- Weighting domain-specific models
- Translation

HAVER L (A B S 21

Domain Adaptation at NAVER LABS

HAVER L (A B S 22
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Domain Adaptation at NAVER LABS

« Task: IT Manual Domain Adaptation

— Task scenario
* Domain-targeted translation task: IT manual

* We have both large in-domain parallel data and large general-
domain parallel data

— IT manual data

* Provided by laElg==al

— A translation company in Korea
— Www. ezuserguide.com

* About 2 million sentence pairs

nmwver L|a B|S 23

Domain Adaptation at NAVER LABS

* Method

— Utilize both in-domain data and general-domain data

— Select In-domain data from general-domain data
« Adopt method proposed by (Axelrod et al., EMNLP 11)

— Comparative study
* General-domain
* In-domain
* In-domain + General-domain
* In-domain + In-domain selected from general-domain

nmwver L|a B|S 24
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Examples of In-domain Selection

Settings

4-gram English LM and 4-gram Korean LM
2 million training sentences for each LM
Rare words as UNK

- Top-15
Warning: This computer program is protected by copyright law . o o [

' | : SOl HIE T 22 22t H I} 2| & kol = dkA o}
and international treaties. 80 0 e 22 it =4l gotel 228 waHt
Error! Can't edit a pilot profile with a name that has empty spac 27! 2{20|L} 20| ZEH0| QY= 0|EC2 REAL T2T S TS £ ¢
es at the beginning or the end. ==
For more information, contact your system administrator. ZEM|BH LIRS A|AE] 2t2|210)|H| 22|5HAIL.

Error! Can't create a pilot profile with a name that has empty sp 2F ! 2{20|L} 20 SEH0| Y= 0|ECZ REAL 2L S OLS £ Q&
aces at the beginning or the end. =3
Type your user name and password, and then click OK. ALE2} 0|52t 2SS st CHS &0l2 S=lFLct
You can do the following: CHS 2US S8ie 4~ St
J\?ilzjar;cajve successfully completed the Initialize and Convert Disk ClAT 27(5} QU #38H OJHAIS S2MALICH
This will delete all headers and message bodies and will reset th 2= H2|Z21} HA|X| 222 A5t 2GS A HH0] HE2|2S CHA
e folder so that headers will be re-downloaded. CIR2 e 4+ JUES Lo
\e(c;:c;fgncltght need to restart your computer for the changes to tak I ARSHS ZR312{3 ZTE S CIA| A|ZHHOF BHLICH
For more information, see the documentation that came with y M LIRS HEE 790 A B ARE UM B AL,
our computer.
The time between the most recent refresh of a record timestam BT EJOIACHIIO| Z|Al Aj2 DT} EFOIAEHIT} CIA| AM2 MHR|=
p and the moment when the timestamp may be refreshed agai _.5, Afolel AlzZFerLich
s U = (A=} B

n.
Type the user name, password, and domain of an account with

e UBET e 2|2} HEHS 712 AHO| AFRZ} 0|2, AT, EH|QIS QI2A5HAIA
administrative rlghts 22| AL HEHS 7H A Z Q| AtE 2} |\:|, [= QS UAFIMAIL
You can also do the following: £SO 2Y S alE 4 ASLICH
. ) ) . L : AFO|E 213 H2|2| A= H0{E & 72| AIO|E 213 7§12 HASH o
Site link bridge objects must link at least two site link objects. %uq 21 73 HOt= & 7Hel Aol i41S 2ZaHoE

=] .
Choose one of the following: CHS = SILIS MEMSHLCE

Experimental Results

« Experimental environments
— Evaluation set

* |IT manual 1,000 sentence pairs for BLEU eval.
* |T manual 100 sentences for human eval.

— Human evaluation
* Count of error words
* Lower is better

» Evaluated by laEp==a1!

— All systems are implemented by using in-house engines
* Tokenizer, SMT decoder, NMT seqg2seq, Beam search decoder, -

naver LA B|S 26
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Experimental Results

* In SMT,
* HPB model
* Large general-domain vs. Large In-domain data
» Effect of In-domain data selection from general-domain data

SYS KoEn EnKo
Human Human
BLEU (#Errors) BLEU (#Errors)
General-domain 15.78 = 20.41 =
In-domain 2M 23.64 238 33.17 236

In-domain 2M +

. 23.90 221 33.08 223
General-domain

In-domain 2M +
In-domain 24.32 197 34.80 238
selection 200k

nmwver L|a B|S
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Experimental Results

* In NMT,
* SMT vs. NMT
« Effect of In-domain data selection from general-domain data

SYS KoEn EnKo
Human Human
BLEU (#Errors) BLEU (#Errors)
HPB, In-domain 2M +
In-domain selection 24.32 197 34.80 238
200k
NMT, In-domain 2M +
In-domain selection 27.39 119 39.00 201
200k

nmwver L|a B|S
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Summary and Future Work

nawver L|a B|S 29

Summary

Domain Adaptation
— Required to develop translator for target domain

Our experiments shows

— Large in-domain parallel data is powerful

— In-domain data selection from general-domain data
+ Effective for domain adaptation
* SMT model size reduction
* NMT training time reduction

Need to collect as much in-domain data as possible
Our domain-adapted MT is on-going work

nmwver L|a B|S 30
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Future Work

« Adaptation to Additional Domains
— Shopping, e-commerce
— Shop name

* Further Study in NMT

— Domain adaptation by Integrating In-domain data
selection into NMT

— Utilize in-domain monolingual data

nmwver L|a B|S
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Thank You
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5. In In Proceedings of the Fifth NTCIR
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Attention Item in Translation of Patent Specification (Know-how from Translator)

FHIR (Kiyoshi Kikkawa)

XL®IZ

BB O H & CHIL DR HRBE T O FFT
HEDFEMEZ A —/VT%ZE L, FaR%IC
BETDHEVWIEFEELT LT —2 (SOHO)
T, 30HFAT-oTE T,

Z ORI E B CTE4 2B 6
fRE 2272, ZTNEMT OBRIHENLT
TIELWOTET,

D% TFROBHRESLTHRN OS2
IRFEHTH D, KEOAAMTHRET
ﬁﬁ%@/vﬂvézyfn~&_mbk
o2 b, BIRREOM# A AT FETIEL
LA A ENEE L S,

TR, TOBBICH O LHIET D,
FrZODOEELRBL A | AI(AD% B) X
R (deep learning) °HIBIFHRRIC
AL TTIELLY,
I, A B A T RPEBFE|
MTRHERINTWDHR, AFFEOMHHEA
THERTE RAETR VW, - T, b
RGN LT, RERAER L TWD
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O  HHE RO KR % IEfEIC

H A NI HH & W E D KBNS 7223
Trrat sy ABETH D, KilEIE
MEIZERT 5, AARGEORMEABEK T,
H e RaZE LT, B EEx
EREICHGRT 5 Z LR EN D,
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1-1 (Bl O BEHEIIE—X ZH 2 T\ D)

A recent car includes a motor. —

[—EDOHBHEN, 1HOE—F2HT 5]

DFEE

O ABE T EOE— X & B

L0OT, HAFERmRIC () SHRLT
m< &b, BETIRT,

A recent car includes motors.

?

1-2 (AT ELEZT Ly NMIEMEmRZ T
W5) &, FReD LI IHFRT D &
A camera and a tablet contain a battery.
[—DDHATE—DDHT Ly kR
OB Z A OF% 2
A camera and a tablet contain batteries.
[~oDHATE—DDXT Ly FH
KonoEMEILFlOEK 2
Each of a camera and a tablet contains
a battery.
[—DDHATE—DDXT Ly hD
Ha N 1L EOERZ R DEW,
3 Bt H S HAEE e & IEREC AR & ARE T
% &, BRIz Teach of] #iBFLT 5,

(a7 78, a~r REAT5H
DA =a—%FATND) &,
TRED L DITHEFRT 5 &

A program includes a plurality of

1-3

menus having a command.



EREIE, =0T u s AE, —o0aw
Y RERTOEBDOA =2 —%EATND
e, DA =2 —3—D0D

Aavy FaAT5L 0 BRICRS ?
A program includes a plurality of menus

each having a command.

—ODT T T NIBEDOA =2 —% 5
B FAZa—RN—oDa~vr FeF7T 5,
BB, —oDA=ma—R—o2Da<v K%
FT5H, DA =a—%—2DT a7
LINET D,

TEE DI H ARGEEFR O B & EEC
KT LEHEET D L, FRIZZ2W Teach] %
BFE L CHEGR

1-4  (Thid, BRIBRZAT %00
DIEFZEED) DIEIL,

(ZhF, —2>—DODEFOWRENRLR D,
BONDEFTEED)

JEFEIZ 72\ each of which % #f > TR,
This sends several signals

each of which has a different wavelength.

-
—

1-5 OWEIL, — kLM EE L7

) €T A= A

ZOWEITHEE L LTH,

TR HE T2 < EEUR T BT,
—WRL TR E VD Z L, 10
URL A HEEL D —RbL TN EEE & IR T 5,

o T, Z OWMEITEIRD "KL A& & P,

— DD ZRKL NI D — KL D3 D
BECHIRT 5,
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ATHEH ORI 6, Feffi

@
MRz BB LT, MiVRR5RRT D

2-1 BTNV AELY T BOERT.
FoTNVCOERERT
Yo TVAE, U TINVB L,
TNV COEREDN, BTHLU?
P TNVALY T ILBO - ODEFHD
BEEN, Vo7V COELLEFEL ?
ZOEE, FUTNVALY U TFLBD
EAFFELY 2
2-2 YT NVALBR
FTEMTH L0 E D TS,
P TIVA L BOEFN,
FTEMLL T TH DM E I Diis 2
U TIVA L B, ENEHIT,
FTEMTHDIE D MRND 2
ZoWE. FTEMI,
YT IVALBETRARD 2
T e TV 20
FESITELW,

A sample 1 and a sample 2 are equal.

2-3

A sample 1 and a sample 2 are
equal to each other.
(BHWZEHELWEWIFENZEMZ )
P TIVA LY T BR
DA & L 2
@ AEERAZRES & AEE ORI &
IR TEGR
3-1 (MR DMEIE T & 2 JEEHT 03,
ZOGETHWLILD) &38R HERIT,
BN & 5 F]IERE 1S GEIERRDS --
2 HEIE T & D R ECHY) &R,
JE B HoH = O b O D3RR T
AT 5 Z LB b !



32 (AAvFS1, S22, /—R1LIK

PLABRICHEHE L TV D) 23R4 B BRI,
AA TSI, /— K1 EEHLADR
WZHERE L, A v TFS 28, /J—F1 LK

PLB OMICHHE L T D,

ERERRX A2 R C, EFEo X 2Ky L
TERLZ2TNIEZ B0 !

3-3 ZAUL, BRFEMHELH T AEHED O
fEohicy—rTh D,
This is a sheet made of carbon fiber
and glass fiber.
IR FHEHE & H T ARHED W T 0 5
EbNTZy— FOEK
This is a sheet made of carbon fiber
or glass fiber.
RFERHE F 7213 T 7 Ak —F5
NOIELNTZ > — FDOEK
This is a sheet made of carbon fiber
and/or glass fiber.
JR FERPGAHE B ONSUE AT T AREHED &
fEbhiey—bh (MG TH—HTHA)
HAGERAR 2T Tk, EiEo =20 &aun
AR D T, B OTRD BHEE L TR

3-4 ZAUE, BB AERR S LTS DN R
SN DHEREEE (ReaFIT O R )~ b HRr)
(FFFFIT OHER X)
It is a transfer path through which
charges defined in a region is transferred.
FPToRm»s T2, fEEkIC AR
SHHOEM AR SN D] OE

IEFR  — Itis atransfer path
which is defined in a region and

through which charges are transferred.
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3-5 FFEC H BRECHIRE 2 M e
TN E BEEBEEICEE LD,
T & ATRAEICEE T D

A sample is arranged at a position vertical
to a wall, or arranged at a position
parallel to the wall.

@ HAAGERMICIE, BURARRT 20T
T, TRRO LI BEAFEIZ< v
FAFE L & D D TIEE NS LA

4-1
FULHEEOMEE D= DOIZFHAE X

—  FHX, BEEOREE DR

FUT, BEEOIMED =D RAE O
— FHigL, BEHEOSIEDOTZOITIHAE

4-2 YT nE <y b EORMEICES
A sample is placed on a surface
on a mat.
VoI NE, vy MROFKmICE <
A sample is placed on

a mat-shaped surface.

T — o fERE D A A S 2
FEENHOBL — FTENFROEM

4-3

® HFEMSIOEFECER (HAGEL,
FFEAEL ZEBZ VO THIED)
AFEITHAT L7z B, B> Tz,
TREIEX
When travelling in Hokkaido,
snow still remained.
ENIEICHIRIT L2 5, Bk Tz,
When 1 travelled in Hokkaido,

snow still remained.
FANALUFE I T L2 6, FhiFk-> Tz,
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PRI |

® HESCRIRR OB
2 ORI, KEO AFENFEZE Z B ARRFFT
WCHFE L7 B8 2 Lz, WER 3 0 HUW
(CHGED BN YRR o T,
L2l BfEIC TEo¥ER] L)
RERIDN D DD, ZAUTHEROY B 2
WHEZRBLL T, RAOMEZRRBLE W
IEBHNIN Do T, FGRIRD AL,
Beth DL T. AfLORGEITHT !
AHDIFFEIC
lintrinsic semiconductor] 23& Y |
[EMERER ) NIER, TEOERER] &
RHIFEIZFR L7 T, HIFIC 72 o 7o & HER,

@ MT I ERHEOKBLOTRIE T,
HlloF 2% T, HBEIEERE LTEM
7T-1 FlZE, 8k IEREC TR TE A,
An aperture 1s reduced to

several one —tenths.

TABEZEA 0 O—IZES 7] MNIER

72 AARGELIGEOENE LT,
F5E LR FEDOFENEDEND & 503,
AR R R BLOFEIEIZ & E WD H 5
It is a pack one pack earlier.

[ZHUE—2RID/Xy 7 ThDH] DIER

7-3  EEAOFEROE(MITBEETE 20
RIFWS HTTH) ZERLTSH,
FNEVARGICY NP N ARGy o
[RITNL BTz
(RIS BTLEI D) DX
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BRANOHERNEDS &, BRT S MT 55
%, B ORI IERET B L <
ERT A& Th D,

7-4 TR BAE U781
TRLOHER T, EBIIATO MT 2 IER
TR, PBITEA . TERITER.

AJEOMEBIE, BIEX D &,
AJEDEENE, BIEX Y 5%E0,
AJEDfEE:IX, BIEL Y 5%LL E@Ev,
AJEOMEBHE, BIEL Y 1 0OME,

7-5 Tat least |[ZBFH L 72 K81
Dipl L b —HD~
Dl b TENG 5EZN
Dl b ~LFLES
~#Ha EbIET S

[(CE DT ~DFEH

TE LT ~%%<
TELRETHEAH TS ES
~hb, TELRET TS
TELRET~DELIZERET D

7-6

77 [~FLJE DFH

AN— 2T L2 WRE THINC AL E S 2
FHEFED ARSI T 5

GRS 4 1 CIZe 2 RREITNET 5
U NESIZE RO REORS

® A%oIE EROOOEERSBEHR
(ZBE6R L7RBERI B 2 5 TR RIE L,
MBIFIRRICSLS & 9123 %,

A )T A Rl ) O R R 28 B D RAGR 451
D TR L, AL PWRIEFH 1IT&KALD
£9129 %,
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{tuna@inf, gsl5021@s.inf,
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FFRFIR A S O 72 0 O AT EATRA 2 0 RANTAT 5 12,
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EF—U— FBREB LN, HD2BAITK LN R
BRERDEOND EVWIRERH D, LV EMTHo%k
BLEDFEEAT O Z & BDIREIROENRNT DR DT80,
SEEA AR OB IESDORIGIZ ATFIC L D EER
WL D,

SSFEAT BRI, RO D I BNV EE B
AT CTRY [2] . XV WSEA~E L&k
JERR BB AT AREEND . Uk, BEFOREFC
BRI G SN E T — 2 & L TRV HEREH Y
F2 B L AN HETIENRE SN TV S [3-6].
SHIT L o T OGN STV DR SR D 3K
DIRIZII AR+ TH D, HBEBIEIZ X D HE O8I
AT — 2 BIEE LR, E W oiEnd v, N
FEELE EOKMAERSNLTND.

AT, RO EE FIRITMZ, Rt 3CEkF

DHEIFFEIZHFHLTCF ¥ —LHEHEEORER EE2M 5.

o, BT — 2 BRI HHBICH L, i shicE
i & i L CHBIN T D AL OV TRETT .

2 F2—L

ARTHWSLN TV D RFFFEIL, 3OV IPC
(EBRE5EF534E) , FI, FZ—A0 55 [1]. IPC I 1975
ENRLHWHITHW S EERICED bz s o5y
HERTHA. IPC T, BT 22T % 8
DFHORT v aNlgT, UTI IR, B 77T A, R
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TRY, BIXZ T HOSENFETS.
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EENRINCRBETE S —HT, EIEICBRENER RS

LarL,

nishida@inf,

123

nisimura@inf}.shizuoka.ac.jp
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F 2% — A%, FI O2HENE 21 2600 D “TF—=" |
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ZEOF X — LB E5ENTNAS.

3 BEEME

NTCIR-5 3 L' NTCIR-6 OHFFFRBRZ A7 12BN,
F % — LONHEICE R E Y TR Gk o BBy FE . A
IRFITEN, TAPaLZYa ryRABRESRL TS
[7,8]. NTCIR-6 /3¥H4 A 71X, 1993~1997 FEiZA S
7o B ARABRFFF A MOFFF I L Z AT — 2 & L,
1998~ 1999 4= D HEFFSCHk 21606 {:12% LT F & — L% fF
H358ETHY, 6 TN—TNBNEZATIZBM L. Liet
al. [3] I1XHFFF LMk D bag-of-words #FE M & L CTHWE
SVM IZ K2 38sx HY, E2—BUC K 5FHMET F E
0.4125 % Rk Ui s fE % £+7=. Fujino and Isozaki [4] 1%,
REFFSCHRO A B (B OLFR, A - #HE, ZELH
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BB BB00 BBO1 BB02 BB03 BB04 BBO05
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e il i
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| | /\ /\ Fil GEB A, BALA, BUIbr<) , BICEhE,
AA02 AAOS BBO2 BBO4 BBI2 BBI3 Ei%gﬂ,iﬂ%%%mfé.:n%mﬁmef

| | | THEHLDT LR MLERD, EHEL THHE
BT OREMEEETS.
AAO3 BB03 BBO05

1 F&—2U R NEROH

=, RFEFRPH, BHAIE) 122UV TC bag-of-words (2 & D
A =T XA XD _fEG RS EEY, Zhbaik AT b
0 BRI S E ALY D HIEERE L.
etal. [5] 1 k-NNVEIZES S HFIEERE L, R STk o
FELLE & L C SMART [9] X° BM25 [10] % FV CREAli %
fro7-.

/MR [6] 1, F 2 — AOFERILT — & % VT RE R
Y&, HEARILT — & 2RISR L TR
BICHESEREELZ R LS 729, thidf B L ONFEOR
JEtEE A LI B E TR AR E L.

REARE
ARFFETIE, FFFSORICAH 5 SN2 R&E F X —A4%H
WHEET 5720, BEFORFFCHICAF THEE NI F
Y — AOEEREFE T — 2 LT S ke A
W5, RFESCERAS O 72 0 OB Fik L LTEHT
H5SVM (R— bRy Z< ) ZH, B

bag-of-words (N2, FFFFSCERIC B9 > HERE 2 Mk &
LTHWS.

Murata

4

VR SCRA~ O RMN BB DS, A1 595 2 L & 2o T ARILE T &2
BMIESE 2 il L7 b 0.
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FFEFSCHR D EEEFE O HBLA T

e SCHRIC IR 3 2 Bl sy Br O I HEER 2 < &
ENTEY, BEBMRITICL > TINHOHEL S
FHT 5 L ARAROBERE K N7 — ZADNEE X
nd. 2T, BEFFHBHHEY 2—1
TermExtract® [11] ZfEMH L, HFCika R80T %
HEGEOMH 21T 9. Zd & X, TermExtract (2L -
THESNAEZEEN 20 EOLOEEEFHEE L
THIH L, 26 OEBEENRFFF I BT 520
EOMEFRELELTNZS. 2L, (1) OFMME
EDNT U RELEBTD, (1) TROZIERIE~RS b
NOEEFROMOEEMEZFH L, HE L EEE
DHREMEE T 5.

@

42 FE7ILIYX L

1 DORFFFSCHIZ LD F #— L0353 27z
O, FEHFT—ZIMEENTWE T —va— NiZxt L,
EBEEND F X —sZhThicxd sn08anss T —~ =
— RBNCEET 5. Thebb, 5 F ¥ — L0 EGRE
LT DE, WHEF F— LN E SR E R, J#
BEDT —~a— KB E S, 2 OXRF ¥ — L0
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% http://taku910.github.io/mecab/
3 http://gensen.dLl.itc.u-tokyo.ac.jp/termextract.html



T _CTERAL, ABITRKCEMNED 2 oK) T
U NIRRT 5 [3,12].

Fio, F ¥ —NIBEEBELRL TEY, BHrBERe
HBRBMRIZHT=D L D7 F ¥ —2REFICf S Ehd 2
EEHEY V. ERO LS RGE, FAO b O EAL
DR ME L & BICBRN2 0 E R~ T T20, R
WBWOEEERFREBE L, ThNObLOERIRLEH
PIAMFIBRA T 2.

5 FR@ZEER

RRT—4

NTCIR-6 DT —HF a L7 a &ML, 1993~1997
FRICFAT SV FFF SCIR 2 FIBRT — %, 1998~1999 4R
FITEINTEbDETANT =2 L35, TANT—HIZ
fHhasns7—~a— Rt 108 FEH D, AFEKRTIX
ZOHND 2087 X MIEIRL, TOT —~a— R
5 ST RFF SR Z RIS & T 5. REBRICH 2 20 O
T—va— NIZEEND CERES L O 1 TR 5 s
TeF 2 — 2 aR2ITRT

S %

TART—=HIZBWT, BEFIEIZL - TGN
F 4 —ALAREMGEISNDRETEMF X — NI LEA
R, HHR FHEAHELF 2 — A B2 30T 5.
FNENOIEITLTOXTERIND.

(HEE L7Z F ¥ — AL TEMDO L DDOE)
(HEE L F Z—20%)
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(Efi#D F 2 — L D%
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AR EEE

F72, F ¥ —LOMEMEEZBET 205G L LW

BDOREEIZHONWT b HERELT .

53 #R

£ 312, 20 DT —~v3— ROWT N EFFOREFFSCHR
BIRICKIT DGR, BHE, F ELRT. HEE LT
bag-of-words O tf-idf DA% WG &, HEGE
FHEELTMADHZ ETHET D FZ—28n#mL,
HEREOYEN A LN, — )7, HAEOKFICEY, F
EIXZEFAKHEICE EE o7,

T—va— RZL > THRBITRY bV, 72 & 21T,
T —~a— K 3H045 (BEA 7 ofilE) &7 —~=
— I} 2C088 (WiERKEEME (~NFrra%) ) OMENLE
NEIN 1222, 7794 THYVREER D, Fo, £4, £

5.1

5.2

e =

F &
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* 2 EBRICHAWET—%
S — 2 D CHRER 45631
T A NT — X DR 4012
1 RIS 5 S F % — A8 S 8.37
K 43
e/ 1
# 3 F¥—LHfEERE
Fk WEEZE | @E% | BHE | FE
1)DF L 0.227 0.394 0.288
HY 0.242 0.379 0.296
AT L 0.204 0.490 0.288
FETIE) | v 0.219 0.465 0.298
*£ 4 T—~v 32— F3H045
(BRI AR > 7 OHIE) O F % — LHfEERE R
Frk BESE | @eE | BB | FE
)P F 2L 0.353 0.353 0.353
HY 0.373 0.341 0.356
4T L 0.288 0.461 0.355
FETIE) | Y 0.312 0.431 0.362
# 5 F—~=a— F2C088
(HEREH I (XF o a%) ) OF ¥ —LHERSR
Frk MeEERE | EAER | BEE | FHE
()P F 2L 0.070 0.496 0.123
HY 0.082 0.477 0.140
2C L 0.060 0.577 0.109
FRETIE) | v 0.073 0.541 0.129

S5ICENENOEEE, BEE, FEELTRT. WInbHi
BRI E Lz, 7—~3a— K 20088 TITIEfED F ¥
— LB E AT B L2 F # — BB RS\ T2 DI
WEARIZE EED, F EOWEIIW =521 o72. 20
DF—~va—FKD>H, BEFIED FENRKRIZST2H
DX boTec. EHIZ, T—~va— ROMNEHIZIT T
<, ZIMHLRERBEND F X —2CbiE5KICHLERD

D, FET—XIZBWTEFBBIRHIZ D720 F 24— L0
FETD. Z0O8RE, TAMF—2Z2HOWEHET, 4

% F Z—AF—Eb SN2 L WO fERBZ LT

54 JET—2NDENF 2 —LONEHKTE

7=~ “BEHIINL” (3B045) TIX F % — L7338 197 ffd

D, D55 3B045DA20 (FEHINIT.DOIRE> - FEM T Er
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FER, TARNT—HICEENDT —~ 32— K 3B045 ZFF
OEFFF 193 T RTIZOWTHEF ¥ —A3fI 5 /e

ol JIRT =5 3L, 2ABERT R 27
LWVIOFENHE T D23, TA T —=ZD 1T “IEH
B RN D2 ETEANTHL D ENFRENT
BY, ZOBAICHNTHERDS B LAbol. £,

AT — &@iﬁ&mm&wtw fth o> HHEREEHE DAL
NS 2SO O @M% L LU CH% F ¥ — 4
BTG END Z EBbMBTERVY. 2O —ATHE, F
H—LAD B LWORERAEERAL, 24K LH
D& L8 % VTR 2 & W ole FIER KNI/
HrEZLND.

F72, F ¥ — 1 3G023AF04 (PNIRKEBIIRIEETS > k1 4 &
T AR > - A BERE) [2 oW T, BT — & 51,
TANT—=Z 2HRZORFEENTEY, TART—4

DWFIUTH Y% F Z — NI G Sngh otz JIT
—Z DLERDONL DN2iE “[FH” , P A R 7?

DFEANEENTWEN, TA T —XDOXERIITE £
NTELT, BRIIXEOHAL LORICL > TORSH
TWb. ZOr—AL T —2 B A+ ThHhY, Zo
F % — AITHREEI e EEEGE O IGEME S A DLW T2 bR
FIETIHE LW EHEENRERFITH 2.

6 HbHUYIc

AMFTECIE, FEFFSCERICHRT L CRRF DS F 4 — 2% H
BT 53 5728, ReEFSCEk O EERE & H O 7o B
FEPFEEARRE L. THEEROKR, 5372 F &—
DA S HERALYE LA, F EITEEEOB
JNET & HRFEIKEDPEREICE EE o7 F, FIlET—
ZDBHIRNF Z— L DOHEEFRERIZOWTIHRAE L.

LSBOBEE LT, JET—F DLW F Z—2OH
FENIET 5720, FZA—LHHFBLOF Z— 203K
R L CTYREF & — AICBHET 25802480, F51FC
Wik & T 5 B ERFT 5. £z, 7—~va—FKI¢
D F Z— L0504 & A HEEICRIAT 5 HiEbE 2 b
5.

S 3k

MSIATBOE N LEFTAHERG ) - IHERE. (2016). 57T
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