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¥EE : End-to-end HHa8dkI%, TOBETHEMZZ Lo —RKNIZARDDDH D, L, FEEIEEIC
EBTDHI N, HROGEETFTNVEEBEBETIVOMAZMINA Ty RFEEI D EHEIZRS., &b
biF, HEEIH O end-to-end Y AT AIFE T —RIZEN G o ERZH TR LIZTER L. 2
DRIEIZ ﬁ%?é#b XFHALD end-to-end VAT LAPREINTWBREDD, ) 1 ADHEEZITP

T, HAINZHEPBTUESHEMNIELVWED TR BRI L WS HENDH .

ZhiETa— N

RHICRHEEPSBET LV Vo SR EZ RV T VWSO THD. DIITANRILRDI DI DR B

DXT< s, HRSFHLEODH TIE, ARVGHEY ZEEST 570
7 —2 (scRNN) BMEEINTWS. scRNN i, HE V\]@j(%@4l§5(’%)\j]&b R

WA TFHERN=2—F V% v b
IDaHHEdT 5

HDTHS. scRNN IFEHE D OAIENEZ LT TWD D, ITNEFEBMICEAT 28121, HREL
MIEELIRD, ZZ Tk, A - B 2F BT 5728, connectionist temporal classification 2% it
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1. EL®IC

PERDEFRMIE, BEETIL - SEETIV - KGR
W TBDE T IV EMAGDE CRBETINITY v R
FER LML TWS [1]. EEMREEEER (deep neural
network; DNN) OFfFZEDERIZE D, T DOFEZE IS
5 k% 72 end-to-end(E2E) BLOFE%E L 5 2 AT LB RE

FnTw3 (2], (3], [4, [5], (6], [7], 8], 9], [10], [11], [12].
E2E Y AT LD EIFET ) VI mZ y, Fa—FK
MHENWZ L ETERZREL LWL THSE. ZHIFFE

FEED S ¥ VY RIUANEBENICERmT S, Y VRLe LT
&, &3 (3], (4], (5], [8], X [2], 3], [6], [7], [11], [12], H
(9], [10] 2 EHEDNB.

XTFHALH B\ WITHEERALD B2E ¥ AT Ak & 0 Bkl
T, EEETNVEMSIMAINMRTaI—FT 4 V72 pEE
uam[]m INEFETVEEDOIANENT VDO

WS 5728, B SEAOMEMAMNBEHREIZRS 20D F
MH5 (3. LALLM s, F—RDAN=AMIT LD

L FuY—=7454—7K7 Y
HURAE AR EA 2-15-1 /R 7 1 A X 7 — 28F 150-0002
) ytachioka@d-itlab.co.jp
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E2E 13%#8 7 — ZITAFE L 22 WEEEEA (out-of-vocabulary;
O0V) HEEIZ %wamakﬁﬁ%é FIHFREZR G T —
AOR, FEZOFoNEZXEORLD BIEENITABN
728, OOV HIEEIFIMEDNA TV v RPEL D HEHEIZ
FHNn5g., BIEHEAMAO EE Y AT LARETNUANDOTIELD
LT I— RBEWA, OOV HGgEEZ T2 LN TER
WODT, XFHREAMD E2E VAT A AGHETHES Fik
BREINTWVWSD [14]. XFHRAD E2E Y AT LATIEID
ﬁ%%ﬁﬁé:t@?%éﬁ,%%@%%#ﬁﬁiﬁ@%
DIZHARTITN D, /1 RZ&>TEYPTWV., Hlxid
S5HEIHZRT LD, ARV D LD RED DHFHT 5.
HAS LI O DI T, #HRHEMEIER (neural machine
translation; NMT) A A < b TW3 [15]. % LRI
NVA—NAHKHBTED RS, MREKHEIC X W7
G (BR) ¥ E T e TE 5. E%ﬁﬁ@ﬁﬁ
AN, EEI~VEHIE LT, NMT €5V %E XN
DEHE LTEET LV, ZOBERTIR, HERME
SRIZEZTUE DD, %< OF AR D IXHF 7
DT, BTLHHIOFENEYTHRVWEEFEZ OGNS, &
HOEBIZEWTH, NMT A5 2LEHHRVI L E2RT.
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1 Structure of proposed end-to-end system with scRNN

- H

based correction on top of ASR system.

IR LT, ARVED ZBIET L7720, AU BHRS
FEANE O T, BAXFV ALY =2 —F )3k v b
7 — 2 (semi-character recurrent neural network; scRNN)
DRI N [16]. ZHIEANE XM ICESE YT, ¥

SRR TR 2BIETES. HSDERTIE, &
A2 B AMNRFIETERLT, REEOVARIVER
DIBEMREZRLZE LTV,

scRNN (X HFES HEEDOE D 72D EBEE D Uk > Z
EMTER. HHERmDIBUEEIZM S 720121, 181
DHGENIEAF S NIV - HIFRGA D (26T 2 B EA
H5. [16] DEERTIE, A - HIFREED 3 REL T
WEA, GHEBEHTIETOISRBEYIEAET S, scRNN
ZPER L CZ OB T 2720, T 2 TIHZEHHES
B EHERAEEAT S, BRRBEr6AD L, TR
HMORBMEENRTE BDT, scRNN TIZERBIZE 2%
RE/OND (1T VWS LHTES.

AT TO XS I EhTw5. 2ffiTtiy, 22T
BH U XFRAD E2E FEEZMENA L, 3HITIE scRNN
cowfimé scRNN % G H il #H T 5720, 4 #

BHHER S & BEEE S % scRNN IZE AT 5. 5
m@%ﬁfi,k%&@ﬁm%%20®ﬁﬁé%%£u
:t—/\"XL:ﬂb’CE“T I$%5 4 ] CHIME ¥ ¥ L ~

@6%t%if@%%ﬁ&&x7f%5 520
ﬂmLmM:—nzf,_%bikmﬁk%%ﬁm&&
A7 THDH. TNODFEFRITEY, NMT iZiFe A LHH
BODIZH LT, REOHLIEE U7z scRNN Tl HLEE 1 fi#
REBMOKRIZWELR SN,

2. End-to-end EFE25
ZIZT, BHREONXFHEMNMD E2E VAT LARZR—2F

A4 v UTEHAT S, E2E ¥ AT AlZ connectionist tem-
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poral classification (CTC) [2], [3], [5], [9], [10] & {FiEHEHE
(attention; ATT) [4], [6], [7], [8] ® 2 HEHIZHHTE 5.
B1OF2BE, FEShAzya—X - Ta—-XThHb.
ZZTffio7 BE2E Y AT AIE CTC & ATT QiS5 Z #5 &
LTS [11], [12].

ANTET 7V —LIZFE D2 E58RHE z,...,27 T
Hb. TVIA—XE . ZEZTHWY, TV EONTHESB
hygp ZEMT S, 22T, HEEORET, T I3BT U
HTE i*ﬁ(b&h\. CTC o iiE, TV EDF VR4
Y,y THB. CTC X, XFEEINVET OER
ZMiTE S 5720, HHLTP T NI IRL X F &
KI5, XERY| el d 5 CTC ORI

Z H Oh, (@) (Yrr) (1)

yev(c)t'=1

D&, INVEy THYTHD EIREINTNWS., T
ZT, Uik, XFRI c2FEHTHT EOTRTOINR
WRI Yy = y1, sy oy PRATH D, 0p,2) 1, T
Y aA—=ZDHI hy (x) TRMNT I N, TV y 125
TEY 7RI AMATH S, BIKIIZ, CTC 13421
FlE OB L X FEREIRLZOL, X7 EH LT 5.
ATT DL, L EOXFER ¢y, ...ycp THH, XD
BiiEL S (bos) & X DAL S (eos) &L, ATT D)
FERIX, ¢ =bos BSIEH T,

HP Cl/|h

'=1
DEIICHRETREINS., 22T, hix, TVa—X
I hy, . hp ZRRIZHDTH 5.

INo DI XFREATHHINTVWEDT,
LE@ﬁﬂowwﬂ%Kﬁﬁfié.DtLﬁ,

L= jwj+L—1CHENT SN, |w)| 1ZHE
w, FOXTFHTHD. ZOYAT LTI, BRIARSEE
HF 2> TWRWDT, HHBEERBT LS SFEMNICIE
U<V, EBE, BE2E Y AT LDMRRE, &< HEEHRDFE
(word error rate; WER) Tld72 <, XFFRD % (character
error rate; CER) DBURTHMlizhd. ZHIZSFEET N
EESHERIEL KL T, CER BB LRFARETH>T
H WER EKIFIZENE WS Z BB 0/{E0LTHS.
CTC & ATT W& DR R EIENT D, THH6D2ET
VOMEPREINT WS [11]. BECTERY] ¢ 3t d
LXNVFRAT L

Pere(clx)

Pyrr(clx) = )s Co:(17 1)) (2)

L=-)In pCTc(C*|il?) — (1 — )\) IHPATT(C*|QII) (3)

oMb d B, CTC KR EHAMETIVITY XLIZ &
DE b= IREABRESNED, TRV %
KELTWE T, INVEHOKTFEE2ERT S LIET
RV, ATT I NV OKFEEZBRTH I L idTE
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59, ATT EFNWVIE CTC EFINV L O I 5 HIK
NEHNDT, /A ADEEL2ZFTRT . CTCETIVOD
FHEFMBAAZ L LUTMHS Z & T, CTCIZ & 255108
RVFRAZFHDODWHR 2 HD DI LN TES.

3. WAXF)ALY
7 (scRNN)

FARSHENE OB TlE, ARIVEY Z2EBIET 5720
SCRNN 3 EIZV ¥ VTV D IR 2 Y TTREI N,
X VTNV IE, BEEDOIRD DD OXTFHR—ET,
HEOXFDOANERRD ZE I L TWVWE LI LD T

%. #1213, Tcharacters] % [chraatcres] @ & 5127

h=a—-35)bRy hT—

BHYTHB. THIFHERERAHER L 2T V0 T
B [16]. ZNEEFULT B0, XFERIBLD, &KbY,

M D 3RO TENTNG 2 IS .

X 1D EEHE scRNN 2777, ZAUEEHAERBRO MWD

FEA W, wh S BRI I FEET O U R B2 1T
D, BIESNZHERI wy,...,w, ZHEITE. AHIRZ b
VORTTIET VT 7 Ry N EEREE2EUXFHD 3METH
5. ANibkeld, 7Ky hRIZMVTHY, i 1ZBARR
I MVTHB. FIZRIE, AJIHGED [speech] DS, T
EFNORT bViZb={s=1}, z:{c:l,e:Z,pzl},
e={h=1} D& 5275, scRNN "D ANIFZ 15 DfE
BRI M [byise] THB.

XL ) A XD EEZII R TV, EBEBII ST
0 HRERRAREMED D S, BV E WELEEIN U R
EVETT 200, #0IELFERPXFOME L Vo724
AOVERD HSEFET ARBUC BWTIE, /1 RiitEr g 3
PE LNV, koT, 5HIOERTIX, XFHE1 TLHE
x4 T7OMEEZ KT 52 2129 5. EBER A TD
AIRZ ML, b eldA—T, i={c=1l,e=1,p=1}
THhs.

STEEN T VI URGEITINZ T, BEESEDX
FREETV VI ULEGELHIET S, HlE, Eidoflt
i, AJiIRZ vz w={c=1le=2,h=1,p=1,s=1}
PEZOEMBEw={c=1l,e=1,h=1p=1,5s=1} D&
2129 5.

4. BERBORFBED=D
EHEEEDEA

B2 Tl, #Ef- AL 2 BEOBED 4O %
RUTWA. X2 (substitution) O EHF D B L Tk
scRNN 2SEHMNZfZ 5. ASIXGHERBIKRTH 0, m
DIEMTHS. FALBHERDIZELU TIE, scRNN T
1 1 OHEESED BT R 72, REE L IEfRO M O HEE
ROERZRINT 2H6END 5. b EH R LIEITRFA
CHIBRGR D 2T B (ign) T 27208, HFED XR% ik

DE[HEFERLS
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ignore | blank blank+word blank+word
: concat. concat.
(ign)  (blk) (bcl) | (b+c2)
Substitution
Hyp AB A B! A B A B A B
vov vy vy Vo
Ref AC A C A C A C A C
Insertion

Hyp ABC | A C

Ref A@C A C <blk> <blk> <blk>

Deletion 1

Hp A@C A C: A C A C A C
vy vy Vo vy

Ref ABD /A D' A D A B+D ' A B+D

Deletion 2

Hp A@C' A C. A C | A C
vVoviov oy Vo
Ref ABC /A C! A C | A B+C

> o« >

¢
v
¢

2 Four types of blank word symbols (blk) and word con-
catenation in training stage, where hypotheses (Hyp) and
references (Ref) are aligned and @ is null symbol. Input

and output to scRNN are Hyp and Ref, respectively.

LTULES.

Z I T, CTCIZE T 22U 5T O HEERL T (blk)
EEATS. FA - HIREAD IZBEWT 1A 1 THGEMIGE
BE720IZZDFFEMS. K 2 (insertion) DHFAGAD i
HIBRER D L b WP T WV, ERICBIF 2 EHHEELS
%, HERMINSIRO A R BEEMNT S, MR T T v
2 (blk) i, FAGRD OAIZIIGLTE D, HIFRGRD I3 fE
LT3

HIFREA D IZ6 LT, ZHBEELSIEO2NA RN, T
MR AR A I HIBRER D R Z o T 0B Z e 2T 5 2
CIFHEL WO THS. EETFA & HHERIIEOM
D11 DHEENIGEIND 720, EROHELFEGL, Th
o 1 HEEL LTS BEEkia 2 r>. 22 TI%, 28
DHEEES Thtcll & [b+c2] 22FT 5. X 2 (deletion
1) T, HIFROEREDHEEMRH & ERTIE—HLTWA

W REIHRO “C7 &, EXho “B D7 ICBEA T S5 h
5. ZhiE Tbtcll Tb+c2) OWEFICHBL TWD. X
’%%@W%%Dﬁ 256, MEHEOREINELRY,
HEEREAIFIFTa—NAFIZEHNR N & 05 HEEAE
TTé.$ﬁf 3, MAaHERORKMEEZ 22 Lz, X2
(deletion 2) TIX, HIFRDEZRDOHEN—HLTWVDE. “B”
EREL TV AR H 0, LTV, DRIz, “B”
EMGTHZ 8080 KWVBERBUICR 20 8EE DB, Z
N Tb+c2) THB. ZOFEIIFHEMD B2E L 45E
U7z BEEHALOD E2E[14] 2B @G L 5 5. JOR LTI
AFHEICLIDEFAHARO ZBIET S t#f%é@f
W FEN LR ERE DL B VWS 2N TE S (17].
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REF: Senate finance chairman Lloyd Bentsen D. Texas said he would speed up work on the package because of the crash
e2e: Then a finance chirman more fenseled the fecials said he would steed a work on a packed whe case in the proble
scRNN: Then a finance chairman more festive the fails said he would stood a work on a we case in the problem

NMT: Then she could board at the beginning to his government plans and when the policies was produced their their threat

B 3 Samples of error corrections on CHiME 4 evaluation set. One substitution error

(chirman — chairman) and one insertion error (“a packed whe case in” — “a we

case in”) removed.

unsuccessfully of course
on successfully of course

on successfully of course

with these genomes of course on

REF: You know I was already bargaining as a five year old child with doctor P to try to get out of doing these exercises
e2e: You know I was already barganing at the five year old child with darker pretty to talk to get out of doing these ext eyes
scRNN: You know I was already bargaining at the five year old child with doctor pretty to talk to get out of doing these ex eyes

NMT: You know I was already married at the old number of my family dropped to me was going to get to some sense

B 4 Samples of error corrections on TED-LIUM test set. Two substitution errors

(barganing — bargaining and darker — doctor) removed.

5. End-to-end EFE2FHEER

5.1 SRERFH

20D —NATREEOEMMEZMEEL 2. 1 DDD
a— A%, 54\ CHIME F ¥ L > ¥ (CHIME 4) ® 1ch
FowoThE. ZNIXBENEHEZAHETHY, HFrARHA
FHEIFHOTWZW (18], fREHKIK, E2E Y AT AFEE
NH5T—RIIHEEZIPTVOT, BEE NEHRmIC
BWTEOHMRANTHELEZOND. 2 DHDDI—/RA
¥, TED-LIUM 2 —XZATH Y, ZHIFKFEREL S A
RWR AT TH B (19]. FH - B - FMli v b AFHO
I—NRAZHBEINTVS.

espnet Y —)LF v NUERIAL T, &/HRMKG %5
72 [11], [12]. W2 =AU T, NEDAZ Y 7 k% F
AU, ZOEE VATLRWDREEEETFNLRHED
FMALTWARW2, fEICEDS ATT 2FHL, 2=V
FE 320, A2 05 & L7z, TaA—FT 1 VIHRDOE— A
YA RF20 & L7 EEIhEZFa—-—X—Tl&, L2E
EEMEEE (LSTM) & L, FTEOH%Z 2 7LV —A4I2
LEASI LT (T705 T = T/4).

scRNN DFE#IX, vy MIBEN-HETHEL -
728, B - FHilit v M2k, OOV HEENRSH 5564 TH
5. Fil7e OOV HiEEEL S (unk) % scRNN IZEHIU 7=,
scRNN 328 F—&izk b, I =y FH¥ 1 X256 T,
650 21=v PO LSTM 5% Kavw 777 +& 001 T
FELU, TRy 7T 15 &L, Adam [20] Z{f- T, #
HHREZPFEELZ. 22T, [16] DEHESITEDRHTH

TWBAZ )T SBEBELTHWEZ. 2 20AHRS b
WA T, BB B L 7. AJISUFERA T DR
JLIE 50 THY, TAVT 7Ry b (az) iS5 (N1 TV,
AV, EUARNE)POBEINTNS, 3DDRLEX
A TDXFH (bie) 2 A& T % scRNN & HigE 2R D
(w) Z AJIIZ9 5 scRNN Z ik L7z, M2D k51T, 2
HHFEGLS L A2 A DO AIETHEA L. “unk” &
ZEE GRS IZHIBR L TH SR L 72,

ZAUTINA T, seq2seq Y —)b¥ v h*4%&{F 572 NMT|21]
CREEELMRUZ, ZOETIVIEH 0 HRiIKE
ZIREEE, EMXEZHWNSEL TH5RERD L5 ICFEEHT
5. NMT IZIEf#EREHUE (acc) & bleu [22] Z:¥E (bleu) D 2
DORHEIZ L D FE LT,

5.2 CHIME 4 F+ L ¥ (1ch track)

113, CHIME 4 Bt v MIHd 5, HEEEMR (C),
EHR (S), HIFRE (D), AR (1), Y%K (B) % TH
5. HEBEME (C) UM, EWBUEA R WIEREZ RT.
ZD%E, NMT b EREAMRV. EEEEDIZS
bleu ¥ L D EETRIFTH o7, W& - fi AR D EUZ
FIER—ATA VEFAFETH O RS, BRI BULE
FIZHZA S, NMT Bt ORBREEFL TV RVWE S 2 d
DESRXEEZRIOHLUTUES. 1 X472 0 OFIGHIGE
R, R—=2F 4 (16.3 B3E/3X) & NMT(15.8) TIFIF
FELW. scRNN (1D 2-5KH) X, "R—AJ71&D
LERWHEREZRLTWS., TRTOLAT, HBMEXA
T (D) EHITYNRA T (o) ILE o SUFRIIKT S

*1 https://github.com/espnet/espnet %* & FilFH Al &
2 EEHARRER [11] 2SRRI NV,

(© 2018 Information Processing Society of Japan

*3  https://github.com/keisks/robsut-wrod-reocginiton 7* &
ABE
*4  https://github.com/google/seq2seq %* & Il FH ol #
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% 1 Evaluation of word correct (C), substitution (S), deletion
(D), insertion (I), and error (E) rates [%] on CHIME 4
development set. Inputs were whole count (w) or sepa-

rate count (bie). Input vector type was Boolean (b) or

counts (c). scRNN has four types of inputs and outputs
in Figure 2. CER of baseline was 33.5% (real) and 33.7%
(simu).

Env. real simu

C S D I E C S D I E
baseline |41.9 49.6 8.5 6.6 64.7|44.0 48.1 7.9 8.1 64.0
ign(w,b) [41.8 49.6 8.5 6.6 64.7|43.8 48.3 7.9 8.1 64.3
ign(w,c) |43.4 48.1 8.6 6.6 63.3[45.6 46.4 8.0 8.1 62.5
ign(bie,b) [43.6 47.8 8.6 6.6 63.1|45.7 46.3 8.0 8.1 62.4
ign(bie,c) |43.9 47.5 8.6 6.6 62.8(45.8 46.2 8.0 8.2 62.3
blk(w,b) |41.7 48.9 9.4 6.2 64.5(43.9 474 8.7 7.7 63.8
blk(w,c) [43.4 46.3 10.4 6.0 62.6|45.6 44.9 9.5 7.3 61.8
blk(bie,b) |43.7 46.2 10.1 6.0 62.3|45.7 44.9 9.4 7.4 61.8
blk(bie,c) |43.7 45.4 10.9 5.7 62.0/45.8 44.0 10.3 7.0 61.3

b+cl(bie,b)|[43.7 46.4 10.0 6.4 62.845.8 44.9 9.3 7.9 62.1

b+cl(bie,c)|44.0 45.9 10.1 6.4 62.4|46.0 44.7 9.3 7.7 61.8

b+c2(bie,b)[43.6 46.0 10.4 6.3 62.7|45.7 44.4 9.9 7.7 62.0

b+c2(bie,c)|43.8 45.2 10.9 6.0 62.2|45.8 44.0 10.2 7.4 61.6
NMT(acc) | 9.6 80.3 10.1 6.2 96.5|11.1 79.0 9.8 7.4 96.3

NMT(bleu)| 9.2 80.9 9.9 6.4 97.2|10.6 80.1 9.2 7.9 97.2

J A XDOHBIBENTHS., EABELSZ2EALL
scRNN(blk) &, Hibk - #AGRD % M4 U 72 scRNN(ign) %
EEBMEEEEZ R LU, Z0UE, ignid, “unk” ZHH1T 3

LA UAMNE, HIFR - FAGRD B E RS $ Z & AVHEARNIZ T
ERVPSTHD. IS (btcl) DV H RVHGEEMR
RE/H, 2EKMIZIE bk R ED WER 2572, B
7RH S b2 1 blk (28 o7z, AR D (KR IL, AR

W2 U T 15.7%, EEED I U T 9.3%, HEEE DRI
NUT44%TH o 7=,

# 2 1%, CHIME 4 #Ffit v M9 2 ROl T &
5. MEMILFRETH S, NMT b, scRNN (X315
T, BHHEGELSOEANIAENTHS. bicl ITHRED
EffRZE-—7F, bk IdHEED WER 2157, HHXIET

HEEIR D R 3.7-3.9%WE L7z, 31X, KiROV T
ThHh, ARVVFED DK D 7RFR D “chierman” X “fenseled”
P E2E OEFHIFHIZR S NS, ZOHA, 1 DDOERGAD
1 DDFAGAD ZID RS ZEATETVS

5.3 TED-LIUM

% 31%, TED-LIUM 2 — S 2 12%3 2 RFED i % 7% L
TW5. NMT OMEEIZR =25 1 VIZEART & THEL,
EHER D BT 3155 <, HIBR - AR D BT 2-3 f5R— 2R
SHAvEBW.

FnLsoMERIE, CHIME 2 — SATEEIZ NS D
ML THSB. scRNN 1 WER Z HHXHE T 1.2-1.5% K E
L 7z. TED-LIUM % CHIME 3 — /S 2|2 Fh R T HEES A

(© 2018 Information Processing Society of Japan
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% 2 Evaluation on CHIiME 4 evaluation set. CER of baseline
was 44.1% (real) and 41.7% (simu).

Env. real simu
C S D I E C S D I E
baseline |[31.5 59.2 9.2 9.6 78.1(34.8 57.1 8.1 10.0 75.2

ign(bie,c) [33.0 57.6 9.3 9.7 76.7

36.5 55.4 8.2 10.1 73.6

blk1(bie,c
blk2(bie,c
blk3(bie,c

32.9 55.4 11.7 8.3 75.3
33.0 56.1 11.0 9.2 76.2
32.8 55.5 11.7 8.8 76.0

36.2 53.0 10.8 8.6 72.4
36.4 53.7 9.9 9.6 73.2
36.1 52.9 11.0 9.0 72.9

NMT(acc

N N N N

8.8 80.8 10.4 8.0 99.3

9.6 809 9.5 9.0 994

% 3 Evaluation on TED-LIUM development (dev) and test set.
CER of baseline was 12.8% (dev) and 12.4% (test).

Set dev test
C S D I E|C S D I E
baseline |78.5 17.7 3.8 4.3 25.8|78.8 16.9 4.2 3.4 24.5
ign(bie,b) [78.2 17.9 3.8 4.2 26.0|78.8 17.0 4.2 3.4 24.6
ign(bie,c) |78.6 17.6 3.8 4.3 25.7(79.0 16.7 4.2 3.4 24.3
blk(w,b) [74.5 20.9 4.7 3.9 29.4|75.4 194 5.1 3.1 27.6
blk(w,c) |77.4 174 52 3.8 26.4|77.8 16.6 5.6 3.0 25.2
blk(bie,b) |78.2 16.9 5.0 3.8 25.6|78.6 15.8 5.6 3.0 24.5
blk(bie,c) |78.4 16.3 5.3 3.8 25.4|78.8 15.5 5.7 3.0 24.2
b+cl(bie,b)|78.2 16.8 5.0 4.0 25.9(78.6 16.0 5.4 3.3 24.7
b+cl(bie,c)|78.5 16.4 5.1 3.9 25.5|78.9 15.6 5.6 3.3 24.4
b+c2(bie,b)|78.2 16.9 4.9 4.0 25.8(78.6 16.0 5.4 3.3 24.7
b+c2(bie,c)|78.4 16.3 5.3 4.0 25.6|78.8 15.5 5.7 3.2 24.4
NMT(acc) |34.6 53.6 11.711.7 77.0|41.2 46.4 12.411.6 70.4
NMT(bleu)|34.0 54.2 11.8 12.0 77.9(40.2 47.8 12.011.6 71.4

%<, scRNN @ OOV HEEH N L\ 728, scRNN IZ& 5
TEOHL WA THEH, HKIRE L TscRNNIZL 2
RSEERRNTH L. K4 B3FEROY TV THDY,
“barganing” IZ1E L K RWHEETH 5 Z 1A scRNN (2
LVBEIHTWS

6. &b

E2E SH Y AT LIAEE OB EZ IRV, &

Y, XFHEAO E2E ZIHRMN A S BN 2 M- Tz
Wiz, ARNVBMOD LI REYEHITEILLH S,
INSDMY ZEIET B0, ARIVED OEEE2HKE
U7z scRNN % & FE ik OB #EH U 7z, scRNN &
RDIZDOAERE YT TWA 7720, BEENZEM TN
THD. Hlkk - A 2S5 72, EHHGELS L ¥
FEEEALLZ. 2HOSFZMEA A OFERBRIZED, W
RAZIZR LT, Hx DHLEEEZ AN 7z scRNN FR—2Z 5
1 OMEEENFE L —T, NMT Ze << ®ERR Sk
MPofz. b}, BEFTEFERBIAZIIBNT, #E
@ scRNN 1& WER % fHAME T 4% L 7=,
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