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1. HN=RENFEMHREERS - RE

“] want to talk the dialect of your people.
It’ s no use of talking unless people understand what you say.”
( “FABVARMIRERITT 5 o« WG RBA K, BRAEAATRET E R U R . )
Zora Neale Hurston, Moses, Man of the Mountain 1939, p. 121

X — =N T W22 ¥ (machine translation MT), 1§ i+ 8L —FiE S BIRR S —MiES.
AR, BRI, BITE, WSO R RIRE, TR . SR RIBRZIG ANZRSE Ty, RN
TEHARATIR B3 71— FEE & .

= Google FiF

XzE RO sREIE T, App # Android & ios

B

o

wWES 558 2254 v

= v & A ()

Machine translation in its present form therefore focuses on a number % Eitt, B SRR EE IS eSS, HesimEy

of very practical tasks. Perhaps the most common current use of AIRENNREREATEENE. HIrTeeiaZEmE—1m b,
machine translation is for information access. We might want to B EAEESEERENER, B8E, HiTsHARRsRE L
translate some instructions on the web, perhaps the recipe for a WXE, eSEMNEERFER (AWikipediaekBUFMET) PEEESINES
favorite dish, or the steps for putting together some furniture. Or we B. BAHEENRIMTAIREENLPEARENAERZ—, {XGoogle
might want to read an article in a newspaper, or get information from Translate ({0_EFfR) EAHAE100Z2ME S ZIEEBFER T2 81,

an online resource like Wikipedia or a government webpage in a

. . . . Yinel, mugidn xingshi de jiqi fanyi zhuézho 0 xtidud féicha hiji de renwd. Jigi fanyi
foreign language. MT for information access is probably one of the IS AR L SRS R n G L SRRkl RS

dangqian zui changjian de ybdngfa shi yong yu xinxi fAingwen. Wémen kénéng xiwang
most common uses of NLP technology, and Google Translate alone fanyl yixié wangshang shuoming, liri zui xthuan de caipli huo ziizhuang jiaju de bizhou
(shown above) translates hundreds of billions of words a day EF

belltween over 100 languages.

Rt B AT LA BTV 2 AR5 SEBR TS5 . HLES B a7 5w WA R TE B UiH
(information access). FAIHRER EENIF Lo LR, BN S ASEE AR BSB. i,
BATTAT B AR B4R E S 2, B AR 2R % U5 (40 Wikipedia BREURF I ) R BUAME S B . 115 BV
A [ MT AJ B2 NLP $eAR 58 WA # 2 —, 1V Google Translate(fn iR )& K EEE 100 £ FhiE 5 2 08
FHPE T2 ]

PFLESBH R 55— AV WS R BN LR, MT R40E W H T4 5, JFh AN LREa a3
48 (post-editing) ¥ B AT B € o IWAT 5538 7 FR N THE ML 5 B 88 i (computer-aided translation, CAT).
CAT il HIE A& Hifk (localization) ¥ — 34« {3 P4 28 8™ i I A 8 1 5 AL X AT S5 .

B JE, MT BT B A2 3 2 BU I i A BRAC I 7 2R . IX B 4538 &8 (incremental translation), 7E%¢
) SRR BT SR B PR, X AE A PR AR s A o lhn,  nT DA BLEHE G R R A AL
B% L B8 R SC A OCR FIME MT RGN, DABI RS BB % i

MT bR HE S 4D 28 - HD 2% (encoder-decode) K 4% , W FR N7 51 B 73 (sequence to sequence)
W2, ZAkREE T LA RNN 2% Transformer S28l. 3RATTTE 2 A0 i 3715 4 31| RNN X Transformer
P R a5 R n] T 30T o (a0, KA i B IR B IS 28 bR AEAT IS 46 40 ), BT TR AT R AR
ZE(hn, g5 N R AR AN RIS 43 B — AN R R B 4 SRR ) R TR SRR, IO AR ] B
SRASNGFOCES, BRI RAT AT DL bR id BB BN I xe 5 o

i T 2 - 25 BT B -7 B T AN [ R AL 3 A A, b B 7 S BN N T A AR 1 — AN B
T BRAGBRAT T 20— N AR B IC T A1 S B — MR P A1), X R e AN AL B B R BRI

PLESRH B R IX A —MESS . BARE S MR — e R E BURT E 5SS KRR —8. FEHET
T A ) - R R s H 1 o

(11.1) English: He wrote aletter to afriend

Japanese: tomodachi  nitegami-o  kaita
friend to letter wrote



168 1. WL A i LD 45 - AR AL 2 0
WER, AT RAEAFES PRI EEE AR fE5ifh, shah A -FrhE; mE g,
i kaita A T45 2. HiEH)F AL he, M5 N75 2.
TS LA A 22 e A R A 2 Bk . 7R N IR SOk 3 A B SEbR ) 7, 15T SR A TR ) (kAT
AR T DU I8 S )RR IR (1) 55 52 ) 72 (B 1 2 38 4K
(11.2)  KZ/General Assembly 7£/on 1982 /1982 12 H/December 10 H/10 @il T /adopted 2 37 5/37th
Yl /resolution, 1% 1 /approved 25 . X/second X% /exploration f/and f1°F peaceful F|H/using
4h )2 2% ] Jouter space £x1i/conference [)/of £ Tji/various ##ii/suggestions.
On 10 December 1982 , the General Assembly adopted resolution 37 in

which it endorsed the recommendations of the Second United Nations
Conference on the Exploration and Peaceful Uses of Outer Space .
ERICEMPOER IR 2 AE 77 2 a0, Ny ££ 3 277 A P AN [ o 44 38 5 185 1) SO 72 “peaceful
using outer space conference of suggestions”, 1fij 7 iE | & “ suggestions of the ... conference on peaceful
use of outer space”. M H 7 8&A A R (H BANT A F) . FEIEEAR 2 Hh 7 #RER (11 o SR A 22K )the, FF
By — S8 rp S AR T BRI (EL i in which” F14it") . AR S 78 15T _EARiE B 304 18 (MR AE L5 R
“recommendations” {5 5 “-s”), [ A SO 2T FHAZ A 1R]“ 45 il /various SR 3R BR AU — /M fEFE . JEiE A
LBHERE, FYREAKRE.
O L 25 - AR 45 DX 28 76 Ah P I 2 52 2% 1) e 7 WS A 100 O THT IR 8 kDl . S b, g - AL 2 SRR AN
T T MT 018 R AN P 81 2 8] B R A IR VF 22 HABAE 55 K 3, X R HoR . X R a3
1 B (summarization )(FA T SCABL B e I, Wn—/Ms @ B3R (abstract)), X1 (FRATTEH
JIT U PR P 5 Bl R B0 0] 1 2R 8 N MR S PR P 45 ), T SCRBEIT (FRATTHE B ] 1) < 755 o i B3 RIS TE A, AR
wigE SQL), EAHVFZHALHNE .
FATKAESS 1.2 Frh Az, JFER TR & h 4 A (B S B0y, A R R e,
AT MT I 044, JEA40RAT ) BLEU JE &
HES, T 9, WODTGESE MT BiE 55 5. BERITES N EEZE S Z WP 2%= 57 .

11.1. E5EREREF

NKEF RS 2@, SHTE-MES, SEERI ¥ LETRAER, SHT A2
BEE . HElENAEZEREPDIREAER =4 7TV 2350 B, SMiE S0 FRIEN . 1Riee
M5 RSB AL . A G50 ERE S 3Es B, B —ME S TR &R A3 (5 8 ),
HA R T, Bk S, R EEECAS R BE S L

SR, B S V2 A EE 2T, B PN EEE R (translation divergence) 1 i [FILKG A7 Bh T F6A 148
SEEGFRIALAS B . FRATEE X 0 Pifh 25 B AUZE — I B BEE (idiosyncratic) FliA YL 22 5 (" —A]
FEVE & Z A 22 AR K FRATTAT LA — 07 SN B G (systematic ) 22 57 (VF 218 & 1 30l i B TR
Z AT HARKE SR B RIE Z JE). RHX LS RS0 TR S A AL 22 S M SRR i S R A
(typology). 1X—2RHY22E o IR | — L ma ] 25 B9 13 1) S 0 2 = S SO R 1Y) 13 3 IE V% A & WALS,  BJ
(HFUE S At EEY , BAH TIFZ R TIES 1R85 H 5 (Dryer 1 Haspelmath, 2013).

11.1.1. AFEBRE

IEANFRATAE b1 BB s A 3 R0 1 R T s IR, 38 S 2R R B RIR ) ()3 iA] . SRS A AR 1)
HAF P EHAE. BN, g 5. JEEAMEEIE A S SVO(TLiE-3hiA-Eik)iE S, XEWREs)HE
M TFEEMEIE M. Mt , EIHERNHIES SOV IES, XERE 44 BB AR AT
KE, MERZBMBIRANEZ VSO B 5« PIFhE A A A 3L A0 7 2R B 58 A HAR AR L b 51
i, VO i ZMEHATAA, 11 OV i ZIlH A5 .

EFRA T VA (11.3) 61 7. 1E3XAS SVO #il4) T, Bhid write J& iR % B [ 521 a letter A1
115 to a friend, A to JEEREE MLt afriend. BT AHIER VSO T, Zhia thik (e =i M
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IR AHECZ T, AR R H A7, X B #R R 13 AT A 18 e, J5 B IRERTEH .
(11.3) English: He wrote aletter to a friend
Japanese: tomodachi nitegami-o kaita
friend to letter wrote
Arabic: katabt risala li $adq
wrote letter to friend

FOAFR S I HE Y B IR IR 5 1 5o 7R LY SVO 5 5 (B a9 15 A I 5 ) R, B A A A T IAE S
WA, AR TE F (B P AL R R T, R AR A A4 R e
(11.4) Spanish  bruja verde English  green witch

K1 gt 7 HAbR e 2 R B o BT X 2815 5 2 IR IR P 22 R R B I R, X ER R 4
FEA B HE I BEAT KB B A5 AL TR

| The green witch| is|[at home [this weeK cheng long ‘dao xiang gang ‘qu
- A - . _
[Diese Wochelist die griine Hexel[zu Hause| Jackie Chan went |to Hong Kong ‘

(a) (b)

B 11-1: HitiEdFER6F
BlE: (a) AEEY, BIREIAERTHOCE, MAEXEFNEGA L, HAHAEAES —LE.
(b) X E F, ik BAFRIA-IR 45 R ¥ A 517 8 (pre—verbally) B3, X 5HIETHE.

11.1.2. #HiCER

AR, AT R B BRI B E RS RS S . W TR TR, 5@ i AR A AEAR Y
NICA P ANE . B0, SEIEIRIE S K HA bass £ PYHEA 15 F R LULFE 9 lubina 5K 4E bajo HIL. i
PP AR AN 7] PR 3R] R s £ S8 HH Pk wall R 4< P :Wand o s 3 N K14, Mauer s g 34 4
ffi. fESEIET,  brother —id il TAEAMT S LRI, 10 th SCANVF £ HAth il 5 7E older brother 1 younger
brother H 73 il 8 F A [R] )] (32 38 15 73 ) L BFBF" A0 2 20 7) o AT A IXEEAF LT, BIPESC P iY bass. wall
5 brother #RFEZ—FE A, TR AR R RIS . DG, LSRRI ] ST (5 18 3 )iX />4
Il B AE

A, — I F H o3 — Pl 0 AR R BN B 2 IR A A IR LT B 9B AR 10 44 1] 2 4L
FEE R M AR A XA C. Flin, EIESIE YT i SRR LR C iEia ), PRy oeif il i
JRIE I T BRI R 2R

JOURNEY HUMA

leg

ANIMAL

CHAIB

B 11-2: FiFFEAZEFZENEREE
TS AR TRV bR o W 2 ) 7 T ) 22 S T R B X F—6F 22 [ B8 i) S 2 %, T B2 X6 22 B
fi4n, Kl 11.2 &45 1 Hutchins Al Somers(1992)7E44 515 1] leg. foot A1 paw F#l 5 S th IS T b iR 1) — L&
FAAk. B, 4 leg HTRAE—MEE, ERBIEBIEE jambe; i 52 X TATER leg, TIFRATEH
EER etape; WIHE R TR0 leg, WFRATHEHZEER pied.
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A, —HiE S R A RIC 2 H(lexical gap), HPTESE A MEREMERIERIE OL T, AT o] 508 B 15 A1
ANBELE S — PG S FRIE— AN RIA & o Flan, JoBd A — AN I e85 POE 1 xi'ao(Z) 8 E HiB
1) oyakok(Z2 MR )FH XS BL(TE B ig rh, W AUAbEE — Sl IR iR 4L, 140 filial piety(Z2)I) 5K loving child(F] %
%), i & good son/daughter(f )L %))

a1 S AR R SRR I a0 T B 2R E B T TR E RGZE 5. Talmy(1985, 1991)f5H, 1f
S LUE SR B “ 41 A (satellites)” _Ehniciash /7 [a Az s SOoRFRAE: Bhial. a5 18 sl g 1A 56
e i, fE9%iE a bottle floating out of a cave H KR J7 M2 BliA] out, THAEPEEA 1B, RIRTTIAIN
S5 :
(11.5) English: The bottle fifloated out.

Spanish:  La botella  salic  flotando.
The bottle exited floating.

) 1) HE 42 (verb-framed) i & £ 30 A AR 28 2 1) 77 [\ (Lk A R AR sh 1) 7 2), PR IR S
acercarse [1]“approach(#:ifr)”, alcanzar ff]“reach(Z|iX)", entrar [f]“enter(izt \)”, salir [1“exit(Gi& )",
4 BRI HE BE (satellite-framed)i & 7241 iA] b ARiciz s (177 191 (B R 3 K bridiz 1 77 ), a0 9eiE crawl
out(l€17), float off(J=F), jump down(Bk F3K), run after(GBi#E). 15 HiE. RAKI/RIEU T S8, NKEF
TR HEE R VF 218 5 #E ahia S5 8 1), D05 3RS 218 RV EIRGE 5, Wil Bk, Hah. s
AP HTIE,  #2 AR HESE (Talmy 1991, Slobin 1996).

11.1.3. WSkBE

1EFEA 2 (Morphologically) I, & 518 % LA W AN4E R FAE R RE. 55— N EE R A A 18 22
i, MISL(isolating)if & (WL IERT ARG, BN HIAEE A —MER), FE L4 (polysynthetic )i
B (VAR B v i (R R EEET), — AR REA IR 2B R, MU TIEMEBEAN )T A%
SEIE R AT B IR S, O B = T (U 2 BOA AR S I R 5 2 KRG 3 (agglutinative) 1
B AR E 2 KB A (fusion) iE 5 (H AN E el LUIRE £ A1 &, 6l 0 stolom
-om)(table-SG-INSTR-DECL1), ‘Efh& T THK. HFERNE — A4 1A R A JubE

TEINEFEE B S Z AT B R AR T A GO 451, BRI, BAR R Gud o 8 F 7 ial BY,
1 11.7.1 Fih[¥) wordpiece 5 BPE f&7,

11.1.4. EAEE

WG, BEES NIRRT B . GURES, Hndd, ZoRBAME
WRTEE P4 AR AR A R U . SRTT, FEJLARTE 5, FRATA I AT DA AR, T T ) S BE
F BT FRT:

(11.6)  [E1 jefe]i dio con un libro. @i Mostré a un descifrador ambulante.
[The boss] came upon a book. [He] showed it to a wandering decoder.

A BAAR I AR 838 S R A B B (pro-drop)ifi & . RIEZEACIA A IR TE 5, A ISR A (] B 22
So Wltn, HIEF P SCE PP B S AR L . 15 S B AR AL I 4 5 AR T8 4K 35 B (referential
density) 4L . FAT R T8 H B8 2 AR5 &t 2 REIMEH AR, ZRAOMES AA TS
AR . RAMEIE S, Pl CEHE, FEU AT 2 TEIRE RiTH, MRARES
(cold language). 51 Wi (18 & LA A W AT 25 5 15 F 1038 5 BNV EGE B (hot language) . #1742 M
HUR « 22507 P (Marshall McLuhan, 1964 ) X ) fPAEk 1, 51 40 s 5 558 AR O R B IS T2 4
T, T 1 A A AR D R L O 2 R 1 AR SR I 78 SR T X (Bickel ,2003) .

FEK = AR IR 4 T8 5 (W DS B H 38 ) B 3 BRI 44 1 5 (A0 908 ) AT BR AR TR M, (R A8 23 a6 20 DA E
FoO7 R A FRA, FERE BRGNS, DUE RS AR .

VX BLPRAE @3 R FA PR AE S 22 Tk — B GBI AN R
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11.2. fRh3=3-AFig=atREd

G R - AP AL 45 0 24 B 8- F A1 I 4%, R RE s A B b T SR SR IO A B 0 i 1 e 97 AR o g 8-
fEpsas 2 Sl 2 N T RAE L AS R WL R ARG K N -

KB 2% 15 5 (1 5B A2 TG 65 45 U 2R IZ 32 A P 51D R LA B R SCRo, Il FRON BT 3C.
RJE K IR AR LR RS A% DA OR S TR At PP o). 18 1.3 BEH 1 ik R A5 -

4 Y2 Ym
1 i
C Decoder D)
C Encoder )
f f f
X1 Xo s

B 11-3: YmiLas-fRADea424a

HE: FETXREBNWRRE T RE, BaEE LS F 7 A EA v,

Y AR 2% D9 2% ER =350 4 2Ll

1. JRRSEE, CHZMNITH |, HA BRI R CERRFH .LSTMs.GRUs.CNNs. Transformers
HRT AR it 35 o

2. EFX, ERmECc, & (MREL ERE AR LIRS RS2 .

3. fRRGEE, B cENFN, BT ERKERRGEURE T 1, A ar S B B RS 7
By o BRI ER—RE, RIS ES AT LR AT — P 5 41 45 Aok S

11.3. % RNN B94=fEM9:3

EFRATNA IR — AT T —XF RNN (1)t 25 -f 00 4% WX 48 1 462, [RIAE— N5 9 bt 741 y Bk
p(y)I &1 RNN B S, 5AEMFTE S A —FF, FRAOT0 LU i
P(y) = p(y)p(y2l y)p(ys | y1. y2)-.P(ym|y1, «... ym-1) (11.7)
TERFE I TE] t, FRATE I E S B AL t-1 RS RIS, 0 AT (4B A — NGRS P21, DARTEZR
(1) B J — AN LD R BB AS 45 o o 985 158 FH AT 48 i e & BB BUIR S VR N AR BN — NP id B R
FEIEH T, Wi g 2B R (W tanh B ReLU), HZHE I E] t ()5 FIIS (8] -1 (1) Bk,
FEH. f 2 — A RERTRIVC IR softmax, JUZERT ] t % ye FIBEGERIR S he it 504
hy=g(he1, xo) (11.8)
y:=f (hy) (11.9)
FAT R T i — R BB e AT LUK IS S A (B AT B 3 813 AR i) e AR Dy Tl S B (T LUK —F il 5 1
VESUAR TR R S — P & 1 B AR SUA): 7E¥R (source) SUA IR BN —AM ) 1orBabnid, 285 fa s P
H#r(target) SCA . 7E55 9 T, 43RAT1% FEAEH Transformer i & 1 R0 i Yl 2 26 14018 5 AR R BE AT
L, FATREN D 7 AT RAFICHIAE . i RIATH A (call)iFisCAs x FHARSCA y, W4 LR J7 3t
L p(y]x):
p(y |%) = p(y1x)p(y2lys, x)p(y3|y1 y2, X)..P(Ym|y1, ... ym-1, %) (11.10)
K 11.4 SRR 1 T ACRRCAS (0 9 ) - B 2 B R ) BB (BT DR AE T — B B e By, HrpfF 2B A
(attention)).
K 11.4 TR 7 %57 3 (the green witch arrived), 773 B #Fic (<s>) F1 7 BE 2F 15 1% X (llegé la bruja

2 M JE TRA T B 40T 48 FH 0T B Transformer; 32258 7T DL g 2 A 35 F0 A A5 2845 FH AN (7] (R 244
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verde). T BRIESCA, AT FA LT IE R UL BOBHORES, ELFIFABOR R k. ARG
TFUe E AR B2 (asking for)afy J2 1 T 3 i 80 AR\ (K R B0 6) T R R IUBRIL) o J 4k 4 i
MO PR 2T I BATROIR S IR — 2 B A O N o

Target Text

~ TN
N 0 27 s
77 <7 T | P
llego | 1la" | bruja | verde | </s>
{output of source is ignored) T } ? } ¢ } T :
[ ]
softmax (mﬂ_ﬂaj } (u:iluj } [mﬂlﬂ] \ [“ﬂ”ﬁ] : ol
A A A A A | A | A | A | A
, I | 1
. | | i I
pader | . F— _F+— _+—m—_ 1~ - ]
yer(s) A X '\ A [ [ Iy , A | [} | )
[ [ ]
embedding godwes @smtes @ImvmEe @It Ee @ __.,)} T ....,} @o: ....3: @000
layer A [y [ } %\ } %I | A | A
: ; ! L ‘ s |
the green witch  arrived <s> | llego | la | bruja | verde
I v v
\ / L// ‘L_,// \d// :_//
—
Separator

Source Text

& 11-4: ERH RNN J5hD25-A7R0 25 B0 2 8%
BlE: A RNBRAHRDE-MOETET, BELNGT (RENE) UATHNERE. RiEGMERETZER
NIt ERE, BOSERARDE LARBRSFHLETXER,

Decoder
.
~ —
e ) 7
AR A O B O B
{output is ignored during encoding) 4 } 4 ] 4 } 4 ! 4
softrmax G i Gl | Gl) | Gle) ¢ Gade)
t Lt ! i SR
gl [ o RO Iy =7 v W B N N B W 20 B
layer(s) Y | Y A% ! A% | A } /4
emﬁi‘é‘:'ng @rtee @mgTe® @Enymed  @Emymes L‘J}&#: ssvew | &J}} @ =¢=e9
| [ | |
| | I |
X, X, Xg %o <€> 1 ¥ Y2 Y
— - e L Lo L7 el
Encoder

& 11-5: IERAY RNN 4Rfho a2 a2 8%

EE: EETRNWEARGE-BOREREN T, EHREBEHETHITHEERNA. HEERNHRLEBERS R ER
MAEN T, TEMAERN FLUER A,

LEFRATLE B 1.5 o AR AT T SRR RE Ak . O T A I AR 1S T 8, JRA DK AE 75 0 A LA
e Il d SR [X 73 fidh 2 R A L) 8 P FRBCIR A o ) 2 I 6 R 4% 70 R AL BTN 7 471 x 21 i 4 5 2% (encoder) . i
SREATHI T A U IR T Gmid a8 1 B 4% 2, (B HE B IR REE MR AR UENT, bl oE 2 1002 1 S IR SR
NIRARR. T2 g 2 ¥t A 7 HES K bILSTM, b, %8 9 ik, Kk A v 1 AE g
I T2 BROBCIR A HEAT T P, DR AN [R5 1) B SCEROR

Gt 35 (A3 B R AR R SRR . SRR ILE GG A% hen B Rk S . AR5 1%
Foaa, RN ET X (context) ¢, f&i4AiRIG %S,

Fi I ARRD 2% (decoder) M 4% R FH AR A, 0 A SRV AG A0 AR D 2% 1 55 — AN BROBUIR S . B, 55 —f@
T &% RNN SLoGE FH o /B N Jeni I BRBUIRAS ndo. MBS 38 H s[RI E AR i — A4 P 41, *0\%)552 ANTG
%, HIERFHSHRbRD. FABREOR ST EIEA 2 Se a0 BRsIR 2R S B 2S A g H

) B A~ IR X R OTE I — A, BN SO ¢ (2K BEE S T 8 6 A BT Uk S o
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— TS SRR BRSO o A NS BN E) 2 i RIS R S, AR AR e A A
L R A 11.6 Fir):

— R
=81, -1, ) (11.11)
Vi
... = h¢,
AV I
E 11-6: fRADSRAIPEREIRTS
HiE: ArBaEnE rRERS (MRES —IMEBERS) XRBEFEWETX c HFH.
Decoder
A
- N
gold
Ilego erJa verlde WSS o newors
Total loss is the average
cross-entropy loss per [ = ﬁZL per-word
target word: =1 loss
soﬁArnax
i i ] Y
hi
I A A y A | Y l_>| A A A A | Ia:ggr((es?)
@9 \_._.) l—..) @020+ 90 @0::0+:00 @@ 6700 F\T) rj @\T) @@ =000 embedding
x|1 5 M ., layer
| I I
the green witch arrived <s> llegd la bruja verde
N— _
e
Encoder
B 11-7: IZkH0 RNN %RARRD 23 ROH 25 8%
EiE: i

AR RWN i S-S ERE T k. HER, ERBET, RNEBEL2EEEEE softmax fr Y.,
fEERZFRFAGEE M MNBF A EANNEE LB ROVERDEFRILYIH softmax W2 f, DT HENFITH
Bk, BETUNEKRFAHERNTEGTHREK.
BULE, AT A I A2 A 1) G e ) A T v 2 RS R % (1 S B R 3, R AE R MR I [ 20
A AT £ 3C. B g /& RNN 2RI E QA , 1Ty 2AE £ 25\ softmax SRAFE IR iR A

=g(gt'1! - )
z=f( )

y:+= softmax(zy)

(11.12)

BJE, WRTATR, REANEED Ry AFE — ] B 10 (T S BIEL MT 1530~ iRE) B
softmax i+5 . FATEILTE softmax it 3Ll HE argmax, 7ERFANI ] 25 7 85 T RE 1% H

ge=argmaxw vP(w | x,y1...y+.1) (11.13)

AR Z TR AR g o g, FRATTT DU L 5 = y R3S B A PR ER LS 28 A

RS IRV AT R, T AR AT B ECRAS hee A1E R S ¢ @47 IR, 38 T RAKEZE T — AN )25 A= i i o
i1 FEAT IS

y= softmax(§t1,2z¢, ) (11.14)
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11.3.1.  V)lISr4wtas5-AEE0=a1RE

G R - PP AL 45 S A0 i B o ) I 2, AR ER 9 B RNIN AR SRR — K . B MINZRoR 10 2 — X 455
BAE AT, — MR A H AR EER MR, X LIE- H AR DR AT AR NI 2R S

XFF MT, I ZREedi il o — 5 5 SRR A AR X B TT UMK 5580 T30 (o bn s e h 45 Y
AV 1729008 7 TgRER, A S E B AAE R RNN i 5 58— AT .
17 X 2% 2 PRI SCA, AR JE X B AFIC T aaEAT B BRI ZR AT T~ — > a8, il 11.7 B

R, ERARERE B, IZR(E 11.7) AR (A 11.4) 2 812 . HERYE R a3 O
AR AT — DIHE S xer BOSIAN  BRIUE,  BEE MRS S5 AT 22 T 2 AL, BT Tk 2
Mo B S H AR TR A) o BRI, FEUIZR, S LI Z A2 D 25 b 4 1 BUM 34 (teacher forcing). 2Tk
i B R BA A RS IR P 38 & HARTFFCAE N T — NI Xeers TR AR BRI T (] BERZHH IR 1Y)
e st e IXRETT DUII PRI SR

11.4. i¥F&5H

G B 745 - 5 8 R 2R 1) 5 B A T B G A e (R S R SCAS PR 3879 ) 5 AR A 25 (S P I 71 SC A= 1l F AR S
A )BT B TR . AERATH AT IR R b, XA ERSCRESE hn, PO SRS (55 n ) TR] A H B
W& L, XA RA MW RGBOR S HUE — MRS (bottleneck) (& 11.8): B U AR /RIFECA I ATA & L,
RN AR E3 0 P SCA O — 1 A2 XA LR S T A R . ATITRIE R, R KA TIIER,
AT REASREAE B SCIA & P A B R I IR0

VE R IR R AR DA e UK —Fh 7 3% SO VR ARG A% G A5 2% I BT A BB RS (M AR B e — A
BB IR A ) H AR S R

FEVER MU, BUARAE I 25 ) 23 - A A 88 B vh — %, BRSO ¢ R AN AR, B g I AR R
WKL Bl o= 1) BT ERBORSMECER A KN, R EBATTTC T4 g 5 2 Pl IR
A TR R SRR AR AR AR A5 1 B S VR AR I R0 T Y SR PR S HEAT IR AN
KB A E KR c.

Encoder bottleneck Decoder

. 4 A 4 ;
-_’-_’-_’-_“- 1*‘ *‘i—*——_’
e e e
E 11-8: YmhdRAIPE B 7S-HREN
BE: BERETX e MAREENRARBORES, BEXEENFRANTAEEMEET XL THMIA
BT ORI SCAR R E 5, 13805 A in e RS 88 28 I AF e AE G BRIk, By = LI = AR
M) RS RS A, TS TR RN RFE R AR & AR
BRI, R PHES BN U E BN R XA B SR MRS A A S 48 B EUR A TR
A EESH S R RAMEE IR e B A BUXA BT R E o, HAEHE S ISR S 2
T2 IR T A BRBRAS o SR 5, FRATTaE Ik 6 24 i AR AE) 2% B O TR 785 1 T B3 (LA % S AT AT B it 25 A A A 28 25 1l 11
Jeni i )BT I, AL R SRS IHE T A . TR (LB 11.9):
=g(9i'1’ - )
THE i — PRI EEA DR R EE, RN EHERES hda PR AR RS 1)
FHRHE . FRATIEE AR AR I R A I BAIRES | B R N RS EIRES | 8915 70 (h%a,  he)SRAmiIRAH G RE .
X b B f B 20 BOPR O BB IE & /1 (dot-product attention), 14 HH 5B SEIONARLRE . 3 i 155 fd AT
A B TBUIR A 5 G i 23 B BOIR 2 L TR] R R AR, R & AT 2 T PRI AR AL
SCORE( _, )= _ - (11.15)
MIEAS AR BB Boe — e, SRS [a) B 18] BRI ARBLRE o BT A G o 2 BBl S (13X 28 7 250 1)
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[ A BATRME 1RG5 28I 5 RS 25 2 AT 2D BRI AR O

AN

h?, 5 hdz &y hdi
paniVanig s
g &, G

B 11-9: FEHNNHIMEE LT
Ei: ERANFAFREENENRBERSEATENAL LT, XRHTH G HIEAR A E
N T MRy, BATRAEH softmax Xt HBEATIA—4L, CLEIEBE R Eay, ZPCEES FERATEA
Z i o FEOBCIR 2 J 15 56 AT A B AS 25 IR hoir IO LEBIIAR 5

aj= softmax(SCORE( _, ), VjEe) (11.16)

= ( (- (11.17)
2 C - ) '
e, fEat A, BATAT CUIE R A g it 4 BB A BEAT IO 20 R vk 55 24 il ) 2 IR 25 1)
[ e K bR SO

VEDY (11.18)

XEE, BATRABE 7= EEKEN LT HE, EFE 7 REENMLRRENEE, FEERY

IR — D ST B DU BRI 28 1 75 3K . B 11.10 Wi T — N dmfid -l as s, EE T — N L TN &
o FIiH5&.

Decoder
T
//]
Vi Vi
attention 4 : 2
weights ( mﬂﬂmj ' ( &'ﬂlu)
19 A A

8771 |

hidden
layer(s)

L - - :
I f—%—-{ he|

[ Ry J/
C.

|
Yi
4

/
/

Vi1

Encoder L
B 11-10: &EBINHRELERMLE
HiE: AFEER et H. FTXE o, RHAE N WAL —. CREBLN A RDERBRSH MR EH
ENEBRASHMAER R 15 Z TR EEBRA b AR,
] N R IR AL G BN SR IRV o3 R K. AN TR R R T, RATTAT 45 31— AN B 9K R R 4L
ZRBIEE Z B G 5 EEH O —HBUE Ws, THRERE b 35 Bk A 5 AR &5 BEsBUIR A I AH QL «
SCORE( _, )= _
SR 5 E IS 1R iy 38 i 1] 200 A R DI ZR I AUAE W, A5 [ 2% R 0% 27 =) fiAR AL) 25 101 20 i 25 DR 45 2 1) ) W S8 A
ABL SRS 2 1T R FH 2 B o TP X M AR 2R3 0 V1 2 i 255 AR A R 8 450 P AS ] Py 0 v =, 7 7 B 1) SRR
T 77 VU2 SR G B 25 A i i 2 B e R S 5 AH (R R 4 2
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11.5. ERIEER

FRATY 45 H AR T AR R R I A S B A — A R (R W3R ATIAE 28 9 T b A A I 2R A1 & AR AR
R B ENEAE AR ). [BIAE — R ANV 7R RS (R AN B (8] 25, il vk 8 — 20 ] e 14 H (7008 5 i el MT
FIE LT A2 TRV ER )1 softmax SRk Fdm it yo AR JE B 5 & 45712 (argmax):

7+ = argmax wev P(W|X, y1..yt-1) (11.19)

TER— Dk B — AN T RE P2 AR M RF I ARON 30y (greedy) il it 0% 0o B50325 2 — P ey 38 B AR 3 2 11
ik, AEEHEGESH WU R EE.

FL b, OMBRIFAREME, 1 H AR B PR . AU, IR RS R A
RAFEHIFFC, Ja K AT REIE I H 1R 1 1 )

IEEATES A EHE R R T X — s, BEM(search tree) & i il 4% 7518 2% f 4 B0 B I g B0 I
RN EARREN A, ATV ) B 8 K RSB R, HRGHIR R TR s 8] . 7EIXFE
AR SRR, BRI IRAE: 5 RURIRAS, BIARRURE E TGS . RATIEE T R
PIZERF A, WM i EAr 2/ . B 1111 FH— MBI G5 #R 7TIXAN R R, &R
()7 51 /2 ok ok(HE#4.4*.7*1.0), HTTOLHMH R EVZIGTIEREIE, FAEH RMIEE yes fERE—/NH
W, FONERA &SRS,

p(ty/source, t,t5)

p(tyJsource, t;) kel S
i L yes—1.0——</s>
p(t,|source) iR
Lok 1—</s>
//.4
start —.5—~yes — 3—0K—1.0—</s>
~ 5 e
™ 5 yes— 1.0——</s>
</g>
t1 tZ t3

& 11-11: #EH

EiE: G4 R BEFHEHERLT, BEFILV = {yes, ok, /sSOIEREFRFEHFET =1, t,, ... WEEH, ERTM
ZRESERENFILHEE, TN EREF PP EF yes, RAEHEFE yes WA 22 AT HEHNIIUT.

A —RAESE 8 Farf, X T iAAmid, FAVER 12 R R (Viterbi HIE) R LIX A M. AE
MI7e, BHASFRIAE FH T e 3R 2 A AR BE B A7 D8 R A AR s n) R . ME— B ORUEHR B e AR (1) 7 a2
T AR AT E A VTR A) 7 (0 T3 A T) RIS, X BARKE T .

FH, AE MT RS A AR T 51 A i i) i, 388 5 {8 B — Pk Ok SR 48 % (beam search) ) 515 . 7EJ
W R, BAVER— DA kK ADNATRERIFFIL, AR TR (8] DA 1% R B L I R e Sk Az e 1 [i]
SE R/NHIACIZ 2325 (memory footprint)k FR Vi 3R % 5 (beam width), (%5 &G R B —kE, 7] LUK
HBHMNW N T2

RIt, ZEMRAS IS —5, AT BEANRICE N softmax, AR HiF 0 H— MER . SR )5 HATNIX
A softmax fii Pk #F kK DN B HIE I, XL 1) K R RBSA, X K MIE RO . XAME
Wl — N A, A R B R R

TEERIP IR, kK AN BRI — AN S A R RIS, RAMED A8 72BN AR EAR R
—A~ softmax, DL BB TTREM T — N Fid. X kY VARG —NE8H Plyilx, y) o
2 RiT B A % R TR L S B BRI AR AR . ARG, RATTE KV MBI K AN B, Rt
AR AL FokEA @ k Mk, I B WASEE kK AN .

B 1112 DUR BN 2 B T X —id 72
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arrived | v,

Gi@ - (ud,
ﬁ * v,
7 T | T [ a |
i EOS ! arri
1 — I arrived
(ol ) L . aardvark
kﬁJ i , _ : j
d
hT1 aardvark Z i
EOS . g
start————C arrweaj i

| aardvark

GEE) [TFJE] <_____g_r_€_eg, = e

N A
the | wilch | ¥z
4 | h

| e, G zebra
Gh) ' Gle) ' Gy
EOS | the & ;
" RN )
tl 12 EOS } the . witch 3
i 3 #

Bl M- 1250 RIE R ARG A0 [RIE

BE: BAFE k=20 RE XML, £ EF, RNEFKARFOBEER, HEEMORHVATRBY E,
LB kxVATERNBIE TS, FAEERTN K, #4., ArtE t1, I FREDEMERSH 2 MR ERTUEH arrived
Fothe  REHRNT BE—NMRE, TERNE B A LEFTA B EWEZE (arrived the, arrived aardvark, the green, the witch)
HIHERIFH 2 AN (FEAFF 2 the green 1 the witch) EX T—FEY BWEEH R, L L, RIOBRT HEE,
R BT BEHETIES(REHT HERRL, BRIONRAFETEE—FHAWLET XM ).

XA —ERE, HIER I </s>, XRYCEHI T I mBn kit £ —5k, 5
BRI, BRI T 1. RIS E1T, HERBAEDE 0, 45852 k M.

EIRATE B VERRTE 73 2 a0 TARR), AR AT R B R R 7 A —F A0 11,10, 3RAIT
AT RAASE A AR B A p(y|x) 70 i Dy A BRI AE L 2 /7 B R SO RIRE R B2, JRAT AT DA LG4 g o)
ISR T BE A t B A )

score(y) =logP(y|x)
=log(P(y1 | x)P(y2 | y1, x)P(ys3| y1, y2, )...P(y: | ys,..., y+-1, x))
=3 _, 109P(yilys,..., Yi-1, x) (11.20)
lt, fER—L, N 7SR EHAMEE, IATR TR S 0y 1m0 S B e o 54 R —
AFFCHD B AR . B 11,13 ) — S fi] B4 MR R 45 H 1 ] 1112 s gl e 4370 o X B0 2 17
B O, PN X B 3 1 e K AR BOR BB (32T 0)

B 1114 251 7R — DR AE TR s, AR AT R A AN FE KR ROAEEAE
WOV A B D RCEURIORE R, AARIEIRM SN y BB 7R 8 o IXAE IR 20 B b AN
e 230 b T I R R ) 9 BE AR S, T Bl LB OB B0 B A AR R R B o 3l A R 7 v e e MR B
PSRN A B H — Ak, 4] 4 7 B bl S700 BB 232 ok A2

score(y) =-logP(y|x)
= -3 _, —logPyilyi,..., yi-1, x) (11.21)
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log P (arrived the|x) log P (“the green witch arrived”|x)
sy = log P (the[x) + log P(green|the,x)
: + log P(witch | the, green,x)
® +logP(arrived|the,green, witch,x)
7 +log P(END|the,green, witch,arrived,x)[--.. 27
log P(arrivedlx) - 69 log P(arrived witch|x) -3.2 b
=16 _~ _ 39 eQ 25 __.END
arrived —-2.3 — ) 2.1 L em22T
2 @ / arrived i
-1.6 -1.6 T 23 T
rd log P(the green|x) =36 B g at
start 1 =-1.6 e ——»came ©
- og P(thefx) 51— witch——-1.6- A%
-.92\ =92 /ﬁ___sg*'green
© Tthe log P(the witchjx) g
T 22 __.END
12 =21 S
: witch-——-.11——— arrived »
T el 38
A \\- '44 ® ? T by ®
Yi ¥ ¥s Y4 e

B 11-13: ERERMETES

BlE: BARE k=2 M EEZMGTN. ROBILR &R T — 743 5KBER R HE R & MR e 5
BME, AERTHEN K ABEHT BRET—%.

PRI RAERT MT RG0SR I, B IR TR K75 5 210 (0] FAVE A AT H k
AMERAHERLLF LT, RATAFTE MT SEh & v, ArCARATAT DIBGR EME . ARS8
B RN AR T I Re R AR A k MEi, BIFRATA DO e (3 — A 5) A e 1% B 1753k
B3R 25 T R o

11.6. HfiEIE285 Transformers

TBD(£55E)

11.7. 189i2 MT RAEAAT

11.7.1. 5k

B0 AR Gl A — AN ] 2 Bl AR X AN R ) H F 72 i L 38 2 &b A 1) BPE
5¢3A Jv (wordpiece) i . i, RIS S M H IR E S I ERICR, AR AT IC (2 R) WIS 5 2
FIHPRME S ERE S, FICRANE R SIS S M H 515 5 8 1388 E _EA g v /BPE i3 . ia v 72
FEANFFCHITT AL — NMRFIR BT 5 LU 2 MT R FFIC A4 R(Wu 55 A, 2016):

words: Jet makers feud over seat width with big orders at stake

wordpieces: _J et _makers _fe ud _over _seat _width _with _big _orders _at _stake

HEVEMNA T BPE B LR R R T BRI E 2407, A — N UIZRE R A — AN R 1]
RNV, FFR R CLT B Rk AT

1. HF R (1 a1 Unicode F4F 1) 145, ¥ I R 7579 & 8 — AR IR B0 R 50 45 F510 ) W a6 4k
wordpiece 17/ i ,

2. 5, HIMHV Ak

(@)TENZRiBRLE LISk n-gram 8 S8, 8 F 24801 —4id .

(D)5 FE 2 i ]V f P TR e A — A2 T ™ A R AT BE FRR ] o 5 e Il 2R e 1 5 Y

RER BB o
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W H] 8K 21 32K (iRl .

function BEAMDECODE (c, beam width) returns best paths

Yo, hy—0

path—()

complete paths« ()

state<—(c, v, h,, path) ;initial state
frontier«— (state) ;initial frontier

while frontier contains incomplete paths and beamwidth > 0
extended frontier ()
for each state € frontier do
y«<—DECODE (state)
for each word i € Vocabulary do
successor<—NEWSTATE (state, i, v,)
new_agenda<«ADDTOBEAM (successor, extended frontier, beam width)

for each state in extended frontier do
if state is complete do
complete paths«APPEND (complete paths, state)
extended frontier«REMOVE (extended frontier, state)
beam width<—beam width — 1
frontier<—extended frontier

return completed paths
function NEWSTATE (state, word, word prob) returns new state

function ADDTOBEAM (state, frontier, width) returns updated frontier
if LENGTH(frontier) < width then
frontier«INSERT (state, frontier)
else if SCORE(state) > SCORE (WORSTOF (frontier))
frontier«REMOVE (WORSTOF (frontier))
frontier«—INSERT (state, frontier)
return frontier

B 11-14: BRI R RS S AR
11.7.2. MTiE#E

HLES B A T 2 76 4T 1B R} EE (parallel corpus, bitext) FHEATIIZRMA, XA SCA LRI (ELE £ )iES
B, PATIER R K. A 2 BUR 8 R RME KL ZE (Koehn, Europarl 2005) R L2 1 251X
ORI, AR E 21 FEGHIE S 40 A 200 A e Al 1. BEEESFATIEREQS S E AN M E
JiVEE (BTRAAE . OB, 8. VEIE. 08, PP IE)Z 1000 HAMA) T HARSFATIERE R B B2 AH
W%, W FF U % (OpenSubtitles) i Kl £ (Lison A1 Tiedemann, 2016), B — & web X4, 10
ParaCrawl if k7, 104 23 FiRCEIE 5 2 B 2.23 124)%F, LA CommonCrawl Banon % A (2020)
HH B B3

H)F X5

HLAS B E (1 b v I ZRAE R E J BO S FR I 1o BT IO E R EE I, 9 skt B8 AS JE R 18 5 Bl
AT, AN X ) X 5. B 11.15 45 H T — AR ) 50 T s ]

45 E PR AH TR SRS, FRATTE W 7R ZE AN P IR AR BA) % 55

AN REL, R — BR A — B H AR ), GREI AN H, R ) R T R 2R

— ANXIFFEE, B R IX e S HOR AR B SR 2 8] ) R AR 55

T U S 2148 5 A1) T (Artetxe 1 Schwenk, 2019), X ff ik A AT SZ AL IR E T — AN R
TE4 B 1 (Schwenk, 2018). Thompson H1 Koehn(2019) 73 51 A5 SCRSFT H #5 SCAR% 45 H T BLR AN T-5R
5 X,y ZIF] ) A e A

’ Y o1 - (DY 1= (L)
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FHorb nSents()25 1 A1) IR (XA B2 S 7] TSN A) F IOV 20055, AR X AR R KIS ).
IR BT A AR, LA Xpper X Yioeewryss  FE MORH N () ST A BE LA (4 ) 7

38 WA P S A MLRIE A XT 55 522 (Gale Al Church, 1993), iX &% FAITE S 2 & rh A/ 23 ) B /N G e 0 5
AN

JE, B ERBRAMES A, BRI TIE . X AT eV S B M BR AR B A0 % (1) 55 R0 (3] 2
MR R KB A A URL 4], 22 KA LG EATT 75 DA & #EE) a)x) . Bl ixses)
XAy Ld i 208 5 A RZAEX FHATHET, MR W L A

E1: “Good morning," said the little prince. F1: -Bonjour, dit le petit prince.
E2: “Good morning," said the merchant. F2: -Bonjour, dit le marchand de pilules perfectionnées
E3: This was a merchant who sold pills that had been quiapaisent la soif.

erfected to quench thirst.
E4: You just swallow one pill a week and you won’t feel thelF3: On en avale une par semaine et 'on n'éprouve plus
need for anything to drink. lebesoin de boire.
E5: “They save a huge amount of time," said the merchant.[F4: -C’est une grosse économie de temps, dit le marchand.
F5: Les experts ont fait des calculs.

E6: “Fifty—three minutes a week." F6: On épargne cinquante-trois minutes par semaine.

E7: “If I had fifty—three minutes to spend?" said the little [F7: “Moi, se dit le petit prince, si j'avais cinquante-trois
rince to himself. minutes a dépenser, je marcherais tout doucement vers une

E8: “I would take a stroll to a spring of fresh water” fontaine..."

11-15: XA A F BRI FF R 15
Hit: £rmaFREEXBHEN NETF) M—MRRWEE. A THFRAMFe. ..ol . fHRIMELH
%%%/J\/‘ﬂ%%’ @%ﬁ (el) fl)) (e1_f3); (es_f1); (ee_fe) %i/l\/'ﬂ%ﬁkﬁi W\E\ 2-1 X‘T% (ez/ez) fz) s (e7/es; f?) %ﬂ?:}(i"% (fs) °

11.7.3. RBE&EHF

HH T PAT BB T4 € (15 5 BT e 2 A BRI, FRATTE R = U WL B R A 2 () 504

SR, FRATE T W] AR B — AN KA B EiE R, DA IR N AT B R E AT H .

= 17188 % (backtranslation) & F| | H #7185 H 8B TR E, GG R 19 P47 55 kHE (bittext) 9 — Fh
J7iE . RPN EIPE T, AT/ bitext EYIZR—ArE] B AR-UEI) MT R4, K505 B AR B iE = .
PLAEFRATTAT LUK IX A4 BR bitext(H S8 BAs )1, 5 MT AR BEIEA) 153 55 )i In B B AT 280 o, IR =
FrNZRIRATIVE- B As MT B8, fltn, BosaRAABIEgy BUE SR oeth, HRE —/ N9 FLE 1R -5
WA, REERATHAR T LR K & 1 B JB A . FRAE A /N1 bitext Sk —> MT 51 2L 5 —F
RN TEE BN TLETR)IEAT. — BRI SAE TR ORI B A TUE TR, AT v DA AN G U 48 7T
BT SR MBI B AT SR

IR &S E . — DS ECEIRATU AR B 7 B PR RO 3R AT 0T DALE SO g AT RS 2%, th
AT DU O R 2R o B AT DA, 3038 2248~ 2 # & ( Monte Carlo search). 7£5 47 R ¥ fgig+,
TERFANETAE, FRATFHEA B AR softmax MEZ i K ELIR], T B — NI a1, iR © 1 softmax
MEZEEHE N — AN oA o IR RATAESE 3 T 2 M n-gram 7 5 B8 H A2 s BEHL )+ 4 RE Bk —
BR& R 4 ¥, t I ZI1 softmax #2874 M(the: 0.6, green: 0.2, a: 0.1, witch: 0.1). FATTH—Nn
BUREC T, 4 DNARIRES 8 0.6+ 0.2, 0.1 F1 0.1, SRJGHRIE IR A, 55— SRR A
BEBE S E AR bitext g (1 b3 FATAT LLE T bitext il #H4T ERAE (BN T2 A EIA).

SRR, S m) EH R BOR H w I — T TR B, A S R R SO EIZRIG RS IR 2 20 9 7E
A S50 0 H AR SCAR B 1)IIZ5 1) 2/3(Edunov %5 A, 2018).

11.8. HNEEMF T
BHPE AT LA AN E SR VEAL 78 0 I AR A A
7o 50 (adequacy): 13 SO YR A [ HERG IR FE S . A BT RR NI B SE .
W (Fluency): BRI HARE 5 FIRAIREE (R G EIEE. B, 51 824).
[ B PN R0 E ShiP A dE A
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11.8.1. RBALFS RMI=REFEITIEN

S HER R PP A AL A PN 0P 93 B30 A A 2 J5E b VAl A — ol 9 (OB X 28 900 B 1R R VR A )
FEL B TAEH).

Blhn, FEGAIVELER E, BATAT DA R HLE B (AR SCAS) BT B P ST E . TR TEEE SR
Peo BATATLAZE VR 1 — A5 B, Aok Emg) 2] 558 M) , 801 2100, FFZRABA]
Xt MT H 0 BEAS) 5 BREGTE HEAT VP20

AT AR R RE I A R FIWT 2R —ANERE, FE ik, B D ER LT 0. RBATEXUE
o3 0, BATAT AZS A TR A AT — AN HARSD, FFEL 6 2381 100 70 ITErdnite, 45 HARAORE 1 2 /I8
ARG R . WRBATAA RAEDF, EROTDSESCAA IR AN TE#RE, JATHT L BiEF 3 AL
SR B LSRR, JFHROMERE T2 MER . WORBAME A — A L anR R, JRATATEL
i TG RS T RIE IR R LLJT 2 RAR HEAL PP

MR R AT HE A S VRN A — X B R, TR [ AR BE O — A o EAR N A LA R R
I ERAETEAY, HizAT NPT Redent Hesst. /£ 1, AT H—-FMAZIER, REAASR
DAL AR, (HER M, BOVE AT PLBRIE DALV A I R Gecicidt, LA T DURAEIIZR00 B ik s B

11.8.2. HaliT{#: BLEU

BAT L2883 B 20 FE & 3% PR O XUE P48 B #b (BiLingual Evaluation Understudy, BLEU).
BLEUGE[FVF 2 B fXfiabr, #ltn: NIST. TER. AFEMAHZE, METEOR)Z%E: T — MR M EY, T
Miller 71 Beebe-Center(1958) - il TAE: — AN BINLAS IR A 28 & E R — A BN TR+ H I
{18) B3R R 1

& AR H AT ERER AR, Horp R NS T — AN S A H PR BE A — N RAT AR EEE
il )5iE MT B11%. BLEU FEERME S5 N THIBE S n-gram $&E 1R B0 4~ MT H s 7707

Kl 11.16 Sor 7 — AN A TR M BRI B, R e N TSEE. EiEe,
itk 2 MtL, f#ik 1 53 HRIRILEE LM n-grams(FEAEH), R 52 B K1 n-grams(7EIR BHEF).

Bl 11.16 A W T — )7, {H BLEU SEFRr EAR— M) TS0, M BAMEE# e 71
Por. HIEARMUL, (FEIEREEA) T I0ERZER BLEU 2802 T 4) 1 1) n-gram 5 B RTEEANE R B 5011
17 4 11 1) R B

n-grams 1§ & &4 B B2% 8 — Al BN E) FALRBIERNE . XN ERE R unigram A% B 2 (5 0% §Y
PR IAE S BRI unigram £FICE 20 B, X T bigrams t2& anik, s alik 4-grams. ] 11.16
W ik 1 A) A 19 ASME— unigrams (L H—28 unigrams HILZ XD, SAEH 26 M SFEE
YA 16 ANME—[) unigrams, 3t 23 MRFCEAE HILKAE 3 4 : voice, deposit, il actions). [Kl I fi
% 135k K unigram K5 4 23/26 =0.88.

AP XF unigram FEEY R B MV 2 0 T HR P CBIERE, WA X To1, BIESH%1%
SCH IR T unigram SRR REAN A B THEONE N, SRS I A BTN . 2 BER A sk )
A unigrams ()% . FATHE unigrams. bigrams. trigrams il 4-grams [f] n-grams ¥5 % . K,
B3 F)TERLEE 1Y) n-gram HEFE precn 9

Z Z Countyycp (n-gram)

ce{Candidates} n-gramsc

Z Z Count(n-gram’)
c'e{Candidates\n-gram'C’
BLEU @i X PUA n-gram # E 10) J LA IME SR A A e,
dhAh, BT AR Rt 222 %) BLEU FIATT . R —F, RATRIPLES RIS 2R [ T & 11.16 1)
1l R a] A B 3:

VAN

0

prec, — (11.23)
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(11.24) for the

[A°4 unigram 1] for Al the, bigram [ all the #EHILAE N TS5+, (U n-gram #5552 45 candidate
3 —MREI%E, ENE R unigram F1 bigram ¥ #L# T 1.0

Source

la verdad, cuya madre es la historia, émula del tiempo, deposito de las acciones,
testigo de lo pasado, ejemplo y aviso de lo presente, advertencia de lo por venir.

Reference

truth, whose mother is history, rival of time, storehouse of deeds,
witness for the past, example and counsel for the present, and warning for the future.

Candidate 1

truth, whose mother is history, voice of time] deposit actions,
witness for the past, example and|warning ffor the present, and warning for the future|

Candidate 2

%ﬁruth; which mother id|thelhistory] émula Efl deposition Efl shares,
witness [ofjthe past, example and| notice[of]the present] [warningpf]it for]coming

11-16: BLEU HIE
A B P ) — e R A R A (] R A A AR, (H BLEU SE$F 1 55— Forid: ERBMERVE S
IR RGP AP B S RSO R SO RGBT AL T . 4 sys_len T A sk B EE A K
A, ref_len JPTH SRR AR 2N .. WERMRIEFSCHS 300, W3RA T4 € 2 441 BP,

R EATHI L R A R 2
f
BP — min (1, exp (1 _r Jen))
sys_len

4 i
BLEU = BPx (Hprecn> (11.25)

n=l1

BLEU K=& 45

TR EVEZ AR T Fiik. BLEU SEFr_EAE K n-gram 5 E 5 A0 11.28 BAARHE. Ak
11.23 AL, RSN E 2R EZREMEEN. B 1147 Box T —AH 7 AN A the 4R
I A Bk A7 45, e unigram KA 7/7!

B iR R, BLEU 8 7 2 n-gram $5E (modified n-gram precision)E & . AT HELiHH
— AN RIA AR A S BRSO E R iR RIREL. ARG, BB 5] I T B0 b b B RS - R il
Rlitk, EE 1117 Ksfld, Bt BE GRS R 217, BIRZHE4A)1 1 1 the BRI HECRIRECH 2.

Candidate: the the the  the the
Reference 1: the | cat is on mat

Reference 2: there is a cat on the mat

& 11-17: BLEU {#HEHASEIA
EJE: Unigram W E & T4 BB % (7/7) . KB unigram ¥ B & 41K (2/7) .
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N1 EEA R M 734, BLEU B %6 RG] T iHE n-gram ULHAD, SR 54 BT A gk 1) 1 i 8k 8

Ja B ECR AT, 55 Br LIIREE H 5k n-gram 2 8. W SR AT Countmaten ciipped BRIELE AR R “ 5
ZZ LA T n-gram FEETHE” , 84 BLEU £ FH A% &) 7 ) BEANE B E IR T precn A:

Z Z Countypaich_clipped (7-8ram)

ce{ Candidates} R-8rameC
prec, = (11.26)

Z Z Count(n-gram’)

C'e{Candidatesn-gram’C’

WREA T —MNEA)THZ NN LSHERE, BLEU ] LR H TAE,

#H5 b, BLEU fEXFEAL T TAEBHELF, KOAWEAF LALLM 7 A B e, KUk n-gram (1)
A R gt . a0 SR e IR S 2% B ATT R UL n-gram. TR, ATy BAMEIEA) T
PR REIE NS % 0) 7RI ref_len. (HIESEEA, K2 HEIREERE R A — N ANBEEREHT

BJa, SEIL BLEU 752X P ARFC A 1 VF 2 40 3EAT AR v Ak DR, g i0f8 P AR HE (R S0 732,
SACREBLEU (Post, 2018), i A& 221 M3k 528 BLEU.

BLEU M4 1+ 8 %

BLEU /3 F EH F AW RS, HAIZREZLURHE: RAOTRHFRRT AR EGUE T MT &
407 ETEWA MT K41 BLEU 135> 2 MM 2 TR AR R E E R, BAMEHEX 183 (bootstrap)
TR B BT -

N TR R SRR S BLEU B4 MBS X IE], 15 RIIES 4.9 75, BATRA WKL (L devset)if:
T ok ORI B e AR MR AR O A T AN DR EE . AR, BATTITEA MRS AE R BLEU 4340, 0
FIRATPEARAT 2 e = 1 2.5 % M AR 1) 2.5% , FAR /AT RS BLEU 1350 $24 95% 1 B A5 X [H] .

NT A MT R4t A 1B, BAIEH] T H—HMWMRE, JHHEEMNERER BLEU 435 48
JEBRATHE A 1 BLEU 43 #m T B IO IR AR K H 43 EL

BLEU I/ FR £

EARME BLEU IXFEM E s ERRAH, EeiTa EEN )RR BLEU £ JEF B0 — A KM 5 15
ok £ HEM A A 20048 BLEU 403k, 1 . BLEU AN EEEAL — AN SO Bs 6) 7@ Mk, ol e (il 18 %
TUPE(EE 22 ). BLEU FIZRALT H 3015 B 7E FL R A R B 1) R G AR 22, il b s N T4 Bhil
PERINLAS B R, BB AN FE RN 2B AA R 4509 2 8] ) 2 5% (Callison-Burch Z5 A\, 2006). 43 4l AR5
(AR EERS, SX P E B R RT RS B IE 1

11.8.3. B@iifd: BEFErAIGE

BLEU F& &2 56 Tl & N K S B gk ML R 3G 3L [F 2 A i V) 59R B n-gram oS8T, 1X —ArifEid
Tk, RN BRI AT e 2 i A B e im] BB S o — Mg 5 A AT B = 40 METEOR(Banerjee Fil
Lavie, 2005)/& R0V [A] Ui 2 (B[22 x AMfgiE o Bk i AfH BERT S A A\ K SLHLX Fh B 5 o

BN, fERLLIEHLT, AT REAA XN EE I AT N TP s A . X EER R thonH(x,
DAL, HP x=(x1, .., Xa)BSERIE, =( 1, ..., mn)REENSEEE . FHreRZEALIES, £on
IR x B B E. S EXFEREdE, % BLEURT(Sellam £ A, 2020)2 KKy EEEIT ¥ x Al (L4
BERT RA(Z i B4 T 25, SNEAEN TARZE I A+ EdEAT0R), o 2R LR r M2t 2. X
FRABE AR F i tH 5 N A 2 e BEAH 0%

A, EHARE TS, ATRAEAN ThodE8dEsE. EIMIE T, AT LUl &A1k AAH
UPE R & x A AR . Bl4n, B 11.18 BT~ BERTSCORE #.i%(Zhang 25 A\, 2020 #)i#it BERT
{52 x Agk st 4, HEESANZE xi A ) BERT N . RS (i, )i H A2 )| )i
TV x PIEAFRLS HRFHCILE O E A R E, JEH P REARFILE x ARG EILE AT
A FE (FEAN FFIC AR 500 5 %5 N A 1 FR AR AL FFIE VLR ). BERTSCORE $2 (A FE A1 4 A1 2% (DL A F1):
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1 1
RgErT = m%?g% X;  PRERT = H%g}g% X (11.27)

Contextual Pairwise Cosine
Embedding Similarity

Reference 0

the weather is — —

cold today

Cz.mdldaFe €T

it is freezing today

Maximum Similarity Importance Weighting
(Optional)

the 14%E10.597 0.428 0.408| |1.27

weather {0.462 0.393}0.515{0.326| |7.94

is 1L EEH0.441 0.441| |1.82
_ (0.713%1.27)+(0.515x 7.94)+...

cold {0.479 0.454 ([ 0.343| |7-90 I RBERT T 1.2747.94+1.8247.90+8.88

Reference

today {0.347 0.361 0.307 JEIE] |8.88

T e O @

ev O i
@ X weights

Candidate

11-18: i+& BERTSCORE B & [EIF
ElvE: 1R Zhang % A (2020) FeNE 1, HH 5% x fof#iE , i+ BERTSCORE W B E R, MR AR T T ZEEWY
RIRA, HoHiCdd e 18 idf E i,

11.9. {RRFHEEIIE

ML BHIE SR 7V 2 FRATZE O TH 25 s e ok A B i) . 01, 25 58 MT R G0k &1 5 FIIE (3 19
SR )BT P 1R (2 A8 AR A ) B R T (A A SR AT B, AT BRI R
—ANEA RN ISR TR, PLESEIEE R G0EH BRIAA 5 MM 5 (Schiebinger 2014, Prates %5 A,
2019). MT R Gl ARYE FATESE 6.11 15 B 1 SCALZIR ED Gk 2 Fe v - B 11.19 BoR T 2K H (Prates
N, 2019)HRl, 4 F FESR R SR ¢ 7, 5 is a nurse” T EliR i “she”, #* isa CEQ”
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WeEHIPE R “he” . Prates %5 A\ (2019) & BX 2L ZIAR BN AN 56 4= 26 (B 57 T4uvh v i 0 R g, RN
i WA MT RGO, AR A Bl i 3810 55 1 Bl e e RO R 2 2 vy T B T S B 57 Bl i b e T 25040 PR L
FIRE, BTH)— TP, WinoMT %di % (Stanovsky 8\, 2019)%& M, HIZLR MT RGHI P44
AEZIAR I 51 7 € (1) 4] 7iF,  4n“The doctor asked the nurse to help her in the operation ([ZE4=i& 3"+ % B
TR 7 MT RERIRDIEZ.

Hungarian (gender neutral) source English MT output

6 egy apolé she 1s a nurse

8 egy tudos he 1s a scientist

8 egy mérnok he is an engineer

6 egy pék he is a baker

O egy tanar she 1s a teacher

8 egy veskiivGszervezd she 1s a wedding organizer
6 egy vezérigazgatd he is a CEO

11-19: RFFNBIFRZIBETAY MR iE] T

EE: SN FIEE MR F LB HEREEN, YW EREREEANNER EUL BBy IR BN B %,
i 1 40 £ Lot o £ 9 BR N AR O <ot (Prates 48 A, 2019),

MT FHVF 2 ) A ) f 75 Bt — 2D L. Hoh 2 — R R BRI e bk 7 M3RATH RGA FIE
NE . MT 2GnTH T AN TR AA T HBGEE N R G0 EES, YEFMEEMHANEES
i, AT EhEN R AEVEESUE, TMNAE BRI SIE NS EIEE. N T ANERGE", KRG ENEE
B L E (S B (confidence){H 11 7715, R e AT AT LAEE G B2 41 AT i 3k 173 3 I AS IE A 3 S

Ty AR AR R 5, AR LS S K 2 H0E T AT B, A KEHAT
MATH TR MT BIEE 5 ITB M 215 5 A0 E T —FiE 5 2 9505 195 L (Anastasopoulos il
Neubig, 2020), X —ZFSLfliiX—WBEN"E., V5% ANQR020)EH T — 4S5 itdiE, Usihx
LR FEIRIE S (low-resourced languages)fI N 1@ E . KEAFESH AN LRSS MT HIZWITFA.
AT T A FHTE 2R /N FEZR 4R S AR LR SRRt i, I BLARA TR T ST R B RHE B IR 1 FE IS 5 1)
MT 5L BT 5T

11.10. B4

BLERBH T NLP & 2 I 2 —, M5 MT JT K (D 28 - i g A R S 78 NLP 32 S )
— KRBT A,

B G WAIRIC EAA E R, XS R A

KR 221 T AT FUIX L 22 1R T DA R e AT A B R AT 28, LA 2 R A
BRI AT -

St 2% -FRRG AR N 45 B — MNRAS IR M S R, 2 — MaNTFIIeIE — D E R R R, BN ET
XRARIRG AL BB —MFREE, DU —MRE TS 7 5.

SEBANGIEE T LR XCHE, RVFEL S NS TA RERESEEE S, AU RE—

i i S~ 25 42K ] LLIE I RNNs 5% Transformers 5231

0T TRERG A, JEBEAE RN IR AR B A B ] RE I AR IC AR RO RS

JEWRBRE S, WAVER— DR kK ANTTRERIFFIC, A2 76 &N (8] 25 #RGE B et 1 R R 2E Al
XA [ 52 K ANEAZ R T K RO R B

LS B A A E SPATVERLE TSR, JRFK bitext, RI—7Fl H BLLE i Fh (35 £ )15 5 I SCAS

R A EI RS — PR H AR IE S A BE R E I vk, el W R E AT A (pilot)MT 5] # kAl d &
¥ bitexts .
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o B R T A 1) DAV o e I AT R R ST 78 A P ORI T ) U B IR R FE )ROSR R M (7 B AR TR F IR
FIFE R B H AR FE ) R AT B« N VP2 | &5 e, (H48 BLEU XL 8 B ) PFA $a br (e I & 2R 1] 51
n-gram 5 N TEIPER ES), BB T AAHRUE R EIT I dE s, AR .

11.11.  Xsk#FlABi%eA

7E 20 t2d 40 AR, WENEAEFAA, MT Sl g 7 (Weaver, 1955). 1954 4, MT
ARG E XA THE R (Dostert, 1955)7E 18] 5L 512 1 # KM% 75 (Hutchins, 1997). 45 R4 WLk
TRABRRIHE, BUR THERRZHORRE . F2X D TAE AT, Sl 2] 7R, i, et
RZAT, AU R T A5

B 5 15 B L 28 B AIE W 2 Xk DL S B (%) (Bar-Hillel, 1960), 76T 301 & 24 AT 5U1E = 24 108 s
W, A AR TR B A VRN AN T 2 B SR AT . X — JRIRAE 1966 3 4411 ALPAC(H 3115 S AbHE
HWZE 12 ) ik E (Pierce N, 1966)FIAE] 1 T, 1% S8 20 el 60 A H 3 E XS L4 §H 5
PB4 KIEHI . BT HLEE R 70 2% 7 2R, HLBSEI PR A0S 5 W2 B AR R IR 1 HLe B
Bo BRI, —48 MT FFREREE T Rk, M7 R0 T 5%, i Systran, DL AR MT R4
Meteo, ¥ K< Fildk 15 8 3 %1% (chanddioux, 1976).

ERHE, MT AR RGBSR T = MBS, F— N2 EEHEA, HEE LR R R ER
KI5, % RGBT B A R IR E S SCAR R RS A . ELER R A OR BUSUR R B, R IA L) 2
B — NIRRT, ATt — . BN REBER, EREEY, IRATE MR SR,
SR N BN RS 5 AT 40 oy B ARE S T . 285, IRATAENTW AR BARE S A 7. B =AM 2 E R
EA, 7EEPRE (interlingua) /775, AT IEIE S SCAR DT R EM MR & SRR, BN E RS
RIG, BATNIXME SR E R ERAE R BFRE S . AL = Fh 5017 008 0722 & 11.20 B R
[1IKk%E (Vauquois) =M. =ML TR T INE B 5B F 7775 20 E BRid 77 V20 B a5 10953 B B (7R 0 B
AR R ) A E BT 0, T I R A R B AR IR D . FRATTRT AR BIE = A m B RS
: NEBEEMRKEEE OLFIA MR LN IR g B i) , 2BE (UERRT BT B8 A
RN , BIEFREE GRARE MR AR o FRATRT LUK S 28D 2% I 25 04 — i [ BriE (1)
J7iE, ERTT LUK B R A A — D, TS AR 2% nT DA E D ) B A s e AT R R T .

Interlingua
@ / \
& %
S Source Text %%
ource Text:
k&f Semantic/Syntactic Targ_etText: i %@‘69
N i Transfer Semantic/Syntactic 9%
G Structure Structure %

/

source
text

Direct Translation >

11-20: EXE=fARK
G ITEIFIA T 1990 /2 A FHAA N, B Sl R e KR0S TR RHEE 191 o n = X 2 W b i)
Hansard 58, I DOESCMBESCR R NHEAT OR A7, SRJG I 28 R R SE . 53, V20T AR
FW, AT DA A A kR K B 2 S TR LR R OGS B R R R RN 16 5% A1) T+ (Kay Fl Roscheisen
1988; Gale #1 Church 1991; Gale 1 Church 1993; Kay and Roscheisen 1993).
[FJHS, 1BM /N B T35 & IR e A (S AR A, 3R 7 T 4iit MT 50, i BErO,
Candide :4:+ (1) IBM #5! 1-5,
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XL (BR T RS 28 ) B A R 3R T ——2 B 1 43 9% Bl AR 1R 38 [ BUR 1 B ——IX 45 1 il
IIFERE R E R FI 520 (Brown 28 A 1990, Brown 25 A 1993). FtH 4l 2 38, REHE T HL A BIIF ) 22 AR
FUHEE 7 Gt A SR @ R AR T RAL, #4n GIZA T A£5(Och #1 Ney, 2003), &3k
BT IBM 558 1-5 Fl HMM %5588, A 453E e AR 15 4R 25 5

RAEML AL, — Ty R ITEW AR OV E T RE KB ¥ (phrase-based translation), ‘&% 515
XF BV 4% 128 (Och 1998, Marcu Al Wong 2002, Koehn %% A 2003,0ch 1 Ney 2004, Deng #1 Byrne 2005,
sy, — XL v A 3 (Och At Ney, 2004) 78 — Ff 4 Bk Oy B 7 4 4% 2 I 2% (Minimum Error Rate
Training) 8¢ MERT(Och, 2003) [ 77 ¥ ' 8 Il 25 ok B 832 AL WE M #8 b, 0 BLEU(H 5K 15 15 3% 1R 5]
A)(Chou %5 A\, 1993). 47 i) 1T B AL 1% Wi EE P (Moses) i IT & Hi 5k (Koehn % \ 2006, Zens #1 Ney 2007).

FE AL 2 AL WA — LB T RVRGE I TV (3R 12 ).

¥ T # 5iE ¥ (transduction grammar) (75 i [f] 4 & i (synchronous grammar)) ({8 N AN FE &
) — X 5] 173 BE —ASPAT B RVER 548, F H b2 Il 2E A b N A OB P R R R B 1) 10 AR B A
FERE, AT DHEE B E B R ANE 5 AR L R0 55 0] 1o —Seig ) V2 8 IR AL B 45 {3 3
¥:54E%: (inversion transduction grammar)(Wu, 1996) 1[5 | F 05 %1% (Chiang, 2005).

AR 5 52 _E 1) 4 i 2 - iR A 28 7 9% HERE;(Kalchbrenner and Blunsom, 2013), (Cho % A, 2014),
(Sutskever 5 N, 2014), %%, PR RG NKEF LA E GBI KR, Meister 5 A (2020)% W,
TR W T A T #5745 B % BE (uniform information density) (A & . 15005 BB & —Fh R
W, BINZRAE & AL PR SR -2 1) 7 3 5] 40415 B (Jaeger 1 Levy, 2007).

KT HLESBI VRN T T B 5 B . Miller F1 Beebe-Center(1958)ff % 00 S & 2410 TAE, #2477 —
Be 77 vk Ho AR A FH 58 TR 32 (cloze ) F1 75 4% (Shannon V45 Sk I & m B Ad ik, DA R 5 N L8031 4w AR
B R, XA ESEFTE BV A S R bR (W1 BLEU)3EAE . ALPAC #5645 T John Carroll 47 )
— TR L 520 7 () 5 RS I 7T (Pierce 25 N, 1966). Carroll $2 H 1 AN [] 1438 55 AN ] HL AR B 1 7 = b 11
FAEVE o3 LA 9 43 B R A AT =T 45

BT VAL ) TAE R EE P E SR A 3h s b, SHEEE 11.8.2 i (Papineni % A\, 2002) i1 2%
F BLEU [ LAE, LAR i NIST(Doddington, 2002), TER(HH 34 15 3 ) 2540 54 1 it (Snover %5 A, 2006),
5 A1 A 6] 2 (Turian %5 A, 2003)f1 METEOR(Banerjee Al Lavie, 2005). Hutchins(1986)£1(1997)%}
MT 530 5 s 3E 4T TR EF A 2. Nirenburg %5 A (2002)2 MT BN &S .

HRFHIZIING, EZ I Croft(1990) 5% Comrie(1989).

11.12. 43
(%)
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