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» How to decide the output length for NAT decoder?
* Another predictor for output length
* Output a very long sequence, ignore tokens after END
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» Advantage: parallel, more stable generation (e.g., TTS)

o TE—MFLE FHITHIX AT B9 Decoder, ETEHIHERNTDFHIRH R E—N—M—FELEM B
LUFEIR BEERHKE—BNFNT T MM B EM—EIRAY Decode
{B2 NAT B Decoder A2, A EQAFIKEN ] HBE— N T EBREE HRTENDF FrLATDE
E_E NAT B Decoder E£ 5L, AT B9 Decoder Ei, BR/RATLAAE SR, )X NAT Decoder BUAEE
BRRE HIXA Transformer LAR, BiX# Self-Attention BY Decoder LAIFA B

EELRRISR(RZERA LSTM, A RNN B5iE BMRELS E—HE BEGIN, BERISBINERNEES
BV, eREEERE— NN EER FLTEEEIXA Self-Attention Z 51, 2B RNN,RE LSTM
RIRHE IRAFASE AMEEMIHEE NAT 89 Decoder, MIEMNE T Self-Attention LU, BB NAT §Y
Decoder FIEFBEE— M JRIARAIER 7

e 3B NAT B9 Decoder iR E BI—MFL TR (R BEIEE I BB ANK E 2555 S A6 H5LE
BEE S HAEHE NAT 89 Decoder ERIEEERB, EHAR—IMTERR EAY1RE
teanin A FrLAES &S R Ir&ESR LA, Sequence To Sequence RYRREYSSM, BRE X0 AT,E— Y
{8 Tacotron AYEEL FFE2Z AT B9 Decoder

BB BIM—MERLNY FastSpeech, REE NAT A9 Decoder, BB NAT B9 Decoder B—MNFL FE(R
AT LA SR HAOE BB IR A 1 SR TE, NAT By Decoder it £21<

{RETBER— Classifier, RE NAT B9 Decoder Nz A E, BRUI RIEMIE S & FLAYRHE RIRIR
MTESAEEL LR R G H IR — R INE BBRFIEEBA Classifier B9 Output FREAZ, EHHEIREMR L
FOfEIR AR NSRRI B MHERUISIERE, BRRFIEBBA Classifier #iHAYAMSE, B Predict 3k
AU FESRPR 1S, BRRAYIX S Decoder iERRNERE M A FNEZ1E

FRLMREILARNER B XF NAT B9 Decoder, BB Explicit & Model,Output KERIZESZ/DRNE (R
MR BINSEES/REY Decoder BIHAMKERIZE S /D (R AT LAMFFHAIEE(L

NAT B9 Decoder, REEZ FTAR—NA TR TS iR EEAFRE LEEREMMINFEEZA TER
YTV ECERARHEE B2 NAT By Decoder , B Performance,fX1EE8A 40 AT Y Decoder

AT v.s. NAT
Wy Wy Ws;  END Wy W, W,
{ i i | | i | |
[ AT Decoder ] [ NAT Decoder ]
i | I I | I I I
START w; W) W3 START START START START

» How to decide the output length for NAT decoder?

* Another predictor for output length

* OQOutput a very long sequence, ignore tokens after END
» Advantage: parallel, more stable generation (e.g., TTS)
» NAT is usually worse than AT (why? Multi-modality)
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« 5 'BEGIN' Yl B8R OISR UL

o 5 UBEGIN' Bl F'EE "R IR T D"

o BUBEGIN' B BE B B T WO T TSR

£ Decoder J)|IZx89RHE, BAISEMNNIHRLS EIEMRAIE SR BBX (4315011 Teacher Forcing
X NHERDS LB — M 7

o JJlIZxAYRT{E Decoder BMIBZIEREERT
o ([BRNMLE BAARBIEREERTLIE Decoder &

NIt A RER R IEFRIX MERYL £ Inference AYAT&, Decoder EEIRNEE M, 1 XHREERE
— Mismatch B&E— N EAISE—TUKE AN, B BT seiIRR S

Tips
ABE TR AMBBRAS Transformer ,iH—L51)I|125X 7 Sequence To Sequence Model AJTips
Copy Mechanism

FERAINA BT ISR, B JEBEK Decoder HEEL M (BEXRSESMS, 2IF Decoder ;&H W
ERceligmtik cEEMNEE IFEMAEBANFEERS R — L RimHE

BXMERIMTRAEMEAESZSAE LR, — I F 2RI A
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Machine Translation

French: Guillaume]et[Cesar]ont une voiture bleue a .
J /'Copy .\COPY

English: Guillaume]and[Cesar] have a blue car in

Chat-bot

User: XE {RIF, FRAEIEIG

Machine:@ IR, 1R e B
o ATIHIBSRARYTF BREFERS,
° HLE%}'“ ﬁlﬁl‘&wﬁ ﬁlnn:d _lé.'l_>_, A'LH’{'J/_{

RN, ERLRARELIEE R BX ML Xk —ESR— M MEEERIAL e
BEARME 70 |1 R HEE AT BE— R IR B IS, AR LA B AR AR REIEA A X BRI C Sk

BERRIRSKRIFEEFRIR B2 ENEETMARRZERREEE SIERERERERE AEXN
HESREFREREIRT

BRI HEFHEEAIERARASLLIRE R, E B AL R B v 885 R IEFRRYE R, T A S BT HXTIE SR, FTBEE
— NEEIRIA TERRE
Summarization

A R MEEIME (R REEFRE Copy IXHFFAIRAE

https://arxiv.org/abs/1704.04368

Summoarization Final Distribution

O FRRER R
BERLS MEG—MEE AEX MR RE—RXE AEEEXEXEHEE
X MES T2 RB AN [FREREXERNNE e — R X EEHE ASHIHE AR 1R 14—
“.Sequence-To-Sequence A Model, G455 7
(FREMXERIES RE— R R EHEMARRN SHEFKEN L RNE ARG — X

AY9,Sequence-To-Sequence Model, RIERERE

)| GIX TR (REI 2R SR F BEX T B RN EEFEN TN FE R H R XE AR
BEHENMIEE BERHRRSE ERIEERE SRR X AR ELARS ATIFIRAREA L
gG— BRI LS RE—RMNE M MR EEE

MREEXMEST S AN NEEAEESH—EERNHRE TaeE— MRXHRIEES FE Sequence-To-
Sequence Model Bi&BINEMEIXGER BRE SRR ES AP AS it

EEENEASRIRFARIBEIAYEEL IR Pointer Network
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Pointer Network

https://youtu.be/VdOygNQ9aww

Incorporating Copying Mechanism in Sequence-to-

Sequence Learning
https://arxiv.org/abs/1603.06393

X NMI E LREBHIIR RIEREMERDEARSE IF A REE — 1R, {8 Copy Network,
BRRAT LABE— T iX—Fs, Copy Mechanism, &2 Sequence-To-Sequence, BiX AL {RE Sequence-
To-Sequence Model, Z/EEEMEI NN S RZRFEEIH H kAT

Guided Attention

MM — " EeF AR CEARF I ERA FLESRNEE IMERESICIEFRRRAESR
KNG FRIEES

RRETLUFEI%—, Sequence-To-Sequence Y Model, Transformer F2—MilF

o WEREZHIAES NFIRASHSHIXLKER
o AR TREIFRAY,Sequence-To-Sequence Model BEIXERHNHITF (R BIHIXERES
o AREMSBRE MR Train —RMLEER 7 AR LA ZSMES SR T

BIXFEROTT A SRS R HSOE A,
SEBAMPIREE LA
B )
B
)

L3 (Missing an input character!)

FEPFRFATERER 4 XY EEES EEH =RRHNERE &M &Y &V &
BAIRES AR AV Z2RPRREFECRAREER 4 X REABCHE L7, B EEF
XM= AR0E e B OISR EIX MEF

BRLEH 3 RAMEIRRRE BFEH 2 REAMERIEE ILEH 1 XA eRE& K"

FEAHBEXEF E(RXA Sequence-To-Sequence Model R Train HXHME SEFEEH
WHYER BTG SEEE R, XM EERNOFRY FrLU S ANEE B IBXFIEERN ST F IR
eSSkl SitkaiE S MREAUES 4 XNEM EE 4 )X%03E WERE—R BREER
A BXENEFR

HAESOXMIFFHRBEEREE HIL #liX N Sequence-To-Sequence,Learn H3k TTS, ;8 B{R185
AUBREEE X PMNEHIXFNEAYFIF 2T EH, B R S IE A AR EAIGIF (BiXEFBIF
BEEN

PRLVEEE T3V


https://youtu.be/VdOyqNQ9aww
af://n249

BARNA LRI 2REARF 7 MABS—ERAEREAIREEL (I ERE e, —EEIEMAR
B FEBEEIE

XN 2B 88, XBH UM Guided Attention
Monotonic Attention

Guided Attention Location-aware attention

In some tasks, input and output are monotonically aligned.
For example, speech recognition, TTS, etc.

GIESPHRIXTMES (RESHRMERSIR, (RH— 018, SKPPRER BAE—RIRR TR BiEE &R
BAN—BNFIEEEHREAET—RRESE X PARERR

ABYISRREE R ELanit Chat Bot B 2 Summary, AJBERR B AR 1&, ER3%3—" Chat Bot ik,
BMANE—EIE EHE—E CRREIREICEQIEET AR Somehow thAEF (RESLEAEE
EEXESHHR IBE S, Guiding Attention, AJEEFE— M ELEREZRIEAR

Guiding Attention EfRYEEHIE BRI CTEM Attention RIBHE, SBEIRERIFF TR, 2551417, X
IEEANEE RIEEFRRENR FBE TR Attention, iZMEHRZERE

Monotonic Attention

G u | d ed Atte ntiO N Location-aware attention

In some tasks, input and output are monotonically aligned.
For example, speech recognition, TTS, etc.

Attention
weights l /-\ I /\

generate the 1st output generate the 2nd output generate the 3rd output

an” et

generate the 1st output generate the 2nd output Generate the 3rd output

Something wrong!
TEXMEIFAEME, B I LT B RUIX/NRIEL, SRALER Attention B9 EL X NS THER Attention BIE K

HALNESERRG BRIV R — BT IMREG A SRR BARRESEIG ALV AIZ
BAEROMRANRICELERS BETANECEERS BEALRAICEERS

WNERARS K IEMIES S EBAHE (RETINSEHY Attention, 2Ei=EIMMN, eSS E E FEEERIE,
IFEREL B NI F IR L EMIE T, BAAB LR Something is wrong BLEEMEE T,

FLA Guiding Attention EFISE 1B R B8 Attention B—/NEEAIVHER, BRAISIRIIX /NI, A S5
BEGEMAER IEE A TTS IXFEAIRRL (RAY Attention A998 Attention BB ERIZH R4, FB
NG EEHEIXANRE, BOHRAY Training #8E, ZKH128FF] Attention BNIZERERA

R4S ERE IR, B — X BT LR MEXN, 1EAZR B S Google 7 bl EER Mnotonic
Attention,Bk Location-Aware Y Attention, BBX NS 2K, AR BB B A AR ECHR



Beam Search

Beam Search ,Befi JiXiAZE— M7 FEX M FAEEBA MR, Fel JITERTIX 1 Decoderfh RBEELER
AF DY A — YR B

AB3S Decoder M=, EMAIFBHE B—IREHE—1* Time Step, B7E A B BHRE—NABRET A
PARR BB A S RSB RE A B EiEl—4

The red path is Greedy Decoding.

Assume there are only
two tokens (V=2).

BRESISRIN, BRI A% B HEHIN, BRTE A B EEW—N BBERAINIZ A0 Process 8@, &—X
Decoder #8521k, D EEEIE—

AIEREBR1EMax BIBB—1N FTLMERIE A 899527 0.6,B B9 %% 0.4,Decoder UE—RFHSHH A RS
ETRBIZ B B99%1 0.6,A H9958) 0.4,Decoder Fiakat BIF SAEEHRIKIE B 248 Input, FIEREIA
B48 AB B T ARETRASEL 0.4,B 899%7 0.6,8B Decoder FiaitiFat B FrLUELHEE A IR
BER B

BRI F R D EERSHIEE Token, BRI D R SHIER N F, S 2 fita HiX (4= B, Greedy
Decoding

{82 Greedy Decoding —EREFHIITIER BiRB A BER MESE—LHIRIR SoREEF —<_AmA

The red path is Greedy Decoding.
The green path is the best one.

Not possible to check all the paths ... — Beam Search

2

0.4

Assume there are only
two tokens (V=2).

thamiiss—E B B 2 0.4 BFA 55 0.4 X4 B AR T RE(IET B LUS B TR B B9AT
BEMERLAIE, BAERK 0.9 2SR TRB=""F1 B HIRTHEMEHR 0.9

SRR A — RIS IR X R ANE (R R IR EBIX—RIE ERX—THASE— M SRARE T
—MREEH B E T RIEREIF

XA FERBR KT/ \ BRI R A F —HF X3, SoHEFE B C— R R TR R M 7


af://n281

BBRTLATG SNSRI E B R R, XM RIF ISR BIX—FRIRE, iF— 1 TR RSFRE AT HERYERTER, (BT
RHALRr £ HSRINAREFA NSRS FALr E5— MERRILBNEEASZ 7 IREEN
FRIZ S, FA1H3E 4000 N FTLARAMHE— M5 55 X & E 4000 PNEJEERIERE IRER=SLUE,
IRRFIETS 5

FRLAEE DR, B— NEE LU Beam Search, EREEEBEMEVGIE K — Approximate, 3 — Ml
19 Solution I— PN A 2RIBEN, A= Solution, XM Beam Search, BBXMEEBLE K
HEC Google, i

BRIXA Beam Search XM ZIEERE AR EBNEH 2 CEEER 8RERER, 528
Lo BRESR{/RibE, Beam Search E—/MBIZHIEFY

ZIkiHIX RS Paper NUf#, The Curious Case Of Neural Text Degeneration, BBiX/ MES EMAIE S
7= Sentence Completion, B2 EETE—RAF E T REBEEX M FUEER BETRREE—
MFRE), 3 B— NENRIHER E BE S RIFEERBEZRAIEN XN E BHENEFTEEER

Sampling

The Curious Case of Neural Text Degeneration
https://arxiv.org/abs/1904.09751

Context: In a shocking finding, scientist discovered a herd of unicarns living in a remote, previously unexplored valley,
in the Andes Mountains. Even mare surprising to the researchers was the fact that the unicorns spoke perfect English.

Beam Search, b=32: Pure Sampling:

"The study, published in the Proceedings of the They were cantﬁe called Bolivia
National Academy of Sciences of the United States of remote de: i
America [PNAS), was conducted by researchers from the beautiful,
Universidad Macional Auténoma d}; México (UNAM) and 'L

eros; they live in a
speak huge,
They say,

Randomness is needed for decoder when
generating sequence in some tasks.

Accept that nothing is perfect. True beauty lies in
the cracks of imperfection. ©

MR &I, Beam Search TEX N E#EH, — ki &iF{Rif, Beam Search B AERA: ANR(R
Beam Search AUIE, & & IR Es AR ESANE, BRI B TR 7510 E A ESaE
WRIRSKAZHA Beam Search, BII—LiEN M, BAERF—ET 2T BEEREREV RKIEERN
BF FrLAEBIEER, BIHEX Decorder ik, &G E S HEEHIEE RMER BV ETFH
XMHEAR Y TEASELELAY XA, #ENIA BI— ks F iR, B H O SRS IEXN Bkt s
HERaNRAREIENT 2R EEEER
BEELX N EE ERAESHA SRS E
o FRIR—MES EIEEIESE BB
23RN, A A = E R BRI, LL AR E = YRR, R —EiE PR SR T R E— NI AL, #iBf—E
FRIRE—REIER SR BT EE R
IHXFES TS, BE Beam Search FiatvikEEE, BMHERERYES
o (REBHRRIE—LLEIRIRHE, XAHE Beam Search FiLbiiRBETERD,

ZBISEHIEXIAAY Sentence Completion B {R— NI F 481 REEEHIBTHEE, [EEERE 5 S TR
EKEARIIXMEEE—LOENN EARARRE— N EENES A ESIVIREER Decoder 18
L IIABENN M 1ZE BIM— Decoder, tBIEEFTEMEHIMRIES, UHBIES S TTS MEES S
NES



XEFHIFLN 7 — MR AEE R RS S B R ER M, P IERSE R EARREZ A, XIS
TTS 8% Sentence Completion kit Decoder IHRIFAIER AIERARLEHRIFIER RMEFTE
HILEER BBIRIMA—LEBEN LM AR R SR ERIFH

Optimizing Evaluation Metrics?

R8T, B TREAYREERAYE, BLEU Score,BLEU Score 2{RAY Decoder, FeEEE— N BT FLA
B BERIEANERE—ZOM R RIIRER NI FZEIMELER, 4 & BLEU Score

BEFNIENSHHHR AT Z2IXEE NG EHE, §—MAICR S FEERY,)IZR8981R Fefl] Minimize B9
#2 Cross Entropy,Minimize Cross Entropy, ERYRILA Maximize BLEU Score 5

#W o2 B 7 <os SRR osy

I N |

[ Decoder ] [ Decoder ]

—

How to do the optimization?

When you don’t know how to optimize, just use
reinforcement learning (RL)!  https://arxiv.org/abs/1511.06732

BRIEUE, FTLAER(] Minimize Cross Entropy, AISBILALE BLEU Score EKARA

FRLAMR R IR A B aOFE TR m, B3IE () Validation RYRHE HAEE Cross Entropy SEHkERIFHY
Model, 24k BLEU Score FEAIAF— Model BTLARAI IIIZR89031%, 2& Cross Entropy {B2FAi]sE
bR ARV TEIAHAYRTR, B /92 BLEU Score, ATLA{R Validation Set, ESCR7iZ& &R BLEU Score

BRI T RE ARSI BPFA JREAEETE Training RYBHER, B S BLEU Score We, F{i J8EABENE1) 145890
&5k, BB Loss B2, BLEU Score Fo—ANAE, BFEAI1E Minimize BB Loss, [BRiZ{REY Loss &,BLEU
Scorefe— A E, EHERHFLE Maximize BLEU Score

BRXHEL LIREIRER R (RS LUE BLEU Score, 41| 4RAIRHE (RERAMMHI— 1 BE1RE
i BLEU Score ABREZ BRI,

Xz ATLAERAR Cross Entropy,MBEE— NP XHFES FRE mERAXERN A ENENE ANRIR
BEEHE HMIFZ @8 BLEU Score,iX—AN Loss iRAHL B A4, BB EEDIR

XIAFHEHARZR— R, BEYRIE Optimization FoERFRAYEIRE A RL B Train —&HXS T iXiF BEHR
Foi& Optimize [ Loss Function BB RL A9 Reward B{RAY Decoder E Agent EXER
RL,Reinforcement Learning H4/a)5RAE

Harth 2RI LAMAY, B ABRIXHEIRIE, B Reference FITEIKINAAREE, HARIXE— MUK
RIS AR B U (R P X —1A

Scheduled Sampling

ABEAEHE Bl INIF R BRI T s 2SR ErAR A —EY

ML AYAETHE, Decoder ERIRVZEE SV, FrLANZAYRTE, Decoder B RI—LERAVERF (BRE)12k
AYAT®E, Decoder BEIAIRTEIEFAY IBXNA—EAII S AU, Exposure Bias
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There is a mismatch! ®
exposure bias

£
.
— - I

Decoder: Decoder

PEEEE

<BOS> W Sy
Ground Truth s

{&i% Decoder 7£1)|IE589RHR X REIIS IERBRIARTE BBENIR AR (RRAZEE —ME Bl e —24E &
&8 FRYS Decoder i, ENRRBEITIERIFRI, EERBHFRASIERNIRE ARE T REEERN
ERO RSB

FTLAZE B AR IRIX N )RR
B ALEERSERZ 4 Decoder BB N—LSERIVERE SUXEER (R FRELS Decoder #2
[EHRER ARG E—EEIVRA B RMAFEE G X—REE, Scheduled Sampling, EARZAB

Schedule Learning Rate, N4 Bi#A&ilt Schedule Learning Rate, BBE R4 43E, AETHIZEIE X2
Scheduled Sampling

* Original Scheduled
Sampling
https://arxiv.org/abs/1506.03099

* Scheduled Sampling for
Transformer aEsamas —
https://arxiv.org/abs/1906.07651 N

* Parallel Scheduled
Sampling : .
https://arxiv.org/abs/1906.04331 — = & S 4

Scheduled Sampling HSERREFE T, 1IXANE 15 &aY Paper, REHLA Scheduled Sampling fEIX%E
Transformer, R LSTM RYAHE 52428 Scheduled Sampling {82 Scheduled Sampling iX—8, &
SIR{AER Transformer RISFEATLAIBEN BT AT LA E 2 & T #— T ATLARS Transformer 3Ei, A9
Scheduled Sampling, B EBEIRMEFHIBEL IRFRR FIRE X LSTM_EHR HRAVREL tEAAK—HF,
BBFAC—LE Reference Y FITEIXINB AR S



Qutput
Probabilities

Concluding Remarks:
Transformer

Softmax

Add & Norm

Multi-Head
Attention

Nx Add & Nom
Multi-Head

Aftention
[} ’

N S L. S
Positional Positional
Encodin D €

ncoding Encoding
Input Output
Embedding Embedding
Inputs Outputs
(shifted right)

5F BRLA LA T5hH5E 7, Transformer FORPFRAT)IIER515, XM 1E L5 7 Encoder, it 7
Decoder, 55 7 EAI1FIBIIKE, il 7 /EEE) |45, it 7 FhhaY Tip
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