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Automatic Post Editing (APE)
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Automatic Post Editing (APE)

NMT: (src, tgt) 2 O| 20Xl HE FHAZ E5) a+5
SIc
2 4 Mol o & EEsS Frl
Soi7t ®o| aLCh NMT model
APE: (src, mt, pe) 2 O|FH A ZIHAE Sof &5
SIrc
2 HH| A Y HFEE FrL
S0{Zt ®o| A&L|Ch
mt APE model

A few years ago, | entered the
window of my house with a
break

tgt

A few years ago,

my own house.

pe

A few years ago,

my own house.

Src: source=2xH(Q=)

tgt: target= &

| broke into

src: source=2Z2H(Ql=)
mt: machine translation

pe: post edit

| broke into
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Automatic Post Editing (APE)

- APEQ®+ S A

HAO| M Kt LM SH= HA 2 F0| Cif et RNN based
F0 chet =8 & SAZ|Et =3 2d APE model
(20009 ) (2007H &) (2016)

Convolution to
Convolution model
(2017)

Transformer based
model
(2018)

Transformer He RE S J|HIO Z
» transfer learning= &l et APE model

(2020)

A
Bert&



Automatic Post Editing (APE)

— HS = ZH0| FIMEQ M2 & JIstd 4§ £E2 =82 BHE7|
— (src, mt, pe) triplet@ 2 74 E DatasetO] 2 &

— TER (Translation Error Rate), BLEU scoreE M5 HJ}

# of required edits

*TER = . mto] U= tokens 5, W HO| ER2°9ttokens H|E

average # of tokens in pe

— WMT2020 En—De, En—2h
2 =0] gk=0{ APEO|O|E = UX| B, 8t=0{7} source2 &l HO|E = £M 3K &=
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Automatic Post Editing (APE)

WMT2019 APE En-De WMT2020 APE En-De
TER | BLEU | TER | BLEU | TER | BLEU

ID (pe) (pe) (ref) | (ref) (pe+ref) | (pe+ref)

UNBABEL Primary 16.06* | 7596 | 41.66 | 44.95 | 1558 | 78.1

POSTECH Primary 16.11% | 7622 | 42.04 | 4457 | 1568 | 78.08
E POSTECH Contrastive (var2Ens8) | 16.13*% | 76.21 42.09 | 44.53 | 15.73 78.05 TER BLEU
Al USAAR DFKI Primary 16.15% | 75.75 | 41.84 | 44.65 | 1569 | 77.84 ende  HW-TSC_DIRECT.CONTRASTIVE pe S GEED
J8  POSTECH Contrastive (top1Ensd) | 16.17% | 76.15 | 42.00 | 44.52 | 1574 | 78.01 i et e e
E UNBABEL Contrastive (2) 16218 75.7 41.59 | 45.08 | 15.72 77.98 MinD me'm_enc s CON'i'plgASTIVE 26.99 55'77
Sl UNBABEL Contrastive (1) 16.24% | 757 | 41.62 | 45.01 | 1576 | 77.97 P(l)STiECH i _XI?M i e has e
M FBK Primary 16.37% | 75.71 | 42.18 | 4439 | 1590 | 77.54 ’ g R ; -
Ml FBK Contrastive 16.611 | 7528 | 42.12 | 44.49 | 16.1 77.43 yég%"éeg-g,'[‘,ﬁf;iﬁw&Y TR %;2; gggg
I8 UDS Primary 16.77t | 75.03 || 42.64 | 43.78 | 1634 | 76.83 ; 3 - AOPERS i A
‘@ 1C_USFD Contrastive 16781 | 74.88 | 42.45 | 4401 | 1631 | 76.82 BeringLab_modell_PRIMARY 27.61 5471
I UDS Contrastive (Gaus) 1679¢ | 75.03 | 4255 | 440 | 1633 | 76.87 BeringLab_model2 CONTRASTIVE 27.96  54.60
¥ UDS Contrastive (Uni) 16.80+ | 75.03 | 42.66 | 4379 | 1637 | 76.85 POSTECH.TERNoise-nFold-Ens8 CONTRASTIVE = 28.22  54.51
=8 [C_USFD Primary 16.84 | 74.8t | 42.58 | 43.86 | 1641 | 76.68 POSTECH_TERNoise-Ops-Ens8_PRIMARY 28.41  54.22
= W Baseline 1684 7473 | 4224 442 1627 7683 Baseline 3156 5021
Ell  ADAPT_DCU Contrastive (SMT) | 17.07 | 74.3 | 4240 | 44.14 | 1654 | 76.36 KAISTxPAPAGO_EMT_PRIMARY 3200 49.21
=8l ADAPT_DCU Primary 1729 | 7429 | 42.41 | 4409 | 1681 | 76.51 i
M USAAR_DFKI Contrastive 1731 | 73.97 | 4245|4371 | 1687 | 76.06
Bl ADAPT_DCU Contrastive (LEN) | 17.41 | 74.01 | 4244 | 44.01 | 1691 | 76.2
g



Automatic Post Editing (APE)

. APE 4574 S 2Bt AT

Embedding /+M HA

Pretrained Model EH
Aldists & 20|22 7|4t

[ ==

Transfer Learning

Data Augmentation

Quality Estimationi}2| 8}
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Input of APE

=2 x =l =2 A =2 35 = S o =2
src2} mtE X 2|5t= encoderg O E 74 src2t mtE ¢t &322 HESIH =8 49
Output Out
sl put
Frobwtsiita Probabilities
Linear
N x r—q\

Add & Norm
. Feed Forwardl
g Nx | - — Feed
phdd 2 Fom 2 Lo
g 1\-[ulu-l~¥ead
= Nx | Multi-Head
§ e g s Attention Nx
s Multi-Head Multi-Head
g Feed Forward = Alle:lion Attention NX
: T ) [ i e | |
(2] Y W, y y
2 Add & Norm Add & Norm Multi-Head Multi-Head
3] Multi-Head Multi-Head Masked Attention Attention
o Attention Attention Multi-Head = o,
) 1 Attention { )
<, " J - 3 : ! =
> —_—
% » O— O™
9 Posl | Shared Embedding I
S ositional e Toput T
5 Encodi
= 1eOTNE | Embedding ’ Embedding Embedding l
g T 7 <S> STCy, .0, STC5) <[> I <s> pey, ..., pejp| </s>|
S sre mt pe mty, ..., Mty </5>
g (Shifted right)
=
s Transformer-based Automatic Post-Editing Model with Joint Cross-Lingual Transformers for Neural Automatic Post-
[} . .
S Encoder and Multi-source Attention of Decoder (ACL 2019) Editing (WMT2020)



Input of APE

=2 x =l =2 A =2 35 = S o =2
src2} mtE X 2|5t= encoderg O E 74 src2t mtE ¢t &322 HESIH =8 49
Output Out
sl put
Frobwtsiita Probabilities
Linear
N x r—q\

Add & Norm
. Feed Forwardl
g Nx [ E— =
Laga & Noew I3 Forward
g 1\-[ulu-l~¥ead
= Nx | Multi-Head
§ e g s Attention Nx
s Multi-Head Multi-Head
g Feed Forward = Alle:lion . Ane:tion NX
: T ) [ i | |
(2] Y W, y y
2 Add & Norm Add & Norm Multi-Head Multi-Head
3] Multi-Head Multi-Head Masked Attention Attention
o Attention Attention Multi-Head = o,
) 1 Attention { )
<, " J - 3 : ! =
4 b O— D
c
< o R 74 | Shared Efhbedding |
S ositional e Toput T
5 Encodi
= 1eOTNE | Embedding ’ Embedding Embedding l
g T 7 <S> STCy, .0, STC5) <[> I <s> pey, ..., pejp| </s>|
S sre mt pe mty, ..., Mty </5>
g (Shifted right)
=
s Transformer-based Automatic Post-Editing Model with Joint Cross-Lingual Transformers for Neural Automatic Post-
[} . .
S Encoder and Multi-source Attention of Decoder (ACL 2019) Editing (WMT2020)



Transfer Learning
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Transfer Learning

Output
Probabilities

LM based APE

Add & Norm

Feed
Forward

2)

Multi-Head
Attention Nx

BERT—baseZ2= 2 ; m— BERT—baseZ2 2 2
encoder+ X0 2 &2 NX encodertZ& & oLz}
decoder= random initialize [ Add & Norm | Masked decodert 0| & &

Multi-Head Multi-Head
Attention Attention
L g g =

1)

| Shared Embedding |

<> STCy, v\ STCsy </5> <s> pey, ..., pep| </s>
ml,, ...,mllul </S)

— 201949 WMTO| Al = mBERTE encoder, decoder0] B 2A|Z1 REO| JI1& 4t s
— 202049 WMTOIM = decoderE random initialize
— X 7HK| mBERT, XLM, XLM—RE At 52H = &2

12



Transfer Learning

Translation Language ai
Modeling (TLM) R les bleus
| Transformer
Token . —
embeddings Us] the | |[MASK]| |MASK]| | blue /sl /s] | |Mask)| [ideaux| |etaient| |MASK]| | [s]
- + + - + + + - E E
Position
embeddings 5 1 2 3 s 5 0 1 2 3 4 5
+ + + + + + + + + + +
Language en en en en en en fr fr fr fr fr fr
embeddings

— Parallel corpusE SdhA EE S ARt Sot= HEHZE A A

— srcet tgtE
— MLM2} Of&F
— src8| [MASK]Z

tgt9 [MASK]E

St =Z ‘&475'3%01 DEol dEE Fde

M2, B =282 dFE [MASK] token2 = X| &t
2| 3l A tgtol dEE 0|&

M srcll YEE 0|8
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Cross-lingual Language Model Pretraining (https://arxiv.org/abs/1901.07291)



Transfer Learning

XLM-R
" take U] drink now
A 1 A 1
Transformer
O S S S S S S S S S
gg:(begddings Us | [mask a seat Il”ASKl have a [MASK] ’s] IIMASKI relax and
- - - + + + + + + + + -
Position
embeddings 0 1 2 3 4 3 6 7 8 9 10 11
+ - - - - - - - - - -
Language _
embeddings No language embedding

— 10070 {2l mono corpusE & MLMZ|BFO| AtMstE &I
— RoBERTa &t

— Common crawl O|O|EH 2 =&

— Language embedding=2 AtESHA| 22
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Unsupervised Cross-lingual Representation Learning at Scale(https://arxiv.org/abs/1911.02116)
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Transfer Learning

NMT based APE

HW-TSC’s Participation at WMT 2020 Automatic

Post Editing Shared Task
(WMT2020)

— ANE&SE transformer NMT22 0| APEE fine tuning

— M 2HZ fine tuningstX] &1, BAL(bottleneck

adapter layer) T T2 T 510 aljY 202

tuning

— OOl S&7I8 & HE0Al &1, 0% APE training

— src2t mtE e =2 E HEols A 0[d2=E
= 3ol AAHeE ddstmt’ = F

srcll peE So
HEstH =5 +d

http://www.statmt.org/wmt20/pdf/2020.wmt-1.85.pdf

lllllllllllllllllll

L : !
[ ourgs | ; | Softmax |
: oject : I
; mw Il [ Linear |
tll mProjeat fIl1 . )
E - I :i', -.IH %, Am &mm‘l *
' ' "‘._hﬂ" 1 y
................... | BAL
. Feed Forward
~ Add &Norm Add &Norm_ s,
[ BAL | Muilu-Head
Feed Forward | (—
L } {_ f J
Add &N Add Sorm_
- orm . ]
T BAL LB
|_ . ] Masked
Mult-Head Multi-Head
Attention Attention
— 1 Nx Nx L—J_
\ < g
[ Input | Output J
Embedding —— Embedding
<83, 8rC, <=>, mt, <g>, mt" | - pe

15


http://www.statmt.org/wmt20/pdf/2020.wmt-1.85.pdf
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Data Augmentation of APE

— WMT20200| M X S =

peS tgtE st triplet(src, mt, pe)
+=

eSCAPE:a Large-scale Synthetic
Corpus for Automatic Post-Editing

APE=& O O|E = 7,0007H

=0 Al Tl 0| S& 7|

Denoise

(src, tgt) 2 T4 E HE IHAY
tgtoll noiseE F7I5tH mtE MA

peS tgtE St triplet(src, mt, pe)
—+=

Noising Scheme for Data
Augmentation in Automatic
Post-Editing

16



Data Augmentation of APE

— SE23HO|EHI7I B2 X U2 HO{4o| AP, eSCAPEHHZE ME357| 0{H S

— Parallel corpusZt NMTEE 2 MIE0E 55| 25X 42 HHOAME OO 54 7t

Denoise

We _ the world
(src, tgt) 2 8= HE FIH A9
We are in the world tgtoll noise 7}
We are the world
We is the world

We the world are
Noising Scheme for Data

Augmentation in Automatic
Post-Editing
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QE in APE

- QE: HYE 29 FH2 055t 22 (HH+F)

— mt2 tokens &, LFO| Rt F== [MASK]Z |2t

Cross-Lingual Transformers for Neural Automatic Post-Editing

(WMT2020)
SIrc SIrc
2 @ Mo M & H=E= 2 H ™o M H HF==
T4l 07t Ao AsH T F40 5047 A0 YU pe
QE APE A few years ago, | broke
mt model mt’ model into my own house.

A few years ago, | [MASK]
the window of my [MASK]
house [MASK] [MASK]
[MASK]

A few years ago, | entered
the window of my house
with a break
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https://www.aclweb.org/anthology/2020.wmt-1.81/



QE in APE
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Cross-Lingual Transformers for Neural Automatic Post-Editing

8 (WMT2020)

_;i Src APE Edited

< 2 9 Mol N A HES model sentence

] 247 S0{ZF Mol Y& T pe

§ —_— BFIE Edited e QE A few years ago, | broke
- mt model sentence model into my own house.
g A few years ago, | entered :

& the window of my house APE Edited

g with a break model sentence

g

5 https://www.aclweb.org/anthology/2020.wmt-1.81/



QE in APE

Systems TER] BLEU?T
Baseline (MT Output) 31.37  50.37
APE Transformer 2052  52.70
APE Transformer + Sentence-QE 20.10  52.99
Word-QE + Sentence-QE 30.27  50.83
APE Transformer + Word-QE + Sentence-QE 28.83  52.80
+ Ensemble 2847 53.82

— QEE H 8¢t Ensemble 22 = Sl 4 £2 UE ds= 7l = U
— G APERE D} EIHE QEHOIH & Soll QEZR S =2aiof &
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https://www.aclweb.org/anthology/2020.wmt-1.81/
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APE Summary

212 2 A 14U separate src, mt / combined src, mt

— At &S 2 LM based / NMT based

— O O|E| &Z&: eSCAPE / denoise / No augmentation

— QEOl S| _.C_lo:l_lf'_

22



APE SOTA

) 5 u‘q":'h'
- : ¢
: E | Softmax
: | |_Out Project I -
f mew I ___ Linear |
E | InPrq | E —r[ \
AV ‘ J 0S| Add &Norm
1. LM basedZ2H 0| Ot , NMT R = R I N BM_
ANESEEEE 28 |3:| "Feed Forward
( I
: , - ol ~ Add &Norm Add B:NDII'H -
2. Fine tuningA|l BALT+ZX = ¢ BAL ) e
2 . Feed Forward | Anention |
P 3. Data augmentation= & &MstX| &40, jl s
g =~ N 33:' |:| Sk Add &Norm =
S T =&H HO|HBIL 2 ots ~_Add &Norm [ AT .
;‘:g O —_ - _ ] (e>) | B‘?L ] MaﬂlkEd
4. dH s 2 0, AMH2R 498t mt’ = Ml Head Mult-Head
- = tt
TS S U1 T
g — & ZE2 <> src <s> mt <> mt’ —— Nx | | Nx —F—
fiﬁ’ [ Input ] qut.z:t J
E 5. QEEH S &EFFensemble 22! S— -
Iz <&, 8C, <S>, mi, <s>, mi <o pe
g HW-TSC’s Participation at WMT 2020 Automatic Post
= Editing Shared Task
§ http://www.statmt.org/wmt20/pdf/2020.wmt-1.85.pdf



http://www.statmt.org/wmt20/pdf/2020.wmt-1.85.pdf
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APE SOTA

1. LM basedZ 20| Ot NMT 2 =
ANFst&ERH 2 223

4, =2 2 I, AMAHEE Hdot mt
FIRczE HZA
— Q& BX2 (s> src <s> mt <8P mt’

http://www.statmt.org/wmt20/pdf/2020.wmt-1.85.pdf

fjo

pe, <&
———
; Softmax
Out Progact : t
RsLU i Linear

In Project : [
Add &Norm =
|

LS BAL
En-De En-Zh
System BLEU TER BLEU TER
baseline 50.37 31.374 22.62 60417
+ Fine-tuning 59.51 25941 31.74 49.257
+ External MT  65.72 20959 37.37 47.830
+ Ensemble 66.96 20.222 37.83 46918

Submission 66.89 20.21 37.69 47.36

{ | ] t [ ),
\ N » N x : J

Irpaut Output
Emibadding Embadding

<H> SC, <2z Ml <s> mi <S> pe

HW-TSC’s Participation at WMT 2020 Automatic Post
Editing Shared Task

24


http://www.statmt.org/wmt20/pdf/2020.wmt-1.85.pdf

APE SOTA

" pe, <fes
Y — Y, f
e E | Softmax |
| owproea |l =
; RalU ] E [ Linear ]
Bottleneck Adapter Layer ¢+
/ Adapter - s,
« Feed forward network2t Z0| | M : ’
Dense layer 274 2} activation function2 = : (OO O,O CO| : f 1
M E : ( ) : ~ Add &Norm Add &Norm <
o I Feedforward | 1 E
: up-project ! [ BAL | Multi-Head
2 . _ —~ : | - 3 Attention
. « Pretrained model2 && 2td & freezekl | —— | S — B - —
8 finetuningst& S BALO| A O &I S = : | e : Add &Norm
= - 1 : ~ Add &Norm [ EAL
g « Adapter layerOl| skip—connection?*Z& £ | OO0 : ___BAL | Masked
%, — OFOF Adapter layer?t OO 7t77t2 4L & : [ Fontioract ] ! 'Tlﬁ'HFad Multi-Head
7 StEE = 42, identity blockdt 22 g | i i — Senion
§ : I | L__j h-x N L__J
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