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Yk ek k 10 “Exceptional”

4+ The location was super convenient
2 x| 0§ H2|Mct

= | didn't know the hotel offered parking until after | already parked
Li= L§2t OO b8 £0j0F 1 29O FaHE Hos A AU

2019.0225. UE=20{¥ Idi

Yk ok 8.3 “Very good”

+ Central location, great for exploring the City. Clean and spacious room for us and our 2 children, Great lift system, s+ «~
SAX|, TAI® HYsh=dl OiF FCt P2| 5 Ol0|F I8 MRs0 J2 W 9ichst 2|ZE AIAY, B I|CIAS E- ~

= The live music on the Thursday night sounded great, unfortunately we were listening from our room whilst trying t-++ ~
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1.2 SiLIC| B | 9] TH7j|

I'm going to Makkon this weekend.
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1.2 SfL}Q| EHQiD| o] St

I'm going to last concert this weekend.
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M 2 et A2(Domain adaptation)?
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1.5 In-domain data 4

M 2 et A2(Domain adaptation)?
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Q) T=202t AR Tz HO| O|O[E S B2 HIO|K=Z 2h=0HH?

—
M2t HA2 O|0|E{ 2] 20| H[Z|SEK 21 A|2tat =2 H|E0| 2R (+ oLt X[

MLLE L

Q) 718H[?t 21 £2 82 HIOIRT?

350l 371=0| O0]oj5r7| A2 H|O|F =~
=, HotalXt of= 350l shgkl= Hl0|F 4~

+




DEVIEW

23}0} 8= 0|2

o

x
olr
|
=
I=
JU{u
M

Q) T=202t AR Tz HO| O|O[E S B2 HIO|K=Z 2h=0HH?

=
HME7HHY 2 40| B 2] 2ol H[2|5F] 21 A2t} =2 H|&O| E& (+ Of| ¢t Xj[St)

Q) 718H[?t 21 £2 82 HIOIRT?

Ad
o

o|r

0| t20| 0joj5}| XTio) HolEf




DEVIEW
2021

Q) “YIx RHELCH 2 10%HE H5 TdE ZHQ HE HY nES A ACHH HofLt
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Heuristic solution
CIE E0|2I0f|AM Hs 71 Het Jeja s
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Heuristic solution
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1.7 7|E w20 31 U of24 2

M52 0|Z56H= Machine Learning model
2} anchor point case0| CHsl|A ‘d5= 0|5ot= 2|+ 22= TS|

M| *
O o (1) Domain indicator

(2) Number of sentences

l
x X X XXX W
|
Doma?nA- Y
Domain B 1S BLEU:313
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1.7 7|E w20 31 U of24 2

M52 0|Z56H= Machine Learning model
2] anchor point case0| CHolA d5= C|5ot= =l ZE2S =7

Problems in Corpus-level 2|¢# 2&
1) One Anchor point == one training data
- S}Lt9] training datag Y2| QoA = $HHQ| finetuning0| 2 Q

- B9l finetuningd| 222 computation coste} A[20] 22 F.

2) Unseen domaindi| C{SHA{ generalization 50| 2%

Domain A R
Domain B 1




1.8 Challenges

CH=2| MPPHX] Z2E TEA|FHOF

L

1) H 2 training anchor pointsE AIE

2) W2 2% 90| £HY olo] RS #Eoto] RHO| o
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2.1 B2 training anchor points
Ct=2| MPHX| Z2H S DHSA|0F &

L

1) H 2 training anchor pointsE AM2

2) W2 2% 90| £HY olo] RS #Eoto] RHO| o
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2.1 Instance-level framework

Solution 1 : Instance-level framework
olLt2C| anchor pointO{|A] N7HS| training examples= BH5

L—
2 anchor point & &2 2 230 CHoHAM IS E 452 = ™2 A0 2 =86 et

Number of sentences : 10,000 Predicted performance
Domain feature1: 2.43 - of the input sentence
Domain feature2: 8 21.73

Input sentence f(O)

X y
fx) >y

y : performance
x :anchor point ( * anchor point == adaptation cases )



2.1 Instance-level framework
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Solution 1 : Instance-level framework
B290| CF=2t Corpus vs Instance-level?

Corpus-level

Instance-level

1. 2% KIHC| training H|O|E| ¥S
2. HI2 anchor point2| ds= M=

. N*KIH<| Training H|O|E{ ¥Z

2t 25 2 Y52 0l5sA, oIS
Taa2 8= B U2 E anchor point
Y502 0%

* 218 : K| anchor pointE training data £ =%iof?| £l ¥ CHH



2.1 Instance-level framework

Solution 1 : Instance-level framework
°ff )7

1. N*K7H€| Training anchor point ¥

- ACHEO 2 M2 finetuningl 2 BE= oh5 715
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O = anchor point

0
- 2t SR HE A5 OIN B CHE| 2U ofo] 25 S0 L oS



2.2 Features

CHSO| MI7FX] ZHE THEA|HOF &

L

1) ML training data anchor pointsE AL

2) 92 273 90| £HY olo] 2E2 ¥goto] RHO| o
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2.2 Features

Solution 2) =0|Q1e| EAME HO| & &~
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Solution 3) £FY HO 280 ARSI L& = U= featuress=E HO

Number of sentences : 10,000 Predicted performance
Domain feature1: 2.43 - of the input sentence
Domain feature2: 8 21.73

Input sentence f(o)
X Y

flx) =y
y : performance
x :anchor point ( * anchor point == adaptation cases)
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2.2 Features

Domain adaptationA|0]| Y= = A2 2 Of|d &|= 29:
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- M=ZEZ EHQ10] baseline NMT 220{|AH| B0OtL| 0242 X[ ?
- Finetuning St= in-domain Cf|0|E{ 2F2] 75 HZF
- 2t anchor point2]| training dataset 0f|= YOIt 22 HEI S0 U=X]?

- Domain adaptation ¥112|S3} sto|m{oj2f0|E MEH



2.2 Features - NMT encoder
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U= 2|2 &8

1) Baseline(general) NMT encoder representation= 22

Medical | Law | Koran | IT | Subtitles
Medical 56.5 18.3 1.9 11.4 4.3
Law 21.7 59 2.7 13.1 5.4
Koran 0.1 0.2 15.9 0.2 0.5
IT 49 0.6 2.8 43 8.6
Subtitles 7.9 5.5 6.4 8.5 27.3
All 53.3 572 | 20.9 | 42.1 27.6

'''''

koran
subtitles
medical
e law

Figure 1: A 2D visualization of average-pooled BERT
hidden-state sentence representations using PCA. The
colors represent the domain for each sentence.

Table 4: SacreBLEU (Post, 2018) scores of our base-

line systems on the test sets of the new data split. Each
row represents the results from one model on each test
set. The best result in each column is marked in bold.

- Goldberg et al. [1] =20 & & El BERTE 285610 2t
22X representation2 Sol| =H|QI H 120| I8

- BERT CH4I0]|, et5 =l Baseline NMT & &80l = &,

[1] Aharoni et al. Unsupervised Domain Clusters in Pretrained Language Models , ACL2020
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2.2 Features - Domain difficulty
Az E0QIef Hol

'S5 2) Baseline 20| olid =5= 0L & HHo

Intuition)

ol=X| THE A0 =TT e8I =&

Trained

- | o
THO| OF 2 BES  A4A

S 2 48 Xoll ‘E8A gils X 7E

-

- Trained domain(seen domain) => Easy/Confident

- Similar domain => Relatively easy/confident (Domain A) domain

- Distant domain => Hard/Uncertain (Domain B) |
Distant == Hard

"Q@52 O LIOtX| A 2 ZHSL|CE” - > Okay ! &/
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- Least-confidence score

1 * *
52{21 1 —Po(y; % y<i)
Po(vi|% y%;):decoding stepl| i HIY stepOf|A{2| &E 2}

- Margin score

1 * * * *
_EZ?L1P9(Yi,1|x»Y<i) — Po(¥i2|%,¥<i)

- Average token entropy

Z _,entropy(Po (y; 1%, v2;))
- LaBSE[2] score

- LaBSEE &8¢l baseline model0] ‘4-g¢ot 21t |l 18 &8 22| Q0|2 RAE 573

= =20 -

o
- BE feature 5 monolingual 2% 0j|A X It
- DR0| HotLt 2H4lS FX|HM H =X 57

-1 O O A L.

[2] Feng et al. Language-agnostic BERT Sentence Embedding.
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2.2 Features - Corpus-level

Finetuning St= in-domain H|0|E| QFe| HE =

HttH) in-domain Ci[O|E{7} O| 0| A+23t general datasetOf|A EX| 942 HEE JpX|1 J=X| =

training datasets 22| FAFE 578

Training dataset leveldjiA HEZFS = => Corpus-level features
- Baseline NMT gt&5 2712} SAet training data22t O|f{ X S ™M - Less informatic

- Baseline NMT &k& 2%} 40|t training data=22t 0|2 /2™ - More informatic



2.2 Features - Corpus-level

Corpus-level features

- A mount of tokens in S; , where S is the monolingual sentences of the in-domain

The average sentence length in tokens/characters
Type-token ratio

Vocabulary overlap ratio between the general dataset and S
The number of unique tokensin S

The number of sentences in S;

- 5= corpus-level feature = monolingual sentencez £E ==&

DEVIEW
2021

Number of tokens : 10000

g Vocabulary overlap : 0.5
@
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2.3 Overall Architecture

Encoder pooling components [2] : EH[QI EM ==

Fusion Layer: ===l features®} encoder pooling 2| output g £ 0|

y*
N
Fusion layer
Ercode poding comporent | —T— oy
A
' Max-pooling layer
T r 7 T :
| S
A 21 29 leee e @)F(m) €( d)
< pad > €hos €1 €9 €n T T
e 4, SECESRRIAN N 4 AR Rt me T S?
F i Xe d i n t h e Baseline encoder (Mg) /\ Multiple convolution filters
o 1\ 1\ ,P ’P qu F( o ) Extracting instance-level features
n n T bos {[}1 532 o060 wn £ ( . ) Extracting corpus-level features
training

[2] Kim et al. Convolutional Neural Networks for Sentence Classification. EMNLP 2014.
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2.4 Summary of methods

Domain adaptationA|0]| Y= = A2 2 Of|d &|= 29:

- =50| 7k U= =2 S8
- Baseline NMT encoder representation A&
- ME2F EH|212] HOo|=
- Domain difficulty features?| d2| &l &£
- Finetuning 8l= in-domain CI|O|E{ Qo] X & 2

- Corpus-level?| features2 HHEZF F=
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2.4 Summary
CHE2| MPHX| 2245 THSA|7{0F &

1) M2 training anchor pointE A&
-> Instance-level framework £ X|2t5}0q s &

2) 5 23 30| T olof 22 #gotol 2| o5

-> B = features= monolingual sentenceftC 2k gt = QA2

3) 2oj|o] =H|IQI0|E XEtst M=

O L

-> Domain difficulty featuresgt NMT encoder representation= &



3.EXpereiments and Results



3.1 Experiment settings

NMT model

Baseline model : Transformer X2} WMT-20 (en-de,de-en )4|O]
Finetuning model : Baseline model 2 F&¢t In-domain corpusE
Data

51| =S &8

Anchor points

Label(y)

= BlZ20f|M= BLEU 2L} chrF 20| & X[ A

83t (Koran, medical, Law, subtitles, IT) [1]

: Ok, 1k, 10k ,20k , 100k
- KoranZt 20| #1A[ H|O[E{2| 47} 100k Of=H ¢

DEVIEW
2021

&8510f St

E| &
2l 25| A finetuning

B35 20k Gi[O]E] X[ Bhz5

|
- Leave-one-out setting : 4712] =0|?12] anchor pointE =2 ghgotl eS| =H|2Io 2 Tt

- £hel= 7HX|= Corpus-levelQ| 22 2f &38| chrF 48| B a2 = 9

AX| 2 finetuningZ 0| Ho{tH chrF Z

J_

7|‘° |-_9_0|-EE 0|'

2k I} correlationO] AoHA] chrFii= YIIC 2 ALE

[1] Aharoni et al. Unsupervised Domain Clusters in Pretrained Language Models , ACL2020
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- Exp3

- 19712] training anchor pointsE &&8{A| Exp3 &$E fitting (exp3: y = ¢ — e(74¥+0)
- XGboost

- Tree i1 1007l , Maximum dept 10 .

- Xgboost-corpus : Corpus-level frame work H 2| XGboost &2 &

- Xgboost-instance: Instance-level framework H712[ XGboost 2 &

- Domain difficulty features2t corpus-level features 2t At&

- DaP/{features_name}

- DaPOj|A| {features_name}= i =

- DaP/DF : Domain difficulty featuresg= X|A

- DaP/NMT Enc : Encoder features& X|*

- DaP/Corpus : Corpus-level featuresE M|
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3.2 Performance on the unseen domain

Domain Ce| A= e =
OSEA| J24&nf?

Domain A R
Domain B 1
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3.2 Performance on the unseen domain

0.8 il 0.8 Koran 0.8 Law 0.8 Medical 0.8 SuBtEes

/ ]
04+ 0.4+ ~ 0.4+ 044+ 0.4-

0.3 +——— 0.3 +— - 0.3 +———— 0.3 +—— 0.3 +———
01k10k20k 100k 0 1k 10k 20k  01k10k20k 100k  01k10k20k 100k  01k10k20k 100k
—#— gold -—=— exp3  —%— XGBoost-instance  —e— XGBoost-corpus  —a— DaP

* x-axis : O|0|E{ 2i=~ | y-axis : corpus chrF 2f
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3.2 Performance on the unseen domain

0.8 il 0.8 Koran 0.8 Law 0.8 Medical 0.8 Subtitles

0.3 +—— 0.3 +— - 0.3+——— 0.3 +—— 0.3 +———
01k10k20k 100k 0 1k 10k 20k  01k10k20k 100k  01k10k20k 100k  01k10k20k 100k
—#— gold -—=— exp3  —%— XGBoost-instance  —e— XGBoost-corpus  —a— DaP

————————————————

——Overestimation problem

————————————————

——Underestimation problem * x-axis : H|O|E{ 2=+ y-axis : corpus chrF 3}




3.2 Performance on the unseen domain

Corpus-level

Instance-level

Corpus-level

Instance-level

IT | Koran | Law | Medical | Subtitles | Avg
German-English/FT
_ exp3 01> (0729 [ 0305 0.397 0.321 0.288
| = xGboosteompus 01D 1 029 | 00y - 0D U | U260
| XGboost-instance | 0.084 | 0.201 | 0.062 | 0.176 0.126 | 0.130
DaP 0.009 | 0.058 | 0.057 | 0.094 0.015 | 0.047
DaP / DF 0.01T | 0.065 | 0.058 | 0.117 0.022 | 0.055
DaP / corpus 0.049 | 0.045 | 0.097 | 0.117 0.052 | 0.072
| DaP /NMTEnc | 0.025 | 0.148 | 0.085 | 0.081 0.061 0.080
English-German/FT
exp3 0.035| 0.18 | 0.116 0.114 0.112 | 0.112
XGboost-corpus | 0.111 | 0.081 | 0.169 0.169 0.029 | 0.112
XGboost-instance | 0.072 | 0.157 | 0.159 | 0.116 0.09 0.119
DaP 0.048 | 0.107 | 0.123 | 0.041 BOoE | 00
DaP / DF 0.065 | 0.102 | 0.123 | 0.044 0.053 | 0.077
DaP / corpus 0.048 | 0.086 | 0.126 | 0.043 0.063 | 0.073
DaP / NMTEnc | 0.043 | 0.169 | 0.125 | 0.016 0.095 0.09
“ 2t 4D

DEVIEW
2021

Instance vs Corpus
Instance-level £ o= B2Z 0|

HEHEOZ Ol £2 453 HOIE

Hf2 2X|2F 0|= 2fAO0]2] Root Mean Square Error(RMSE)E 2|0



4.2 Performance on the unseen domain

Ablation from

full model

Ablation from

full mode|

IT | Koran | Law | Medical | Subtitles | Avg
German-English/FT
exp3 0.125 | 0.292 | 0.305 0.397 0.321 0.288
XGboost-corpus | 0.197 | 0.235 | 0.305 0.435 0.157 | 0.266
XGboost-instance | 0.084 | 0.201 | 0.062 0.176 16 0150
DaP 0.009 | 0.058 | 0.057 | 0.094 0.015 | 0.047
DaP / DF 0.01T | 0.065 | 0.058 0.117 0.022 | 0.055
DaP / corpus 0.049 | 0.045 | 0.097 | 0.117 0.052 | 0.072
DaP / NMTEnc | 0.025 | 0.148 | 0.085 0.081 0.061 0.080
English-German/FT
exp3 0.035| 0.18 | 0.116 0.114 0.112 | 0.112
XGboost-corpus | 0.111 | 0.081 | 0.169 0.169 0.029 | 0.112
XGboost-instance | 0.072 | 0.157 | 0.159 0.116 0.09 0.119
DaP 0.048 | 0.107 | 0.123 | 0.041 BOoE | 00
DaP / DF 0.065 | 0.102 | 0.123 | 0.044 0.053 | 0.077
DaP / corpus 0.048 | 0.086 | 0.126 | 0.043 0.063 | 0.073
DaP / NMTEnc | 0.043 | 0.169 | 0.125 0.016 0.095 0.09
* 2k Antre

DEVIEW
2021

Ablation study
- DaP 7t [5/10] 2] caseZ £2 d5&

HHS
- NMT Encoder representationO]

M5 o0 Q3 g st
Aoz 2492

2 X2t o|= 2fA10|2| Root Mean Square Error(RMSE)ZE 2|0}
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3.3 Interpolation and Extrapolation

Domain Ce| Ms T =
OSHAH| 24 &N}?
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3.3 Interpolation and Extrapolation

‘ Interpolation ] Extrapolation ‘
model 3K 40k 160k
exrps 0.1087 | 0.1640 | 0.1934
XGboost-instance | 0.1546 | 0.0922 | 0.1125
DaP 0.0063 | 0.0080 | 0.0413

- Training Al| 2 anchor point= (1k,10k,20k , 100Kk)
- Interpolation &1} : 3k, 40k ; Extrapolation 21} 160k
- ExtrapolationO| 215 0{E?| hF0f| 80| HEIE O = X{otx| X[ F10| =

O - O =
2 3ds= BNz
* 28 A2 AX|2 K|S 2XA0]2] Root Mean Square Error(RMSE)E 2|0



3.4 Analysis of errors

0.

8

0.8

0.3 ————
01k10k20k

————————————————

————————————————

Koran

Law
0.8

Medical

0.8

0.3 +——
100k 0 1k

—»— gold

10k
—m— exp3

0.3++——
20k 01k10k20k
—¥— XGBoost-instance

-Overestimation problem

0.3+———
100k  01k10k20k
—e— XGBoost-corpus

-Underestimation problem

—a— DaP

0.8

Subtitles

DEVIEW
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0.3 +———
100k 01k10k20k

100k
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3.4 Analysis of errors

Medical Subtitles
== train e train
test test

2
z, Z‘ .3' 1
£ £ 21
c 15 c c
ot 8?2

1.0

1
05
04 0.6 04 0.6
ChrF Chrf

04 06
ChrF

04 0.6
ChrF

2t 0|21 O}Cte| leave-one-out settingO|A] train/test LI|O|E{| chrF &I A|2tg}
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3.4 Analysis of errors

R Highest shift  ------------- :

Subtitles

04 0.6
ChrF

2} leave-one-out setting0|A] train/test H|O|E{ chrF distribution X A|2ts}

Train 2} Test X7t 2 X[0| & 7IX|=
leave-one-out settingiM 2 0|21 7Ia
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3.5 Performance with Ok anchor point

Domain Ce| Ms o=
OSHAH| O 2&INf?

HX| ¢2(Unseen domain)2]

OK anchor pointE &LCH?

Domain A R
Domain B 1D
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3.5 f 1th Ok Nt o
5 Performance with anchor olelip
0.8 IT 08 Koran a8 Law - Medical 0.8 Subtitles
0.7¢ 0.7 -
0.6 -
0.5
|
|
|
|
0.4 - 0.4
:
|
0.3 +———— 0.3 +— T 0.3 +——7— 0.3 +——— 0.3+—7
01k10k20k 100k O 1k 10k 20k 01k10k20k 100k 01k10k20k 100k 01k10k20k 100k

—#— gold - DaP  —-- DaP+0k

MHEI™O| gyerestimation/underestimation &X|7 2 A1 =l

* 20 A2 252 o|= 24A0|2] Root Mean Square Error(RMSE)E 2|0}



- 2021
3.6 Performance on Ko-En pair
Colloquial News Culture Government Ordinance | Avg
Korean-English/FT
exp3 0.039 0.042 0.043 0.124 0.192 0.088
XGboost-cropus 0.085 0.136  0.094 0.151 0.209 0.135
XGboost-Instance 0.213 0.217  0.062 0.078 0.122 0.138
"""" DaP | 0019 0103 0.025 0103 009 | 0.076
~ DaP/DF | 0.025 0.120 0.029  0.083  0.098 | 0.078
DaP / corpus 0.037 0.135 0.031 0.074 0.104 0.078
DaP / NMTEnc 0.025 0.286  0.026 0.082 0.083 0.112
25 0 2 DaP 2 Z0| Ko-En H|O]E{0]| CHOHA ot8s= H0|1US= T+ U

ol

DEVIEW
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4. Conclusion & Future work

Take-home messages
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