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A 0] 2{2|(Natural Language Processing) 7|&

o X}HO|: Xt 210, LHt AL2|0f| A Xr%l Aot M0l QO
~- Uu 28 Jojet BojE PE ROl i3t =
« X}HO| 2| (NLP) = NLU + NLG

— a branch of artificial intelligence that deals with the interaction between
computers and humans using the natural language

+ f

@ i,

Copyright® 2020 by ETRI 4/38

AN

nn
sl
0jo
0x
ro
1=

=

_I

IIOJ
_|_
\%




AtHO| 2{2|7t 0|22 0|F7(1/2)

« Ol0{o| C}AAM EaHAlM
— A MlAlof| 7,111742| 207} MEE'
— 0|2 220|Z AIRSH= HI82 10% 0|5}

<H> 5H0 E 0[&0] H12F0{Z A 25l= k1l7=ll 0| £2](2019.2.21.)

= 2iof Rt | ABITME | ASR AE )
1 Z20{(Chinese) =2 39 1311
2 £ 1[210{(Spanish) Aol 3 160
3 % 0{(English) EE 137 70
4 3140 (Hindi) ol 2 a1
5 Ot 9| (Arabic) ALS.C|Of2tH|of 59 319
6 #1Z0{(Bengali) =l E (PN 4 228
7 I 2 E7F0{(Portuguese) T2E7k 15 291
8 2 A|O}{(Russian) 2{AlOfo et 19 154
9 U E0{(Japanese) olg ) 8
10 210 (Lahnda) 07| At b s
1 O}2E|0f (Marathi) olg 1 a3
12 B 2 10{(Telugu) ol 2 82
13 220 0f(Malay) arajo| A|of 20 a0
14 E{7|0{(Turkish) B 7| 8 79
15 &k=L0{(Korean) Ojstar= 6 773

1o

%E"OIE-I _|__I
ImageNet: 14 million
- FOo et=h|olEe] A0, CHEE 42t A O|5t =&
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AtHO| 2{2|7} 0|22 0|F7(2/2)

e Als Lang uage Problem (MIT Technology Review by Will Knight, 2016)
— Machines that truly understand language would be incredibly useful.
— But we don’t know how to build them.

- =H ZM F0ix|= dojetxt & M Jts (RARAD
- SA =R 1= 28 S 1.70p2l0f| Al 7H, 2{4ofl 1| 74 2H= =
— AMZO0jL} 50| OFEl THoj= | 9F 2.7HAeH 2|2 W &0l
3.4120f

- 20 24 H MAHL= °‘|-'rl?T: | € )
- Meaning: 2|, &9, 27, 2|, S, 4% o101
— Context: =24, atz} é}ﬂ ;

i o
— Reasoning: ¢4 §44 22 54 T2

. MolZ|o] ZAA|ELE?
- (HALASY H253222) ALZHS Arsfist Hz|

=Hoj| w2t 2|o)7F 2YE

el *1I71I01| EH°F HiZ 240 22
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AtHO{2| 2|0 E?

« 9|0| (meaning)

GAMES BROWSE THESAURUS WORD OF THE DAY WO
AE SO -5/ 1an :
O AFE SO 7 [P
5 DICTIONARY THESAURUS
2=

ﬂﬂl [:EL Dr:‘kj e mean-ing | \ 'mé-nin @\

(34 A} Definition of meaning (Entry 1 of 2)

1 |:|E|.D| Ll’ %2 % 1 a :thething one intends to convey especially by language : PURPORT

// Do not mistake my meaning.
gH= = A | E£=

2, DGHT' I‘l- o‘—:‘ GH:I' E' '—l e b :the thing that is conveyed especially by language : IMPORT
3 Al_%(ﬂ Ll’ @ Jé:‘|-2| 7 |_;T{| . // Many words have more than one meaning.

[C:'D|0-|] D|};|5 r::-|r::-|4 JIE 2 :something meant or intended : AIM
o B T = /1 a mischievous meaning was apparent

[ signifier (symbol) & signified (idea or thing) ]

* Distributional Semantics
— “You shall know a word by the company it keeps” . r. firth 1957: 11)

— ‘L= (2= AP E HUCH” Aap (o3/m2) "HAL Att2o| S,
— “LI=[AR|9F AF28S SHCH, A8 sm) A, 2p710) 222 o1%sn AE &

T 2l

= M (context)
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Word Vectors

— AA012| 7|2 = 7|AI7t A2|e = U= AFe| LIEel HIE|2 B3l
— word vectors = word embeddings = word representations

Dimensions
dog 0.4 0.37 0.02 -0.34
cat 0.15 -0.02 -0.23 -0.23
lion 0.19 0.4 0.35 -0.48
g tiger -0.08 0.31 0.56 0.07
g elephant 0.04 -0.09 0.11 -0.06
'g cheetah 0.27 -0.28 0.2 -0.43
= monkey -0.02 0.67 -0.21 -0.48
rabbit 0.04 0.3 -0.18 -0.47
mouse 0.09 -0.46 -0.35 -0.24
rat 0.21 -0.48 -0.56 -0.37

. Sz o|0|2 Aol olycl
— Clo| 22+ ciak 71o| SALT AL 7ts

- O, L= L.—

— C}Fst EfA 0| Fine-tuning= S5t 20|eks A8 Jts
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Language Model

* Language Model
~ 20|21 2U0N CkS THO|Z 0 S5Hs EfAIS S35t Al AS
More formally: given a sequence of words ASI R AC N :1:(*),
compute the probability distribution of the next word (1) :

Pt 0, M)

OI

where (1) can be any word in the vocabulary V' = {w, ..., w)y|}

72 240 A0iRY A Of

8]
r }{I—
fir

- Google Z A
L =T 7|YRIE BECG
=

e BECH AXHAOf

e 2ECHEY

Xtz 2ECH0]0F7]|

o L L L L L H P

01
=
O:I
=
7|
=
GX = EEL} meaning
o
=
oo
=
o
=
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Word2Vec

« (Tomas Mikolov, 2013) Efficient Estimation of Word
Representations in Vector Space

— two model architectures for computing continuous vector
representations of words from very large data sets.

« CBOW (Continuous Bag of Words) : Predict center word from
(bag of) context words

« Skip-gram : Predict context (“outside”) words (position
independent) given center word

Table 8:  Examples of the word pair relationships, using the best word vectors from Table [ Skip-
gram model trained on 783M words with 300 dimensionality).

INPUT PROJECTION OUTPUT INPUT PROJECTION  OQUTPUT Relationship Example | Example 2 Example 3
R France - Paris Ttaly: Rome Japan: Tokyo Florida: Tallahassee
wit-2) wit-2) plg - bigge_r _smal]: larger cold: colder quick: qulck?.r
Miami - Florida Baltimore: Maryland Dallas: Texas Kona: Hawaii
Einstein - scientist Messi: midfielder Mozart: violinist Picasso: painter
Sarkozy - France Berlusconi: Italy Merkel: Germany Koizumi: Japan
wit-1) wit-1) copper - Cu zinc: Zn gold: Au uranium: plutonium
SUM L Berlusconi - Silvio Sarkozy: Nicolas Putin: Medvedev Obama: Barack
o . Microsoft - Windows Google: Android IBM: Linux Apple: iPhone
. N Microsoft - Ballmer Google: Yahoo IBM: McNealy Apple: Jobs
wit) wit) Japan - sushi Germany: bratwurst France: tapas USA: pizza
A NN
o / Pwe—z [ we) P(Wesz [ We) \ e Method Time [min] | Syntactic [%] Semantic [%] | Total accuracy [%]
wit+1) ! 5 e | W) ) NEG-5 38 63 53 59
Wey | W b 1 — NEG-15 97 63 58 61
problems  turning banking  crises  as \_ HS-Huffman 4 33 40 47
wit+2) wit+Z) NCE-5 38 60 45 53
' T S R The following results use 10~ subsampling
outside context words center word outside context words NEG-5 14 61 33 60
in window of size 2 at position t in window of size 2 NEG-15 36 61 61 61
cBOwW Skip-gram HS-Huffman 21 52 59 55

Table 1: Accuracy of various Skip-gram 300-dimensional models on the analogical reasoning task
as defined in [8]. NEG-k stands for Negative Sampling with k negative samples for each positive
sample; NCE stands for Noise Contrastive Estimation and HS-Hutfman stands for the Hierarchical
Softmax with the frequency-based Huffman codes.

10/38

Figure I: New model architectures. The CBOW architecture predicts the current word based on the
context, and the Skip-gram predicts surrounding words given the current word.
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BERT: AtHO| 2{2|o] A& Ti2{Ct] A& ('18.~)

* Pretrain then Finetune: A Transfer Learning Paradigm in NLP
— HMHZE:ELMO, OpenAl GPT, BERT, XLNet, ERNIE, RoBERTa, ALBERT, -

Contextual Language Model
+ Masked Language Model
+ Next Sentence Prediction

[0.9, -0.2, 1.6, ..] [-1.9, -0.4, 0.1, ..]

open a bank account on the river bank

Input = [CLS] the man went to [MASK] store [SEP]
he bought a gallon [MASK] milk [SEP]

Label = 1smext

Input = (cus) the man (MASK] to the store [SEP)

penguin [MASK] are flight ##less birds [SEP]

Label = wotnext

ﬁp Mask LM Mask LM \
fr *

-

BERT
[ele]- [elle]lE]-

(== @

Masked Sentence A Masked Sentence B

*
Unlabeled Sentence A and B Pair

(Pretraining Language Model)

Copyright© 2020 by ETRI

* Language Model: Z&(THO] A|A2)9| =

Multi-Head Attention
+ 12~16 attention heads

Gender-specific term

Transfer Learning from
Supervised Data
+ Easy Training(2-4 epochs)
* Less Data

Layer: 5 §

&
- - + Good Results
girt girt
@ and and
L the the
i Doy boy Class
walked walked Label
home home
do}
She She

BERT

(= ](e]l=]

(&= ]

tence Single Sentence

(a) Sentence Pair Classification Tasks:
MNLI, QQP, QNLI, STS-B, MRPC,

(b) Single Sentence Classification Tasks:
SST-2, ColA

RTE, SWAG
StarvEnd Span
CIE)- Cl=)E)- ()

BERT
[ele]- [slle=]l=]- (]
=060 lllﬂlq!T_!P

Question Paragraph

Single Sentence

(c) Question Answering Tasks:

(d) Single Sentence Tagging Tasks:
SQuAD v1.1

CoNLL-2003 NER

(Transformer Model) (Finetuning Language Model)

M
o
=2
4
O
rir
o
M
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BERT ¢10|2 &

« BERTO||A s}{Z6t11A 6= =A| = contextual representation

=
- =A|E
= O O o = =L = =
© 71Z 9IE UHIY M wHe 2uS 1251 2ot SIS 2l
— A Hie

HL- od

= = T TEIK=3 = = =
- Y= = (N7H SO0l Toll M, w2 S A8t 21N =5) S HO{Q
20f Hio) HE| 2 8
i’/ "
y wit1)
x wit+1)
.\i (1+2)
open a bank account
Skip-gram
open a bank account on the river bank (0.9, -0.2, 1.6, .. (-1.9, -0.4, 0.1, ..]
_— f f
’\——Tm’ -0.8, .1 open a bank account on the river bank
(71Z fEYHIE 2L HE ) (BERT &4
(context free manner) (contextual representation)
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BERT ¢10|2 &

 Contextual Representation 42 /=

- Mg
- SSEjAE HEEO| He|'d BED} o5 H[0|EE 0| 8ot EE HE
— AR S
10 T

) iEF Raw H|0[H 27 H £F 20122 (Language Model) 02| &5
pre-train)
) Shed &5 22E S8 B A3 EE AfshE (fine-tuning)5t0] 21&

[ Task SHEL|O|E J [ CHE2F Raw Cl|O|E } [ Task SH5TH|O|E J

Task Language Task
Supervision Model Supervision
Self-Supervision
Task & He{'d 22 Self-Attention 7|8t Ha{'d 22
(ofl: MRC2| &2, TH=f-2F ALO| Attention) (N7H2| 2124 E2 AO|2| N x N Attention)
(71& H2UH) (BERT M)

Copyright© 2020 by ETRI
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BERT ¢10|2 &

e BERT 2&! Pre-training: Masked LM + NSP Task
— 1) SH | 0|2
. U BH Z, 15%9| TO{Z masking & T OIS TR EfAT
store gal
t T

the man went to the [MASK] to buy a [MASK] of milk

lon

L = - st 75t £10} 022 S15104
 BERT &&: YT 2 S 0|8 HOJ 0= ERTOIM 4 2t3t 354
— 7|Z= G HO S Al T Lo 2T 1

(= § r=yi =
- 2) =& =8 A o=
(@) _ 0 = | Iy | = T OFL— OF= —

« Q0|9 &= F&0|| Cloll, &= =&0| M /= 2HA|7} =R = EjAT
Sentence A = The man went to the store. Sentence A = The man went to the store.
Sentence B = He bought a gallon of milk. Sentence B = Penguins are flightless.
Label = IsNextSentence Label = NotNextSentence

— (H|1) FElAT BF BEO[ Y THSA| YU0| B A TSAZ2HR
El| AA5C 2 MM 7t5 (= 80: self-supervised learning)

Copyright© 2020 by ETRI 14/38



ot 0] AHO0{ 2 KorBERT 7HE

5H20{0f| 2/2{31El ol0f B

WE (+= tiH] 4.5% ?+

% BERT 0|2 E0j| A °101 Chelel 24
1. 224 o0 TR = &3 0| ThY| > Q10 T EH S 2 AT &8
- (P2l “WHTRIP Of|A] “ZIPE B THQIZ QA S “FIp c+°|z HHHHOlIA &2
2. BERT ¢0j 28 = QI 21 0f Tl AlO|Q] 2t sh5 2 &

Ak S)et 715 0{(ZAL, 0{0] 5)0] 2E 5t o{ES Fd5k= 3'-"—‘.*01

- (RYH) 4 24

9| “FIp et “HBZFI9| “F I Afo]2] 2= /d(ambiguity) S7t

GO0 10f Ergl Y i g

"Ly ojet 755017} BHfo = gl olof (2H0))

et=10{* 2|0jo 2| Q1 HE|
* LI 02t 7[5017t o E 2 ZEE A0 (n2t0)

o el EIAOM SAHHSE &0 SH Bl n-gram HE  HE{A ZM 0|F, FEHA THR|0f| CHSHA BPE HE Y
5 Y™ U™ (BPE) Y
A Tl 4 CF ##0] = B A ME| $HC SH=10{/NNP_ THOJ/NNG_ &=/IX_ HEHA/NNG_
Mg zy O HHOL DHIOIS BRI ML THICE MO o kg M/NNG EI/XSV_ CCHEF_ JSF_
=% Google wordpiece 2 KorBERT HEfA @l
S240lE] - 7|AISSH: 90.68% - 7|1AI=5H: 95.02% (+4.3%)
Bor2a - HEeelsk 66.3% - SEkeRlsh 73.7% (+7.4%)

Copyright© 2020 by ETRI
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http://aiopen.etri.re.kr/ AtO|EO|M HiZ ZF

(1) et=0] 7|AI=35H 222 62718 S

(2) 7+2 BERT 22! CHH| HF 4.5% S+

1%l (LG CNS 3, 2019.10.25)
(57 Ef£3 Che Had BT

(3) AriA/a7) 22 Toid AojRYE 2k20h2 (KSC 2019, HCLT 2019 =8)

~“anug

32k & ool =L ‘FHE ..

KorERT

20199 06¢ 12 $8Y 7F A=} 204x 136en

72 HE golie}

Kor@QuAD 1.0
The Korean Question Answering Dataset
Leaderboard = ojojoieiy A Sateels 2RGMESE
- HIolE % 7%
KorQuAD 102 Test set2 Z B} Exact Match(EM) 3L F1 score 2LICH
7wy
Rank Reg. Date Model EM F1
(Google)
Word Piecel17]ut
2018.10.17 Human Performance 80.17 91.20 230f dojag
KorBERT-Large v1.0 e
or -Large v1. Word Piece 7|
1 2019.10.25 87.76 95.02 =
ETRI ExoBrain Team 30 Aoj2 2
[CTEE L)
LaRva-Kor-Large+ + CLaF (single) Hefa 7|t 8577 86.40% / 94.18% 737% 834%
2 2019.06.26 86.84 9475 3 ]
Clova Al LaRva Team Tt
3 2019.06.04 BERT—CLKT—EAIDDLE (single model) 8671 9455
Anonymous

ETRL 3¥¢ #39f dojzd 34

24771
A o3 sz pe 5 gms a5e1

S

937%

% KorBERT && =& (MZtl,=E=0{d

o A]&= ETRI[10]o A 2} @%6& BERT base &
BFSATh. BERTE AH8-317] 919 Jefi o=
Hdej& 2471 AFEskelch. ElMos 4GBe] o
HeolHE ol&3std Abd &8k, & F

E 1. 45f=dld 29 ¥ 45 uuEE 24 gEl 01y

in| A -3 AE: S AF AAF
2 DO YEx2|A| A F2IT 2| e )
Model MUC B | CEAFe |CoNLLF1
& 7|8 (5] 4425 | 4521 | 5091 46,79
Ptr-net [7] 59.07 | 55.16 | 53.58 | 5594
EF 1 ,\Ht_1 IS I:-{|0|E|01| e Ms H|J._|’.[%, dev) Ptr-net + char + ELMo [7] | 60.63 | 56.79 | 5546 | 57.63
BERT-coref g (ours) 49.62 | 47.79 | 4629 | 47.90
Model EM F1 BERT-coref (ours) 70.23 | 68.01 | 65.66 | 67.97
TEST
BERT-google multi-lingual (baseline) 77.69 89.98 Model MUC | B' |CEAFe|CoNLLFI
Pu-net + char + ELMo [7] | 52.70 | 48.93 | 46.82 | 49.48
BERT-ETRI 84.82 9274 BERT-coref (ours) 65.98 | 64.03 | 63.64 64.55

Copyright© 2020 by ETRI
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http://aiopen.etri.re.kr/

(1) Ao
(2) 240]<t

el 7|4 o|0j3t
(4727} Hef2)
\/
s Al S 273 44
(A7 23, LHo|= A2
\J

o 22 o=

¥
Ch of&] 7|4t
SHIE 7423 Bt
(ol-* OI-Z-IA'I %tAI-)

KorBERT 20| 2&!

Copyright© 2020 by ETRI

El

| 32 DESHE QU APTIEHS U 1SR
7|8k E0lol S5 HE - 53 20|

- 9|7|3} U A27|AF 23,5 GB (% 154 £2b)
- 47917} Hela T

% Ap7kshs EfA3 2 7F= 2] st 98 Hlw

Whole word masking Single token masking

Dynamic masking Static masking

Flexible difficulty level
(15% = 20%)

Robust Optimization
(8,000 example base)

Fixed difficulty level

Regular optimization
(256 example base)

L 7tE3| et Al ks £t
5t A|, G|O|E] &k QM =7}
- 8,0007H o2 7|t 5t5 Al, SHIE 7}

3 8% 7ts

=, “‘E/BAP7t 25 eye 2|0| T2,

s W nEs)
9 9l s T

uk20F KorBERT
+ HEFOFHIAE

(186MB)

SUA| HIAE

(XML 53GB)

<

Chz of% 7]
g4I 7423 B
1

\ 4

KorBERT-Legal

KorBERT-Patent

oloj=e oloj=e
gIMsH g S ER NS
9 2.01% 7K - 6.25% 7{d
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AH0j2E]| + Bei'd

. k0] 2teof{2| £ of

Aol

="
+ HENAEM /I YQIAL / 0f3] 0| 0| A
- O|ZF2EH /20| olA

. WO|Re | TR

_E_ZI-

A
o

=
oT o

CE LR R

* 7|AI=5H / THE =22t

— 11 2| (not covered)
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AH0{22] + Bei'd

e o}
L_.

0] 210 22| =4 of

- [F#1] 0|2 HolEl

22 292 3

SEf A B . CNNP.
=
SEfASA NNG, NNP, JX, etc o I-NNP
o= = I-NNP
HHAI O X -
7H1 Ef 1AL It /EJ;ST/ NP oTHER
R AL - F
(BIO EfTL 23 & ALR) %JQTG oTHER
ojojg] 23!
o|o|olAl ARGO, ARG1, ARGM-LOC, ETC BT 2 NNP + 7H/JKS B-ARGO
e = /NNG + AF2H/NNG + 2/JKO B-ARG1
(BIO Ef1 23 = AIR)
(B31) WHZTZIL SAIE HAYLCE
2o o|2 2R O/ XOoRI&x (242) HESFIH2 ALY S0 &0 O/ X
URILCE.

SN 34 25

N7H2| 4| S22
(HI0[& & &0l)

AH[2L “TH3j0|2
2|7} -

U= 19 o

| — _I

BH|
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H
6
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S
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=
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CH2F L ol 27 (M/B)

=5
=

O kA0 2 2| = of
|
3
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10
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|ﬁ .OI.
a1 (e
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AT 70 1
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AH0{22] + Bei'd

- ot=0] 2tAHO{A 2| =4 of

— [784#3] EY 2227t otul A= 72 2= 5 (regression)

Q2{E £ 23 Afo|o (21) WHBZIE SATS 2L,
D2 O ALE OfAl TALE Z= Q14 (Z22) HAZIt H2 AR =0] S0 AULE.
o TT I-E — 1
(i.e. 04 ~ 58 AL0]) SALE Z4: 5H
A A HEEL AU7[= ForRlvt?
ZMICtab ) ThE O] 7|7} B2 B ufofl=
A2 U AM T RO e, AT dae ThEwo| ATk, 1 Ayl -
HES Zlot =92 AMCES3 IS U7 |HE E= SUHES -
= . [ =
a2 crey sl A T2 2295 HACHehA: ChE240] 97| 510 BHo, ZY -
[LE T | =T
(HE =g 1.0, (AH=2lzt A
M 0|23 Hek 0.0) HMCI: [HE210| 97| 540 2 i, FY -

HMCHELED: A% TIEHO| YFBH, 1 Y7l -
HMCIZHS: (SR 0| 7|0 EE ZUHPS -
HMCIHA: (HE0| 47|7H B2 Tfofl= -
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AH0{22] + Bei'd

. BH20] 20| of

AMAE J2AZ AL A £ AHE S0 AROJEHE £22 BCS-4M7I2] D2|20| FHRISS LT OS2 OfEl
| AUES TIMOE S, SART 2RSS T2

| AT AE/NNG+2HIX 2| A/NNP+OI/XSN+E/JKB 2| E/VA+w /ETM ZH/NNB E=/MAG A{3/NNG+E/IKO BHE/VV+OI/EC+UY
- /VX+E/ETM ARE/NNG+0]|/VCP+2H=/ETM E/NNG+2.2 /JKB+,/SP BC/SL 5/SN+~/SO+4/SN+M|7|/NNP+2]/IKG 12| A/NNP+2]

SEfA B M | JKG EE/NNG+AH/XSN+E/XSN+2/IKO Z/NNG+5H/XSV-+sCHEF+./SF O|/NP+S/XSN+2/1X OFE|l/NNP AHZH/NNG+E/XSN+2
| /IKO CHAY/NG G+ 2/IKB BHVV-+EP+IL//EC+/SP AAHNNG+EHXSN+2HIC 22 /NNG+E/XSN+2/IKO JI22|/VV-+ Q/EP+L}
. JEF+./SF

{CV_OCCUPATION: AT A E /NN G p+RHIX (CV_LANGUATE: 12| A/NNP+0{/XSN>+E/IKB A| 8] &/VA+- /ETM A/NNB £=/MAG
¢ 2ISI/NNG+E/IKO THE/VV+O{/EC+U/VX+E/ETM AFZH/NNG+O0|/VCP+2H=/ETM SS/NNG+2 2

HA|H Ol Al i /JKB+,/SP {DT_DURATION:BC/SL5/SN+~/SO+4/SN+K|7|/NNP>+2]/JKG {LCP_COUNTRY:ZL2| 2/NNP>+2|/JKG ZE/NNG+A}
01 ¢ IXSN+E/XSN+B/IKO Z/NNG+3H/XSV+sCHEF+./SF O]/NP+&/XSN+2/IX {LCP_CAPITALCITY:OE|H/NNF) AFZH/NNG+E/XSN+&
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KorBERT 7|8t &4t

At=(Natural Language Inference or Paraphrase Recognition) & s 744
, 56 2HM-5F55 7t FAI M0 2

o KorBERT 7|4t M2t s 2SI EF MEZ SO “FAI 2 R 27 2= /1Y
o MS(MEE): 83.37% (H|O]A2IQ CHY| +3.97 %) wijojAatel(R2 Ci20| B 7|6H: 79.40%
o KOrBERT 7|t oH2tME 21=3] £E3 MHS E5t “Likert 0~5 Scale 2% SAIZ” Q1A R & 7|t
o ‘d5(Pearson’d A4 x100): 88.46 (H|O]A2}QI CHH| +4.09) sjojAztel(2 C=0| 2 71eh: 84.37

HILE|OlE]: FARZ 12,8074 (3HET71=9:1)
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Sk SFA
H|X| E_ g.' = I A 2| /Tokenizing(FEL 2, Olulﬂol-o-l) I I'E gI'H
Pretraining _f ______________________________________________________ Fine-tuning
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[Symbolic Representation] (¥ E/SHo|= 24|)

Symbolic Triple 2428 > A2 A EH MM

4 N\ 4 N\
N (Symbolic) (Symbolic)
Triple Key Triple Value
\ J \ J
Symbolic
. H 4 N\ 4 N\
(chiscu;ﬂﬁ';ak?:z) (Symbolic) (Symbolic)
7y Passage Key Passage Value Q P1 Pn
* \ J \ |
4 N\ 4 N\
(Symbolic) (Symbolic)
. | Passage Key | | Passage Value | Neural Scanning Network
. (KorBERT-Scan)
=" ) [Neural Representation]
] \

4 N\ 4 N\ N i
(Neural) (Neural) Q P5 P2 P1 \ 4
Passage I_(e)_{ Pgss._a\gg Vglug Multi-Answer
HoH) (L HY ) Confidence

\_ "ot K
Neural e N e N . Recalculate
[ Query Network ]_L (Neural) (Neural) Neura(IKAnISB\;Evs'?-nRg Nde)tWOI’k

Eas_sag'e Ife)_{ Pgsslage“ v?m? — or ea

\ 4

\ e AL ) AL )
[ Newra) | [ (Neua) | C Answer + >
eura eura ,
Passage Key | «- | Passage Value Confidence .:I

Neural-Symbolic
Key-Value Representation * (Kenton Lee, et al. 2019 / Google ) (€ BERT ==& #{A})

- (H2|-CTHE 03] Y2 =2t =2 F?) Symbolic approach?t 7+ 24

— 3 — @00 = = o [ [
- (F2]-EH2t 03] UR|E7} Lk AR EMHAS M 2

Wikipedia KB DB (=l 03] Y| =7t 42 F<) Neural approach2 s 7|M 7ts

(TEXT) (Triple/SRL) * Latent Retrieval for Weakly Supervised Open Domain Question Answering
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Scan and Read 7|A|=sl 22

O o
1.Scan 2 : HE & S50| £2 202 T 29/3}, WY 25 &50| Y2 T A
2.Read 2% : AR YO ZRE| CHEHY i MEE HEO| ZAMAAA-BS2) A4
A _JI'_\_

[KorBERT-Scan 2&!] [KorBERT-Read 2 H]
1) 8 28 | | ‘ 1 % S

ook 2T 9 —— oA\ 59—

=5
2) k& G|o|E (Z15-Ciat SoH Bigl 23} b 2) st5 O|ofE

~ =20 = 21} HlEq) = =
- HE/2Y A0 AL M4 E——— - W2/ et/ B 32 ololE
3) Zn 2g ) 3) Zat 28
- T E 2E0| 52 202 Y225} - Th2h L SHLZ HE FA| Q1A
- ¥ 22 250| X o YA
4) oAl
4) G[A]
ZE A HEZ &7|= Eorlvf?

149 A 5

2 P9 Y7|=5H2 2 5,

ZMERH: TS| 9717} BHRE Tjof=--

(no-answer prediction: 4| 7{) B4t
ZAMCIEHD: QRS HE210| AUBSHT, T QU7 | - S tfetRl=Soy | A4 HE/

A thsd -

HMERH3: THEYO| 97|91y Ei SYUHAS -

(no—-answer prediction: 2| 7) Q-P =2 AED 4
= . a

P gop || BEU2AE | FMOHY2E 22 1 Qv ado= Bin], -
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Scan and Read 7|AI=

TF= BCt 27|0)| KorBERTE A &35t AM M5 7 & CHEt

[Scan 2] Top1 2SS 82.60% Et4d (A CHH| +5.67%)
- 3H&H|0|E| AFSAHA 71452 0|25 839,38174 SH&L|O|E] AHA (71| 0|E{ 1,50074)

- A thEF TEY YEE 85.65% 24 (HA et TER HIE 67.71%)

[Read 22!] Iterative Finetuning= 0| &%t M= 7§M (+0.53% F1 7441)
- MRC Lt} EjA 3 HR: stSAlaL SAFSE ™WIHAI(O|: KorQuad 85 &, KorQuad ™7} 0| oftl Qlo|o| 2l.2/ckzt Ajo| A EL
214 A5 M 22

[2EFE0F KorBERT-Scan 28 As]

A|THE] 24 76.93% 81.93% 84.07% 85.33% 87.60%

= WordPiece 2 67.67% 81.73% 86.67% 88.33% 89.67%
KorBERT WordPiece 2 & 74.53% 84.47% 87.20% 88.67% 89.33%
KorBERT HEfl4& R 82.60% (+5.67%) 86.67% 88.47% 89.07% 89.60%

[2HFE0F KorBERT-Read BE M5

"I = Exact Match F1
- M| _ _
(5 6}602825{[)3?7?’5"773”) CHERS MRC B7HAL 88.11% 95.46%
—tactAll .
KOrQUAD-test3X CIEHS MRC H7HA 87.76% 95.02%

(87} 3,8982)
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[Xt1] 12, ZMA{H|A0| BERT 2£(‘19.10.25)

« Z0|Vt 40 ZMHEI ZHH10% d5= 22|00 CHsH
BERT 7|t 2l&=2|2t= Al MU[A 7H+J
— FAQ: All about the BERT algorithm in Google search

« https://searchengineland.com/fag-all-about-the-bert-algorithm-
in-google-search-324193

Does Google use BERT to make sense of all searches?

No, not exactly. BERT will enhance Google’'s understanding of about one in 10
searches in English in the U.S.

“Particularly for longer, more conversational queries, or searches where
prepositions like ‘for’ and ‘to’ matter a lot to the meaning, Search will be able t
understand the context of the words in your query,” Google wrote in its blog
post.

However, not all queries are conversational or include prepositions. Branded
searches and shorter phrases are just two examples of types of queries that
may not require BERT's natural language processing.
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Stanford

Model

Human Performance

F1

86.831 89.452
E—I‘El‘ Stanford University
2 O — (Rajpurkar & Jia et al. '18)
SQUAD . ALBERT + DAAF + Verifier (ensemble) 90.002 92.425
PINGAN Omni-Sinitic
F1 Precision Recall
Google oM
Natural Questions (& ZMEI0M ZE 1Y) 061302 067612  0.56069
Ans Sup Joint
CMU/Stanford/
917 |m|c{of 24 Z0 I B P
Google ) _
(Explainable Multi-hop QA)
HotpotQA 60.04 7296 49.08 76.41 3535 6118
=2 S
«  Google NQ2} HopotQA 24|E &t 9.* =A|2| sl Zo| H
SQUAD Google NQ HotpotQA
_+2 . .
Train Set Dev. Set Train Set Dev. Set Train Set Dev. Set
£ A2 4 130,319 11,873 10,000 1,000 90,447 7,405
I AL 210| (O{FE2 742) 12.13 12.31 10.00 10.01 22.44 19.59
219 ot I3 o2t Js 1 1 39.89 38.18 9.95 9.94
o3 ozt 210| (O3|E2 %) 151.62 163.54 197.35 198.19 118.78 123.11
283} MEtckzto| 03| E2 IHAE(%) 61.12 63.21 56.77 54.51 53.36 58.46
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Future of NLP

o HISEAM
O oo
- LHET <SHole 22 > H|X| X ebg 7|8 H0j2E

* Language Model as a Knowledge Base
— T2l =kl o2& > Ho|ats 7|8 AIHO] 22| 7|=
— 4l2|g Orot Zuf A F > TEHENel 2 AHF A5 7tse QA JHE

— A7|Ho 2 H|A|k etg 7|=8 W
 OpenAl GPT-3 175B Parameters

Training Huge Models GLUE Benchmark Results The Death of Architecture Engineering?

Some SQUAD NN Architectures

87.1

— 313 itt‘l

Medium-sized LSTM  10M 805

ELMo 90M 728

GPT 110M 631 £62

BERT-Large 320M =

GPT-2 1.58 Bag-of- BiLlsTM +  BILSTM + GPT BERT-lLarge  Human LA0

Honey Bee Brain ~1B synapses Vectors Attention :‘E\intion + 3 Attention Is All You Need
o |

{&%|: C. Manning, Stanford University)
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