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L CHA| BERT?F 42l (Devlin et al., 2018)
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L CHA| BERTZt R Z2H (Devlin et al., 2018) 2019
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L CHA| BERTZt R Z2H (Devlin et al., 2018) 2019

GLUE Test Results of BERT

System MNLI-(m/mm) QQP QNLI SST-2 CoLA STS-B MRPC RTE Average
392k 363k 108k 67k 8.5k 5.7k 3.5k 2.5k i
Pre-OpenAl SOTA 80.6/30.1 66.1 823 93.2 35.0 81.0 860  61.7 74.0
BiLSTM+ELMo+Attn  76.4/76.1 64.8  79.8  90.4 36.0 73.3 849 568 71.0
OpenAl GPT 82.1/81.4 703 874  91.3 45.4 80.0 823  56.0 75.1
BERTgASE 84.6/83.4 712 905 93.5 52.1 85.8 889  66.4 79.6
BERT} ArGE 86.7/85.9 721 927 949 60.5 86.5 89.3  70.1 82.1

11712| CtFok NLP EfA T | A state-of-the-art /A
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Unlabeled Sentence A and B Pair Question Answer Pair

Pre-training Fine-Tuning

Pre-training:
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Fine-tuning:
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Next Sentence Prediction (NSP)

Input: Ol=¢l2 2 JA| L OfES BREE | 2 5 0lzdl2 . AFE= o0

Output: True

Masked Language Modeling (Masked LM)
Input: Ol&=Al2 1 =A| ZHO| [MASK] £ 2311 Ot2d ... IS HEHCH
Output: &
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BERT Fine-tuning 2018

Class

Class Start/End Span
Label Label
- ™ e
G- G- ERES 3 EN N G ) G E
BERT BERT BERT
s || By | - Ey Eisery || B E EicLs; E, E, ses = Eas || E4 e E sery SR e =N
— > — —{——r —{ ——r —O—O—r
()] CEfe () - (] oo | o oz ] - [ (=108 =000 ()
Sentence 1 Sentence 2 Single Sentence Question Paral;raph
(@) Sentence Pair Classification Tasks: (b) Single Sentence Classification Tasks:
MNLI, QQP, QNLI, STS-B, MRPC, SST-2, CoLA (c) Question Answering Tasks:
RTE, SWAG SQuUAD v1.1

Question Answering (Machine Reading Comprehension)
Input: O]&=210| ENOF H = AAK[RUD}?
Output: 15454H

Sentiment Analysis
Input: AE2|H AEZ| MR0|H A FE HF XL
Output: Positive
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AUAICHS} G|O|E] X 2|: Tokenization 2018

MeCab, Khaiii &

2. Subword 2|4t
SentencePiece, WordPiece

o|n

3. Combined Approach
Mecab® 2 X X211 SentencePieceZ tE X211
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UAICHZ} O|O|Ef MX{2|: Tokenization 2018

Method LM | NSMC Intent
(Perplexity) (Accuracy) (Accuracy)
Space 72.9 71.2 53.4
Char 354 33.0 70.1
MeCab 61.5 85.6 76.6
SentencePiece 295.7 85.3 77.1
MeCab + SentencePiece 58.2 36.1 81.5

* Size of Vocabulary: 30000

* LM (Language Modeling): 2-layer Bi-LSTM

* NSMC (Naver Sentiment Movie Corpus): Attention-based Bi-LSTM
* Intent (Intent Classification): Attention-based Bi-LSTM
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Tokenization
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CH2H0]| Y52 Pre-training ™! 2018
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oA (Wiki) CH=}A| (Dialog) CHEA|
Model
Masked LM NSP Masked LM NSP NSMC
Wiki-BERT 55.7 95.3 36.2 44 .6 87.7

Dialog-BERT 24.6 46.4 53.8 34.1 38.38
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oA (Wiki) CH=}A| (Dialog) CHEA|
Model
Masked LM NSP Masked LM NSP NSMC
Wiki-BERT 55.7 95.3 36.2 44 .6 87.7
Dialog-BERT 24.6 46.4 53.8 84.1 88.8

1. CHSHM| CIO| B2 = 85| & sh&EICt
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A (Wiki) CH=}A| (Dialog) CHEA|
Model
Masked LM NSP Masked LM NSP NSMC
Wiki-BERT 55.7 95.3 87.7
Dialog-BERT 88.8

1. Chi=tA| HO[HZEE 59| & it

2. M2 CHE E0[QI0[M = 850] O EoO T
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7012 Turnof| CHsH LE20| TQBIX| kSt =Y

Model Masked LM NSP NSMC
Dialog-BERT 53.6 84.1 38.8
+ Turn SEP & EMB 55.3 88.4 90.4
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DEVIEW

Dialog-BERT Configuration

Hyperparameters Value

BERT Config.

hidden size (H) 768

intermediate size 3072

num attention heads (A) 12

num_hidden layers (L) 12

vocab size 30006

Training Config. GOOQIC Cloud
num_steps 10,000,000

batch_size 1024 TPU v3-82 QII: BOOE|?_I_ -éul-ﬁ
learning rate Se-5

max_sequence length 48

max_predictionas per seq 3

masked Im prob 15
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Task #1. Semantic Textual Similarity:
ZOHE = ':'Xl-()‘ o|0|MO 2 2 AISHI}?

Task #2. Query-Reply Matching:
0|7 2% L1230l & 2O HHIP

Task #3. Reaction Classification:
0171 2% CH20) & 2N RoYnp

L
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Task #1. Semantic Textual Similarity

Target

s Similar| 1

0

Not Similar

FFNN + Softmax

Fine-tuning!!

BERT
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Sentence A
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Task #1. Semantic Textual Similarity

Query Reply
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Paired Data
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Task #1. Semantic Textual Similarity

QEXH Y HSN?

User Input

Query Reply
XS R HA? = Mt 08?7
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QF LI} Hy 1 Iof S L 33
Paired Data
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Task #1. Semantic Textual Similarity
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User Input Paired Data
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Task #1. Semantic Textual Similarity

Prediction

s Similar| 0.9

0.1
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Task #1. Semantic Textual Similarity

Q= XF H HI?

User Input Paired Data
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Task #1. Semantic Textual Similarity

Query Reply

QL X4E g HE? -} Aol | 20| EXCE s s * = Mg 08?7

of AW NI | LpE 5=

User Input Paired Data System Output
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Task #2. Query-Reply Matching

Sentence A Sentence B s Next ?
L} LS AR 3 2ot DY EH LHMSHE 1
L L5 &% A Z0} 1= A 201 0
C=XN4E & H2W? = MM 0E? 1

ool S0l = &= R=XI(NSP)EC "20iL 22 BHYX|" S EFol= =4
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Task #2. Query-Reply Matching

Target
s Next| 1 0 |Not Next Fine-tuning!!
BERT
! ottt t ottt
[CLS] Lt L& &% &R 20} RS LS = fralte] £

Sentence A
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Task #2. Query-Reply Matching

Unpaired Data
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Task #2. Query-Reply Matching

Q5 X B B2t

User Input

=)

Unpaired Data
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Task #2. Query-Reply Matching

C}20]| 2 Reply2 ot E271?

Q5 X B B2t

=)

User Input Unpaired Data

57



Task #2. Query-Reply Matching

Prediction

IsNext' 0.9

0.1

Not Next

FFNN + Softmax
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Task #2. Query-Reply Matching

Q5 X B B2t

User Input Unpaired Data
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Task #2. Query-Reply Matching

Q5 X B B2t

=)

—p S WA OfH 2?7

User Input Unpaired Data System Output
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Sentence

Reaction Class (1384)

BN 12AY| 1 LE AHOFRLEL

AXR (id=1016)

oiLIe| &&= 0|2| M|l Reaction Class & otLI= 2&ol= =4
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Task #3. Reaction Classification: Motivation 2o

= S0f| CHEE2 'Reaction"df| 27r=

ML e * 71 0.01%2| 20| TX| 2 S 20%= AtX|e!

03 T Hetid TR 2Eak AT, 7 2EYon
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3134 i W edgn? Al dsisl DHASor
57 il ZHal... Y5125 o315 ? 0 b7}

56



Task #3. Reaction Classification

Z0[R
1100/~ | 0 ReactionClass Fine-tuning!!
BERT
1 ottt ot
[CLS] Q= WA HE}
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Task #3. Reaction Classification

Reaction Class

zote

10HR e

s

HE

7l

Predefined Class Set
(1384)
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Task #3. Reaction Classification

Reaction Class

zote

10HR e

s

HE

7l

Predefined Class Set

User Input
P (1384)
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Task #3. Reaction Classification

CH=20ll & HE2t Reaction2 &7 Reaction Class

zote

10HR e

Predefined Class Set

User Input
P (1384)

60



Task #3. Reaction Classification

zolQ
0.6/0.01/0.03) - |0.02| Reaction Class Inferencel!
BERT
TN T S N N N S A S A
[CLS] QL MEH HEN?
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Task #3. Reaction Classification

Reaction Class

e
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HE
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User Input
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Task #3. Reaction Classification

Reaction Class

s
Q
Fo

7l

Predefined Class Set

User Input
P (1384)

System Output
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Coverage

1. Query Similarity

2. Reply Matching

3. Reaction
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Model Query Similarity Reply Matching Reaction
(Accuracy) (NDCG@10) (Accuracy)
RNNs (Pingpong) 85.0 83.1 19.3
Multilingual BERT (Google) 87.8 70.9 18.6
KorBERT (ETRI) 90.5 78.2 21.8
KoBERT (SK T-Brain) 39.5 67.6 19.7
Dialog-BERT (Pingpong) 93.3 87.0 25.7
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Model NSMC Intent
(Accuracy) (Accuracy)
RNNs (Pingpong) 86.1 81.5
Multilingual BERT (Google) 87.5 82.6
KorBERT (ETRI) 90.4 87.6
KoBERT (SK T-Brain) 90.1 33.4
Dialog-BERT (Pingpong) 90.4 38.9
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55,000,000

27,500,000

RNNs

BERT
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Inference Time

RNNs BERT
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Knowledge Distillation
(Hinton et al., 2015)
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Teacher Model Knowledge Student Model

b Small Model

Well-trained Large Model
Fewer Parameter

Many Parameter
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Large Model
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- Knowledge Distillation
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Soft Label
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BERT Distillation 2018

‘ r B
4 o
BERT —
\_ Y, _ Y, N »
BERT-Base BERT-Small BERT-XSmall
num_layer =12 num_layer =10 num_layer = 8
num_head =12 num_head = 8 num_head = 8

hidden_size = /68 hidden_size =512 hidden_size =512

/8



Result of Distillation

Performance of Reaction Classification

BERT-Base

BERT-Small

BERT-XSmall

79
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2019
Model Size and Inference Time
Model # of Parameters Inference Time
BERT-Base 109M (1x) 160ms (1x)
BERT-Small 47M (2.3x) 90ms (1.8x)
BERT-XSmall 41M (2.7x) 60ms (2.7x)
RNNs 26M (4.2x) 50ms (3.2x)

* Intel Xeon CPU E5-2698 v4 (@ 2.20GHz



DEVIEW
2019

Teacher for Task 1

Well-trained Large Model
Many Parameter

Teacher for Task 2 —

Well-trained Large Model

Student Model

Knowledge Small Model
Many Parameter

Fewer Parameter
—

Teacher for Task N

Well-trained Large Model

Many Parameter
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Model Average Score Reply Matching Reaction
BERT-Base 56.4 37.0 25.7
BERT-XSmall 55.3 35.8 24.7
BERT-XSmall + Single-task 55.8 36.4 25.1
BERT-XSmall + Multi-task 56.0 36.7 25.3

81

DEVIEW
2019



DEVIEW
2019




DEVIEW
2019

1. BERT, O[X|= 1&840] Ol E =
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3. Distillation &2 SHEA| 2|
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Future Work 2019

1. Neural Generation: M40 gl= 2|7 2ol &= TH=0{LHY|
2. Text Style Transfer: =51, 42 S0 CHor AEFR 2l

3. Knowledge / Topic: XAl 7|HtO 25t CHa} CHFSE =X CHI}

4. Representation: | =2 Language Understanding

5. Computer Vision: O|0|X|0{| CHSRA] Chzf L2 |

(O12|0| = HF L+ EO0rR )
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BERT: Pre-training of Deep Bidirectional Transformers for Language Understanding: https://arxiv.org/abs/1810.04805
. Attention Is All You Need: https://arxiv.org/abs/1706.03762

Distilling the Knowledge in a Neural Network: https://arxiv.org/abs/1503.02531
- BAM! Born-Again Multi-Task Networks for Natural Language Understanding: https://arxiv.org/abs/1907.04829

Article

The lllustrated BERT, ELMo, and co. (How NLP Cracked Transfer Learning): http://jalammar.github.io/illustrated-bert/
. Lunit Tech Blog - Distilling the Knowledge in a Neural Network (NIPS 2014 Workshop): https://blog.lunit.io/2018/03/22/
distilling-the-knowledge-in-a-neural-network-nips-2014-workshop/

Third-party Material
Pingpong Blog: https://blog.pingpong.us

> Pingpong Demo: https://demo.pingpong.us/
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