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= = = L L L 2 L 2 L 2 L 2 = =

Segment

Embeddings EA EA EA EA EA EA EB EB EB EB EB
L 2 L 2 L 2 L L e e e e L 2 L 2

Position

Embeddings EO E1 Ez E3 E4 E5 E6 E7 ES E9 E10

BHIAH N —7 >V ORI, UBRFSER 2EHEHAHAD 3 & From (Devlin et al. 2018) Fig. 2

10 BERT OEdiflli#: YA Z{LSEETI

SANRINDSE 15% &2 5 V5 LK [MASK] h—2V Y TBEHRZ S

o AARFEAYUIFILRFIE [MASK] h—2 > TEBEHZ 1277

o SANYL AU IFILRFID [MASK] ZBAE DIE L WS AL % T
o 80%: AU IYFILANRTI%E [MASK] TiEl

e 10%: [MASK] DIBODEER V5 AR EEEZE CBEHI S
o 10%: AU IFILRG

11 BERT DERiFIE: R3ZFHZERE

BETNORRZHTES 2EH, ROXEFH

i

[SEP] h—2 v TRYIS iz 2 XAH

« AZI: the man went to the store [SEP] he bought a gallon of milk.
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From (Devlin et al. 2018) Fig.3

13 BERT EFILDEH

o 7 —%: Wikipedia (2.5B words) + BookCorpus (800M words)

o /Ny FH X: 131,072 words (1024 sequences * 128 length or 256 sequences * 512 length)
o FlI#EERFRE: 1M steps (~40 epochs)

F|i#EL7ILTY X Ln: AdamW, 1e-4 learning rate, linear decay

« BERT-Base: 128, £E 768 —1—0O, 12 ZIEIR

« BERT-Large: 24 [, 88 1024 —2—0O>, 16 ZTFE
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14BERT 774V F 1=V 7 FHKEE

Masking Rates Dev Set Results
MASK SAME RND MNLI NER
Fine-tune Fine-tune Feature-based
80% 10% 10% 84.2 95.4 94.9
100% 0% 0% 84.3 94.9 94.0
80% 0% 20% 84.1 095.2 94.6
80% 20% 0% 84.4 95.2 04.7
0% 20% 80% 83.7 94.8 94.6

0% 0% 100% 83.6 94.9 94.6
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1. BERT (Google) &3 BERT: Pre-training_of Deep Bidirectional Transformers for Language Understanding(Devlin et al. 2018)

2. GPT (OpenAl) &3 Improving Language Understanding by Generative Pre-Training(Radford et al. 2018)

3. GPT-2 (OpenAl) 7 E %" Language Models are Unsupervised Multitask Learners

»

Transformer-XL (Google/CMU) 53X Transformer-XL: Attentive Language Models Beyond a Fixed-Length Context(Dai et al. 2019)

5. XLNet (Google/CMU) &&3Z XLNet:Generalized Autoregressive Pretraining_for Language Understanding(Yang et al. 2019)

6. XLM (Facebook) 53X Cross-lingual Language Model Pretraining(Lample and Conneau 2019)
7. RoBERTa (Facebook), 53X Robustly Optimized BERT Pretraining Approach(Y. Liu et al. 2019)
8. DistilBERT
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+ BERT. TransformerlcE DK SEBET /Lo YVAZILEERETIV & RIXFH CE D Z1IlE, STREEZ 7 71V Fa—=V7, BRElESNETILE

—RRNBEH
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Pe(clX) Sim(X;, X2) P.(R|P,H) Rel(Q, A)
(e.g., probability of (e.g., semantic (e.g., probability of (e.g., relevance score
labeling text X by c) similarity between X; logic relationship R of candidate answer A
and X, ) between P and H) given query Q)
Task specific T T ? T

layers |

Single-Sentence Pairwise Text Pairwise Text Pairwise

Classification Similarity Classification Ranking
(e.g., ColA, SST-2) (e.g., STS-B) (e.g., RTE, MNLI, (e.g., QNLI)
WNLI, QQP, MRPC)
1,: context embedding vectors, one for each token.
‘ Transformer Encoder (contextual embedding layers) |

Shared T
layers

1;: input embedding vectors, one each token.

i

‘ Lexicon Encoder (word, position and segment) ‘

f

X: a sentence or a pair of sentences

From (X. Liu et al. 2019) Fig. 1

21 Transformer: Attention is all you need

T
attention(Q, K, V) = dropout(softmax< Q\;(_ ) >V
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https://github.com/google-research/bert
https://arxiv.org/abs/1810.04805
https://github.com/openai/finetune-transformer-lm
https://blog.openai.com/language-unsupervised/
https://blog.openai.com/better-language-models/
https://blog.openai.com/better-language-models/
https://github.com/kimiyoung/transformer-xl
https://arxiv.org/abs/1901.02860
https://github.com/zihangdai/xlnet/
https://arxiv.org/abs/1906.08237/
https://github.com/facebookresearch/XLM/
https://arxiv.org/abs/1901.07291
https://github.com/pytorch/fairseq/tree/master/examples/roberta
https://arxiv.org/abs/1907.11692
https://github.com/huggingface/pytorch-transformers/tree/master/examples/distillation
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MatMul
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From (Vaswani et al. 2017) Fig. 2
22 Transformer(2): Attention is all you need
MultiHead(Q,K,V) = Concat(head, . head) wo 2)
1 h
where, head; = Attention(QWiQ, KW,.K, VWiv)
The projections are parameter matrices
WQ e RdmmleIXdk’
wkK e RdmodeIXde
VV,-V = RdmodaIXdU' and
wWo e thudeadez_ h=38,
d, =d, = dm:‘del =64
FFN(x):max(O,le +b1) W2+b2 (3)
PE = sin< Lﬂ) 4)
(pos,2i) IOOOOW
PE. =<”7> ®)
(pos20+1) 10000 Freae

23 Transformer(3): Attention is all you need

Output
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Add & Norm <=~
Feed
Forward
Add & Norm _J<=~
([Add & Norm 7

£dd & Nonp Mult-Head

Feed Attention
Forward I, Nx
Ny Add & Norm
([Add & Norm

Add & Norm Masked

Multi-Head Multi-Head
Attention Attention

A 7; A )

\. —
Positional ®_€_ Positional
Encoding Encoding

Input Output

Embedding Embedding
Inputs Outputs

(shifted right)

From (Vaswani et al. 2017) Fig. 1

24 BERT, GPT, ELMo ErilIl#E®DE L

e BERT: SV A T74—~Y—, YRIVAEETTIL, RXTHEE
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o ELMo: 375 RNN T & % FREJE Efs
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From (Lample and Conneau 2019) Fig. 1

26 BERT OHE

SWAG,IMDB, Twitter

Youtube videos  BooksCc
! S Knowledge Monolingual Corpora
Graph (104 languages)
Biomedical corpus Corpora/Data
Clinical e
Scientific publications
English Wikipedia
Dot Graph
2 E, Neural Net
SCIBERT RN M-BERT
Pre-trained models R B ERNIE(2) G-BERT
BioBERT
VideoBERT E=ul TransBERT
Generic & Domain specific NLP Relation classification
tasks (e.g. NER) DocBERT
PatentBERT Code Switching
Prediction tasks
Fine-tuned models
Video captioning
(classification) Classification tasks

From https://towardsdatascience.com/a-review-of-bert-based-models-4ffdc0f15d58
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From https://github.com/john-hewitt/structural-probes
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1. Deep Neural Networks % F|F U 72132

29 EHY

o RIFE (Representation learning) & 1 &A(Embedding)
o BEEHDZWNIXZNT NLELTERR
o KIEI—/CAH B HEEDEKRKIBODERFE distributional / distributed

o Bit# =1 —F L&Y b (Recurrent Neural Network) D F!] 3
o LSTM (Long Short-term Memory), GRU (Gated Recurrent Unit)

o IR 2EN5, EENERBREEST 5 EAFREIC
« End-to-end

30 seg2seq model
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From (Sutskever, Vinyals, and Le 2014) Fig. 1 B3R E7 )L seq2seq DX

“<e0s>" [FXKERT, FRD “<eos>” DFINY —XAFETHD, HRD “<eos>” DEIFY—Ty NEEBDSEETILTHS SRN OFEBADAAE L THW
2o

FRINREE, VREBOXKTROFHBREDHE Y —7 Y NEBORVOFEE OAAICAWDZETHD, TRUANOBATIEY —ASBEEY—T Y
REZIFBEEREN RV, HICE X EREBHOFEBRENY —AXDBEHRLTEEATVNDE #RRLD%, COREREITZIEEBIET I EN 2014 FLUIE
BAICITONTE, BERHNERT 2 WAR RNN, LSTM ZHALED, FEEEZEATEIETH> T,

31 Seq2seq (2)

3r OMary admires John

2r OMary is in love with John

OMary respects John
| OdJohn admires Mary

-2r OdJohn is in love with Mary
-3F
4+

5L OdJohn respects Mary

-8 -6 -4 -2 0 2 4 6 8 10

From (Sutskever, Vinyals, and Le 2014) Fig. 2
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32 Seqg2seq (3)

151 . .
O | was given a card by her in the garden
10+ O In the garden , she gave me a card
O She gave me a card in the garden
5 |-
0 |-
-5r O She was given a card by me in the garden
O In the garden , | gave her a card
10+
i O | gave her a card in the garden
_20 1 1 1 1 1 1 J
-15 -10 -5 0 5 10 15 20

From (Sutskever, Vinyals, and Le 2014) Fig. 2
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