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a BERT: Bidirectional Encoder Representations
from Transformers
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ldea: contextualized word representations Probabities
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Learn word vectors using long contexts
using Transformer instead of LSTM
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< BERT #11 Masked Language Moael

ldea: language understanding Is bidirectional while LM only uses left
or right context

Use the output of the 0.1% | Aardvark

masked word's position
to predict the maskead word

Possible classes: ~
All English words 10% |mprovisation

0% | Zyzzyva

FFNN + Softmax

Randomly mask 15% of tokens BERT
A Too little: expensive to train
A Too much: not enough context
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http://jalammar.github.io/illustrated-bert/
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@ BERT #11 Masked Language Model

BERT (Ours) OpenAl GPT
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© BERT #21 Next Sentence Prediction

ldea: modeling relationship between sentences
QA, NLI etc. are based on understanding Inter-sentence relationship

IﬂIﬂlt — [CLS] the man went to [MASK] store [SEP]
he bought a gallon [MASK] milk [SEP]

[.abel

IsNext

IﬂIﬂlt — [CLS] the man [MASK] to the store [SEP]

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

[Label = notnext
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"BERT #21 Next Sentence Prediction

ldea: modeling relationship between sentences

Predict likelihood
that sentence B
belongs after
sentence A

1%  IsNext

99% NotNext

FFNN + Softmax
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http://jalammar.github.io/illustrated-bert/
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'BERT i Input Representation

Input embeddings contain
Word-level token embeddings
Sentence-level segment embeddings
Position embeddings

Input ([GLS] 1 ( my W (dng 1 { IS Wcute M [SEP] W { he ” likes W play W ( ##ing M [SEP] 1
Token
Embeddings E[GLS] Erm,F Ecl 0g Eis cute E[SEP] Ehe likes play ##ing E[SE P]

-+ +- o+ + -+ -+ o+ -+ o+ o+ -+
Segment
Embeddings EA EA EA EA EA EA EB EB EB EB EB

e - o+ o+ -+ o+ o+ - o+ o+ o+
Position
Embeddings EU El E2 E3 E4 ES EG E? E8 E9 Elo
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3° BERT Training

Training data: Wikipedia + BookCorpus

2 BERT models

BERT-Base: 12-layer, 768-hidden, 12-head
BERT-Large: 24-layer, 1024-hidden, 16-head
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BERT Fine-Tuning for Understanding Tasks

ldea: simply learn a cIaSS|f|er/tagger built on the top layer for each

target task

NSP Mask LM Mask LM
=
T T i

(@) ()= -

‘ TokM l

I |
Masked Sentence A

*

Unlabeled Sentence A and B Pair

Masked Sentence B

/

Dev!lii n et

g

adtrar mBBRT of PDeep

Class
Label Label
— -
C0)- Gl (e [ )
BERT BERT
Ees || B Ey Esery || By Ew EcLs) = E, Ey
T {1 w’;“r a  aig sy s T
(m] ” oK W ( N M [SE W ] [CLS] | Tok 1 Tok 2 Tok N
| |
| | |
Sentence 1 Sentence 2 Single Sentence
Start/End Span O B-PER O
a0 * i
) G- e =] -
BERT BERT
Ecws || Eq | - Ey || Egem || Ei |~ | E Ecus, E, E E,,
——r > ——r > —(r—
( 1” Tok 1 ( Tok M [SEP] ” ok ] [CLS] || Tok 1 Tok 2 Tok N
| | |
| |
Question Paragraph Single Sentence
Bi directi onal Tr aNFACIGHLME01%s f or Language U



BERT Overview

http://jalammar.github.io/illustrated-bert/



