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' Recurrent Neural Network
Y Vanishing / Exploding gradients
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" Long short-term memory

* Long-term information

° Neural Machine Translation Task
* Sequence to sequence (seqYseq)
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Neural Machine Translation (NMT)

The sequence-to-sequence model
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Source sentence (input) Decoder RNN is a Language Model that generates
target sentence, conditioned on

Encoder RNN produces
an of the
source sentence.

seqyseq s loxo - ¥ IS
oo LaF0S 5 wiSie o S, S0 4 | e b 51 alez S5 NSS! Laseiie Y USS 51 a8 shailen
Sl S s Slas
Jie LaSaS 4y s34 alex olal Sl ledlbl a8 ol 0 )ls SEQYSE] (5 lore ;o a5 ISiee
aS 0l ools Jzoly (6 Sy Al 0gb sod e s 4 293 4 GLSlT 08 Joe (iisel aBge 5 09d s

0,Lgd dmy 09 cod J> JSie (S > I b aS muaud Lol ey JlAS5AS 4y WS o | loe alas Dl
A gl s gi 03,018k 45 09 il 9 0,33 ol Job b lo S o Toise dles Sledlbl

ax g 0l adsgl onyl

g blaal BT .ol axslail of ) & caedo b5 (5510 0595 50 D a5 el cowlie o Fotee 5 (SO
4> g5 ol Sl (59, bad o5 o o LaFas ] ;o a5 o ,S Syme |y blie 8 slallie yo olasl o
abdl> Sl g 09y SoligS Lo oldas 5 Ul (L) 50 dalS o e a5 0l Cel o] o) S
T3 Ot 00is mer Sy LESAS (b (nl po ol e 0 09l Sl S 12eS (s e RNN aeliss

Az g5 3,0 (5 i (159 ST A g S o |y ax g5 papie L)y ued 90iSi dwle HlISUS sla

Y Encoder
* Decoder
¥ Attention mechanism




LeSaS ol cll> L LaSas b ' ol clls Capline oliae 5l (omb lgsg onl Cdndi> 10 090 o (6 yidions

Target: Je bais du lait <@0s>
Prediction: Je bois Ie lait <gos>
TimeDistributed(Softmax) |

Yo Yo Y Yo Y |

Encoder - Decoder

f

X

!

X[D;‘ (1) x\_?l
e

[ embegginglookup | |

[ | I
288 3335 72

Embedding lookup

I I I I
51 2132 21 431

TSN T

“ milk drink 1™ " <sos> Je bois du lait”

Az gl pyilo adgl ol - ¥ IS

"T'm
|
0

A8l poonS A g5 o 55

oy (V QM Gy oy (Vs 00 aladil 1o ¥ L o2 Cudgzgo 5 mo)ld Cudgzrge oSy Lo 3
V' laie e (F K olds

4z arbre lp Mo (Sny oS drmlne | b Cudgzge s (59) Cuderse S Az pedlyS o0 V>
sl 0o 12 A Lhogzge wlo 3l et oS 5 b ((lominy 9 mo e idie) LS asy (g9, 0l SO

QK"
Vs

bl s 42 95 pmolixa S0, - B S

Attention(Q, K, V) = softmax( )14

Lo 50 y98mi 5 Joro
Al by Gl 50 am Sl i Eel ax gl p3ilSe Al puens i yaS

o030 s lro g by ol gilee slo LQ;T L o lgied aS 09 oyl ailo RNN a5 Ao
s A

A5 ke Google s L 51 Attention is al you need alis ;o ,b odgl b o 9ius 5 pogie

'* Hidden state
" Query vector
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Table 2: The Transformer achieves better BLEU scores than previous state-of-the-art models on the
English-to-German and English-to-French newstest2014 tests at a fraction of the training cost.
BLEU Training Cost (FLOPs)
EN-DE EN-FR EN-DE EN-FR

ByteNet [18] 23.75
Deep-Att + PosUnk [39] 39.2 1.0 - 10%°
GNMT + RL [38] 24.6 39.92 2.3-101  1.4.10%
ConvS2S [9] 25.16 40.46 9.6-10"  1.5-10%
MoE [32] 26.03 4056 2.0-10"%  1.2.10%°
Deep-Att + PosUnk Ensemble [39] 40.4 8.0-10%Y
GNMT + RL Ensemble [38] 2630 4116 1.8-10%  1.1.10%
ConvS2S Ensemble [9] 2636 41.29 7.7-10°  1.2-10%
Transformer (base model) 213 38.1 3.3.10'8
Transformer (big) 284 41.8 2.3-101
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ViT-Huge (v ViT-Large (v ViT-base (A

Soygo (ol A A g ol u";,)‘yoT Sl oS4 e caims L TPUVV-core-days AY S o
el iy 3208 e lJos ads Jlie 4o VIT a5 ol

Ours-JFT Ours-JFT Ours-121k BiT-L Noisy Student
(ViT-H/14)  (ViT-L/16)  (ViT-L/16) (ResNetl52x4)  (EfficientNet-L2)

ImageNet 88.55+0.04  87.76+0.03 85.30+0.02 87.54+0.02 88.4/88.5*
ImageNet Real. 90.72+0.05 90.54+0.03 88.62+0.05 90.54 90.55
CIFAR-10 99.50 +0.06  99.42+0.03  99.15+0.03 99.37 4 0.06 -
CIFAR-100 94.55+0.04 93.90+0.05 93.25+0.05 93.51 + 0.08 —
Oxford-1IIIT Pets 97.56+0.03 97.32+011 94.67+0.15 96.62 +0.23 —
Oxford Flowers-102  99.68+0.02  99.74+000 99.61+0.02 99.63 +0.03 —
VTAB (19 tasks) T7.63+023 76.28+046 72.72+0.21 76.29 +1.70 —

TPUv3-core-days 2.5k 0.68k 0.23k 9.9k 12.3k

Table 2: Comparison with state of the art on popular image classification benchmarks. We re-
port mean and standard deviation of the accuracies, averaged over three fine-tuning runs. Vision
Transformer models pre-trained on the JFT-300M dataset outperform ResNet-based baselines on all
datasets, while taking substantially less computational resources to pre-train. ViT pre-trained on the
smaller public ImageNet-21k dataset performs well too. *Slightly improved 88.5% result reported
in Touvron et al.[(2020).
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BERT (Devlin et al.. 2018)
RoBERT:A (Liu et al.. 201 9a)
AUOregressive [y, 1 == o)

GPT S GPT-2 (Radford et al.. 2019)
Trans-X1 D =Lt al.. 2019)
HNI.Net 2 1l., 2019)

Sceq-to-Scq [~ aq.; =
BART = L Z2019)
s £e =t al., 2019)
MMarianhT T WA =t al., 2018)

Specialty: Multimod

MMBT CED al.. 20193

Specialty: Long-I[>is
Reformer -t al.. 2020)
Longformer (Beltagy et al., 2020)

Specialty: Efficient

ALBERT (Lan ct al.. 2019)
Electra (Clark et al., 20200
IDistil BERT (Sankt =t al., 2019)

Specialty: MMultilingual
XILM/MRoBERTa (Lample and Conncau, 2019b)
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Tokenizers

Name Ex. Uses

Character-Level BPE NMT, GPT
Byte-Level BPE GPT-2
WordPiece BERT
SentencePiece XLNet
Unigram LM
Character Reformer
Custom Bio-Chem
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Language Modeling T1n—1 r, €V Generation WikiText-103
Sequence Classification TN yel Classification, GLUE, SST,
Sentiment Analysis MNLI
Question Answering T1ALTALN Y Span [l : ;\-’: QA, Reading SQuAD,
Comprehension Natural Questions
Token Classification TN Y.y €C N NER, Tagging OntoNotes, WNUT
Multiple Choice T1:N. X yed Text Selection SWAG, ARC
Masked LM T1.N\n T, €V Pretraining Wikitext, C4
Conditional Generation .r'l:_{- Y1 € VM Translation, WMT, IWSLT.
Summarization CNN/DM, XSum
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Tasks MNLI-m QNLI MRPC SST-2 SQuAD
(Acc) (Acc) (Acc) (Acc) (F1)

BERTgasE 84.4 884 86.7 927 88.5
No NSP 83.9 849 865 926 8§7.9
LTR & NoNSP  82.1 843 775 921 77.8

+ BiLSTM 82.1 84.1 757 91.6 84.9
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Hyperparams Dev Set Accuracy
#L  #H #A LM (ppl) MNLI-m MRPC S5T-2

3 768 12 584 719 79.8 B84
6 768 3 524 80.6 822 907
6 T68 12  4.68 81.9 848 913
12 768 12 3.99 84.4 86.7 929
12 1024 16 3.54 85.7 869 933

1024 16 3.23 86.6 87.8 937
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System Dev F1 Test Fl

ELMo (Peters et al., 2018a) 95.7 92.2
CVT (Clark et al.. 2018) - 92.6
CSE (Akbik et al., 2018) - 93.1

Fine-tuning approach
BERTLarce 92.8
BERTgAsE 92.4

Feature-based approach (BERTgase)
Embeddings
Second-to-Last Hidden
Last Hidden
Weighted Sum Last Four Hidden
Concat Last Four Hidden
Weighted Sum All 12 Layers






