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What can we do with NLP? 2

« Named entity recogn ition The transactivation T045 properties of the two = estrogen receptors

- Sentence Similarity examined with different - in the context of an -

. Family histo ry extraction ERalpha 1116 and | ERbeta T116 were shownto | signal Toe7 i,
L sister S1: Mental: Alert and oriented to person place time and situation.

S2: Feet:Neurological: He is alert and oriented to person, place, and time.
¢ 305.0: Alcohol abuse
o 433: Occlusion and stenosis of precerebral arteries -> Similarity: | | [2]

A Aunt
o 346: Migraine

e 366: Cataract
o 433: Occlusion and stenosis of precerebral arteries

O Mother

o 305.0: Alcohol abuse
® 402.91: With heart [ailure [3]
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Image vs. Text 3

img = Image.open('example image.png').convert('L") There are new Streaky Ieft basal
img.thumbnail( (400, 500), Image.ANTIALIAS) . .
ing opacities which could represent

only atelectasis; however,
superimposed pneumonia or
aspiration cannot be excluded in
the appropriate clinical setting.
There is only mild vascular
congestion without pulmonary
edema.

np.array(img)

array([[ O, 0, Op . 4 0, 0, o],
[ o, 0, 05 oy 0, 0, 0],
[ 0o, 0, 0; « 0, 0, 0],
[ 58, 59; 62, =, 124, 129, 1331,
[ 58, 60, 65, ..., 124, 124, 128],
[ 60, 62, 68, ..., 127, 124, 125]], dtype=uint8)

(4]
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Embeddings

- Idea: map each word to a fixed-size vector from an embedding
space

Word2vec
King ..
man .
woman .

(5]

model [ 'king']

array([ 0.50451, 0.68607, -0.59517, ..., -1.6106 , -0.64426, -0.51042],
dtype=float32)

model[ 'queen']

array([ 0.37854 , 1.8233 , -1.2648 y ea., -2.2839 , 0.0092753,
-0.60284 ], dtype=float32)
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Language Understanding Requires More 5

- Understanding the meaning of a sentence is hard
- Words have multiple meanings
- Word compounds may alter the meaning
- Coreference resolution
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Coreference Resolution (cf. Winograd Schemas) 6

The coin does not fit into the backpack because it 1s too small.

The coin does not fit into the backpack because it 1s too large.
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Coreference Resolution (cf. Winograd Schemas) 7

T~

The coin does not fit into the backpack because it 1s too small.

— T

The coin does not fit into the backpack because it 1s too large.
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Coreference Resolution (cf. Winograd Schemas) 8

The coin does not fit into the backpack because it 1s too small.

—> Die Miinze passt nicht mehr in den Rucksack, weil er zu klein ist.

The coin does not fit into the backpack because it 1s too large.

—> Die Miinze passt nicht mehr in den Rucksack, weil sie zu grof ist.
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9

2019: One Step Towards Language Understanding

- BERT: language model developed by Google

- Word embeddings aren’t unique anymore; they depend on the context

instead
Different architecture: the system has an explicit notion to model word

dependencies - attention

GLUE Benchmark (11 tasks)

Unsupervised pretraining followed by supervised finetuning

85

New SoA!!!
775
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word2vec bi-LSTM ELMO BERT

J. Devlin et al. “BERT: Pre-training of deep bidirectional transformers for language
[6] understanding”, arXiv:1810.04805, 2018 51
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Attention (Transformer Architecture) 10

- Goal: model dependencies between words
- Idea: allow each word to pay attention to other words

The black cat plays with the piano
* “The” = “cat”: determiner-noun relationship
* “black” - “cat”: adjective-noun relationship
* “plays” = “with the piano”: verb-object relationship
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How iIs Attention Calculated? 11

Input The black cat
Embedding x; [ x, [ x3 [
Queries . [ ] ] . ] a; [ 1]
Keys 1] 1] [ 1]
Values v, [ v, 1] v; [
Score (qq,k1) =96 (q1,k2) =0 (qq, ke5) = 112
Normalization 12 0 14
Softmax 0.12 0 0.88
Weighting vi [ [ ] vy [ [ ] vy ][]
Sum [ 1] [ 1] [ 1]

Based on [8]
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BERT Model 12

| |

Self-Attention

I I
x; [ x, [

The black
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BERT Model 13

2, [ z, [
z, [ z, (I
z, [ z, [

Head 3 1

1] |1
x; [ x, [

The black
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BERT Model

/

Encoder

LT

LT LT

14

2020-01-29 | Jan Sellner | Natural Language Processing



BERT Model 15

4 4
Encoder
| |
Encoder
I I
Encoder
I I
Encoder
I I
x, [ x, [
The black
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Training 16

- Goal: BERT should get a basic understanding of the language
- Problem: not enough annotated training data available

- |[dea: make use of the tons of unstructured data we have

(Wikipedia, websites, Google Books) and define training tasks
- Next sentence prediction
- Masking
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Masking 17

blue,
T

| FNN + Softmax |

T T T T T

4 )

A =
| | |

x x, [ x; [ x4+ [ xs [
My favourite colour IS [IMASK]

2020-01-29 | Jan Sellner | Natural Language Processing



Attention in Action

Layer: 0 v
]

[CLS] [CLS]
the the
black black
plays plays
with with
the the
piano piano
[SEP] [SEP]
[SEP] [SEP]

Library [9]
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Cracking Transfer Learning 19

1 - Semi-supervised training on large amounts 2 - Supervised training on a specific task with a
of text (books, wikipedia..etc). labeled dataset.
The model is trained on a certain task that enables it to grasp Supervised Learning Step
patterns in language. By the end of the training process, — — — — — — —
BERT has language-processing abilities capable of empowering ”~ N \
many models we later need to build and train in a supervised way. 75% | Spam
, Classifier —
Semi-supervised Learning Step y 25% | Not Spam

- — == = == =\ 1

[ =)

I I Model:
I Model: (pre-trained

C— BERT | | in step #1) C— BERT
|
| i g
5 Email message Class
|

Dataset: )
e Buy these pills Spam
WIKIPEDIA I :
Die freic Enzyblopidic I Dataset: Win cash prizes Spam
. . Predict the masked word Dear Mr. Atreides, please find attached... Not Spam
Obijective: ,
N (langauge modeling) \ y,
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Model Size 20

10000
MegatronLM
8300
o
: S
7500
O
= NVIDIA.
g
o]
=
<
o,
G
) 5000
w2
o
o
=
2 OpenAI UNIVERSITY of WASHINGTON
2500 GPT2 Grover-
0 Mega
34 1500 1
0 @ i Google Al m = R0 .
k]z Transformer @ ® .
OpenAI ELM -
BERT-Large o MT-DNN XLM 665 RoBERTa 3
ELMo GPT 340 A 330 340 355  DistilBERT
94 110 5 XLNET “® o
® ° Carnegie ¢ °®
02 e Me!lon . Py [1 1]
RS S @ 9 9 University 9
Q Q Q Q Q Q
Ky O O o RS O
Q\\ 3 Qé ,b\‘\ Q S
W 3 S & W D)

Qo W

2020-01-29 | Jan Sellner | Natural Language Processing




Real-World Implications 21

Google

= The Keyword

SEARCH

Understanding searches better
than ever before

Pandu Nayak

Google Fellow and Vice President, Search

Published Oct 25, 2019

vy [ B8

If there's one thing I've learned over the 15 years working on Google
Search, it's that people’s curiosity is endless. We see billions of searches
every day, and 15 percent of those queries are ones we haven't seen
before--so we've built ways to return results for queries we can't

anticipate.

When people like you or | come to Search, we aren't always quite sure
about the best way to formulate a query. We might not know the right

words to use, or how to spell something, because often times, we come

https://www.blog.google/products/search/search-language-understanding-bert/
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Literature 22

- Papers

- Vaswani, Ashish, Noam Shazeer, Niki Parmar, Jakob Uszkoreit, Llion

Jones, Aidan N. Gomez, Lukasz Kaiser, and lllia Polosukhin. ‘Attention Is All
You Need’. In NIPS, 2017.

« Devlin, Jacob, Ming-Wei Chang, Kenton Lee, and Kristina Toutanova.
‘BERT: Pre-Training of Deep Bidirectional Transformers for Language
Understanding’. ArXiv:1810.04805 [Cs], 10 October 2018.

- Blogs
« https://jalammar.qithub.io/

« https://medium.com/synapse-dev/understanding-bert-transformer-attention-
isnt-all-you-need-5839ebd396db

« https://mccormickml.com/2019/05/14/BERT-word-embeddings-tutorial/
 Implementation
- https://github.com/huggingface/transformers
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