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Let’s try this...

1. Take your mobile
2. Open any text editor/messenger

3. And type | <space>
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Let’s try this...

1. Take your mobile
2. Open any text editor/messenger

3. And type | <space>

4. You should see some prediction for the next word, select any of the
words which you feel is most appropriate
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Let’s try this...

1. Take your mobile
2. Open any text editor/messenger
3. And type | <space>

4. You should see some prediction for the next word, select any of the
words which you feel is most appropriate

5. Continue to select words from the predicted words for a few more
times
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Natural language processing

Natural language processing is a sub-field of {linguistics, computer science}

Human-generated language is difficult for computers to understand and interpret

In NLP, the goal is to make computers understand this complex language structure
and retrieve meaningful pieces of information from it

Some of the NLP use cases

 Text classification
« Speech recognition
« Text summary

« Topic modelling

« Question answering
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Natural language processing

- Natural language processing is a sub-field of {linguistics, computer science}
- Human-generated language is difficult for computers to understand and interpret

« In NLP, the goal is to make computers understand this complex language structure
and retrieve meaningful pieces of information from it

« Some of the NLP use cases
« Text classification

+ Speech recognition Problem to solve?

 Text summary How can we build a mathematical

« Topic modellin — representation of language that can
P S <'/ help solve all these different use cases?

« Question answering
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Evolution of NLP algorithms

fastText

3 relative

Simple NN Global Vectors Extension of
predict the for Word Word2Veg;
word based on Representation each word is
the context Matrix treated as a set
window of factorization of sub-words

other words in
the sentence
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Evolution of NLP algorithms

3 relative

Simple NN
predict the
word based on
the context
window of
other words in
the sentence
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Global Vectors
for Word
Representation
Matrix
factorization

fastText

Extension of
Word2Vec;
each word is
treated as a set
of sub-words
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BERT

Sentence 1 Sentence 2

————————————————————————’

Attention is all Pre-training of
you need deep bidirectional
transformers for
language

understanding
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How the transformer works (code generator)

def factorial (n ):
if n ==0 :
return 1
else :
return n *factorial (n -1 )

print (factorial (fact ))

Representation

Write a function to find factorial
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The encoder of the transformer

« Stack of N number of encoders

- The output of one encoder is sent as input to

the encoder above it Representation
A

Questions?

« How exactly does the encoder work?

- How is it generating the representation for the given
source sentence (input sentence)?

Write a function to find factorial
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How exactly does the encoder work?

Representation

« All the encoder blocks are identical

- Each encoder block consists of 2 B T """"""""
sublayers =

« Multi-head attention
« Feedforward network (FNN)

i Encoder Layer 2

i Encoder Layer 1

aws | am good
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Self-attention mechanism

“A dog ate the food because it was hungry.”
A .
dog. dog
ate N ate
the . the
food ~ ' food

because A1y because

it it
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I am good

The embedding of the word / is :
X1 = [176, 222, ,666] *embedding dimension be 512

-~ The embedding of the word am is :
x,=1[7.77,0.631, ... ,5.35]

X

input matrix

The embedding of the word gOOd IS : (embedding matrix)

x, = [11.44,10.10, ... ,3.33]
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3 new matrices: {query, key, value}

176 222 .. WO

am 777 0631 Weight matrices

- WK
good | 11.44 10.10 - 3. @x (randomly initialized,
' learned during training)
X WV
input matrix -

(embedding matrix)

67.85 91.2 .. 013 |y,

5.31 6.78 ...

am| 11.71 086 .. am  13.13 631 ... 444 |V,

good| 1010 1144 .. 5. good 1212 961 .. 434 |V,

(Query matrix) (Key matrix) (Value matrix)
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3 new matrices: {query, key, value}

Implies the
query, key, and
value vectors of

aws
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the word

II|H

(Query matrix)

'l 176 222

am| 7.77 0.631

good | 11.44 10.10

X

input matrix
(embedding matrix)

5.31 6.78 ...

am| 11.7 0.86

10,10 11.44 ..

good

(Key matrix)

dam

WQ
Weight matrices
- WK
(randomly initialized,
learned during training)
WV

67.85 91.2 ..

13.13 631

96.1

(Value matrix)
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Why are we computing this?
What is the use of query, key, and value matrices?

How is this going to help us?
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4-step process

aws

N1 © 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.



4-step process

- Step 1: "Dot product” between the query matrix, Q, and the key matrix, KT

369 742 .. 4. | s 10.10

am  11.11 7.07 .. 76, " ) 0.86 11.44

good 99,3 3.69 ..
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4-step process

- Step 1: "Dot product” between the query matrix, Q, and the key matrix, KT

I am good
I 13.75 11.25 10

am | 8.75 12.375 8.75

good 1125 875 125

*the dimension of the key vector(d,) is 64.
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4-step process

- Step 1: "Dot product” between the query matrix, Q, and the key matrix, KT

I am good

| 1375 1125 10
s a1 s = = am 875 12375 875

good 1125 875 125

- Step 2: "Divide" the matrix by the square root of the dimension of the key vector

I am good

I 13.75 11.25 10

oK' _ qK' -
(di 8

am | 8.75 12.375 8.75

good 1125 875 125

*the dimension of the key vector(d,) is 64.

- Step 3: "Normalize" the matrix by the square root of the dimension of the key vector

Word “|" is related to:

- itself by 90%
- amby 7%
- good by 3%
dWws
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4-step process

good I am

|| 67.85
am| 13.13 63.1
good  12.12 96.1

| am

| 0.90 0.07  0.03

0.95 0.025

7z = am 0.025

0.03 0.76

good 021

softmax OKT)
.d|<

good

91.2 ... 0.13 v,

.. 4.44 1V,
.. 43.4 vy

Step 4: final step in the self-attention mechanism is to compute the “attention matrix”

Self-attention of the word “I" is computed as the sum of the value vectors weighted by the scores

z, = 0.9067.8591.2 ...

vi(D

=002567.8591.2 ...
v(1)

, = 0.2167.8591.2 ...
v ()

adws
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+00713.1363.1] ...

v,(am)

+0.9513.1363.1 ...

V,(am)

+0.0313.1363.1] ...
V,(am)

+0.03/12.12 96.1 ...
w(good)

+0.02512.1296.1 ...
v,(good)

+0.7612.1296.1 ...
v,(good)
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Multi-head attention mechanism

- Instead of having a single attention head, we can use multiple attention
heads

 This will be useful only in circumstances where the meaning of the
actual word is ambiguous, e.q.

"A dog ate the food because it was hungry.”

Multi-head attention = Concatenation(Z; Z, Z;  Z,  Zg) W,

dWws
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Positional encoding

| 1.769 2.22

X = am 73 9.9

good 91 7.1

Input matrix
(embedding matrix)
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Positional encoding

| 1769 222 34 58|x
1.769 322 34 6.8

X=am7s 99 85 71 a 0.841 054 001 0.99
good 91 71085 10,4, 8.14 10.44 8.51 8.09

0.909 -0.416 0.02 0.99
Input matrix | - 10.0 668 0.87 11.09
(embedding matrix) P
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Positional encoding

|| 1769 222 34 58 |«
1.769 322 34 6.8

X=am73 99 85 71 a, 0.841 0.54 0.01 0.99
814 10.44 851 8.09

Input matrix
(embedding matrix) P

10.0 6.68 0.87 11.09

But how does it generate this?
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Positional encoding

| 1.769 2.22
1.769 322 34 6.8

X= am73 99 0841 054 001 0.99

9.1 7.1 _ _ 8.14 10.44 8.51 8.09
good 0909 -0.416 0.02 0.99

Input matrix | | 100 668 087 11.09
(embedding matrix)
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Positional encoding

| 1.769 2.22

X = am 73 99

good 91 7

Input matrix
(embedding matrix)
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0.841

0.909

-0.25

0.91

-0.25

1.769

0.54 0.01 0.99

8.14
-0.416 0.02 0.99

10.0

Positional encoding for the 30t word

322 34 6.8

10.44 8.51 8.09

6.68 0.87 11.09
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Let’s recall

Representation

Representation

| am good
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Add and norm component

Encoder block

| am good
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Putting it all together
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Encoder 2

def factorial (n ):
if n =0 :

return n *factorial (n -1 )

Cm

print (factorial (fact ))

Preccecccag

Encoder 1

Representation

Write a function to find factorial

| am good

aws

N1 © 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.



Resources
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Thank you!
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