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The Sentiment Analysis Pipeline

The Various Applications of RNNs

The Sequence to Sequence Framework

Introducing the Attention Mechanism

Attention is all you need
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Part 1 : The Sentiment Analysis Pipeline
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The Embedding Layer

 The Embedding Layer takes as input the sequences of integers. But all the sequences should be of the
same length T, so that we can pack them into the same tensor :

« Sequences that are shorter than T are padded with zeros.
« Sequences that are longer that T are truncated.

Row Data Preprocessed Data
Document 1 : « There were no wolves in the movie. »  Document 1:[23, 43,12, ...,2343,0,0, 0, 0] m
Document 2 : « This movie has one star and that star  Document 2:[12, 1, 3453, ..., 123, 23, 12, 9] 2D tensor of
is Ryan Gosling. Great flick, highly recommend it. » .
- integers, of
— ; ; shape (N, T)

Document N : « How many times must Willy be freed »  DocumentN : [1, 1252, ..., 1232, 0, 0, 0, 0, O]
before he’s freed?. »

 The Embedding Layer transforms the 2-dim input tensor of shape (N, T) into a tensor of shape (N, T, D).

) T R Embedding Matrix D
t F Document1:[23, 43, 12, ..., 2343, 0,0, 0, O] ' \ -
( Wo A { ”
1 ...
1 y w1 \
. Document 2 : [12, 1, 3453, ..., 123, 23, 12, 9] o wg ..
(105 Wy
ws
« Document 3][1,4,1,0,0,0,0,0,0,0,0,0, 0]! 4 > 1 co. W
) ) \ Wo )

Document N : [1, 1252, ..., 1232, 0, 0, 0, 0, O] \ e Wy

\4
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The Sentiment Analysis Pipeline — Part 1 —

A

% prediction target
1
3 o |P1 U1
da | hr| ==
v J ’ )
LSTM LSTM|——{ LSTM ———»‘ LSTI\/I\
T X9 rr_ Uiten D

1

Preprocessing
and

Embedding Laxer
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The Sentiment Analysis Pipeline — Part 2 —

« Let’s keep track of the evolution of the tensor shape after each layer transformation:

Sequences of

Integers
\
\

Input Data Predictions
(N, T) . (N.T.D' (N,dy) —— (N,dy) —— (N,d3 —— (N,)
Embedding LSTM Dense Dense Dense
layer layer layer layer layer

The Forward Propagation

Imperial College Business School Imperial means Intelligent Business 6



Part 2 : The Various Applications of RNNs
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The Various Applications of RNNs

« There are principally 4 types of applications to Recurrent Neural Networks.

 One to Many: Mapping a vector to a sequence of vectors.
« Many to One: Mapping a sequence of vectors to one vector.
 Many to Many:

« Aligned case: Mapping a sequence to another sequence of the same length 1T’

 Unaligned case: Mapping a sequence of length Iz into another sequence of
length T}, (with T}, # T}))

one to many many to one many to many many to many
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The Many to One problem — The architecture —

» In the Many to One framework, the objective is to map a sequence (X/,...,X]) € RT*P
into a vector h;-[‘ € R? using the LSTM layer € parameterized by 6

A \ A A A A A
D ‘ X! e X X! x; x° X7
T

« So far, we have only discussed models that are part of the Many to One framework.

« Sentiment Analysis (Lecture 6).
* News Classification (programming session 7).

* Let us consider some examples in the next slides.
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Stacking LSTM layers for a Multiclass classification Problem

from tensorflow.keras.layers import LSTM

lstm 2 = LSTM(d_2, return sequences

Y1 Y2 YT 1 YT d;

lstm 1 = LSTM(d 1, return sequences = T

I To TT_1 T

1

Preprocessing
and non trainable
Embedding Layer

What a great movie
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Stacking LSTM layers for a Multiclass classification Problem

« Let’s keep track of the evolution of the tensor shape after each layer transformation:

Sequences of

Integers

A
[ |

Input Data Predictions
(NaT) > (N,T,D) (NaTadl) (N, d2: —_— (N, d3:
Embedding First Second Dense
layer LSTM LSTM layer
layer layer

The Forward Propagation

Imperial College Business School Imperial means Intelligent Business



Bidirectional LSTM for a Multiclass classification Problem

I To T 1 Irr
Preprocessing
And trainable
Embedding Layer
What a great movie
< >

hr

T

Concatenate the vectors

Reverse the sequence
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Bidirectional LSTM for a Multiclass classification Problem

« Let’s keep track of the evolution of the tensor shape after each layer transformation:

Sequences of

Integers

A
[ |

Input Data

(N, T) - (N, T, D)
Embedding

layer

(N, 2 X dl)
Bidirectional

LSTM

layer

Predictions
\
—— (N,ds,
Dense
layer
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The Forward Propagation
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The Many to Many Problem (Aligned case) — The Architecture —

+ In the Many to Many framework, the objective is to map a sequence (X;,..., X} ) € RT*P
into a sequence (hi,...,hT) € RT*% using the LSTM layer ¢ parameterized by 6

« We are considering the aligned case where the input and the output sequences are of the
same length T

— & > &g &g M &y > & — & 3 &
| | I | T | |

D l x! X? X3 b X3 X® X7

« - >

Imperial College Business School Imperial means Intelligent Business

14



The Many to Many Problem (Aligned case) — an Example —

« POS (Part Of Speech) Tagging is a typical example, where the objective is to tag each word
of a sentence with its "Part-of-Speech" tag.

« Another popular model can be used for POS tagging: The Hidden Markov Model (HMM).

Tags = Hidden Noun —— Verb — Det Adjective > Noun
states l l l l l
Observation Timothy likes the friendly lady

(See the Optional Reading) for more details about the HMM

Imperial College Business School Imperial means Intelligent Business 15



The One to Many Problem — The Architecture —

* In the One to Many framework, the objective is to map a vector X € RP
into a sequence (hi,...,hT) € RT*% using the LSTM layer ¢ parameterized by 6

The vector X € RP is typically the output of an encoder layer processing an image or
another sequence for instance.

« At each step of the generation process, the output hﬁ is fed back into the model to get the
: t41
new hidden state h;

— & > 59 59 » 59 g 59 o 80 " &
) ? T H T H H
D ‘ X
< >
T

Imperial College Business School Imperial means Intelligent Business 16



The One to Many Problem — an Example —

architecture.

Encoder part: CNN

— CNN —

\

feature
vector

Image captioning is a typical example, where the description of an image is generated.

An image is mapped into a feature vector, which in turn becomes the input for an LSTM

Decoder part: RNN or LSTM

étarb elephant is

/
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t 1

<start> elephant

t t 4
Softmax| Softmax| |Softmax| | Softmax |
1 t 0t 4
=N N =
ind? linndt? el
- - - -

o)

t

water

.
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Part 3 : The Sequence to Sequence Framework
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The Sequence to Sequence Framework —The architecture —

« For Many to Many applications, the LSTM models can only be applied in the aligned case (i.e, if the input
and the output sequences are of the same length).

- However, if we want to learn a mapping from a sequence of input vectors of length 7, into a sequence of
output vectors of length 13, (where T, # T3 ), we need to introduce a new framework, composed of two

steps. T,
”-al. 8; “,7 l “11
« An encoder &g, maps the input ’ 1 | ’ | [
sequence (X2,...,X,") € RT=>Ds 5 2 o §7

into the final hidden state h?"

- Adecoder Dy, is initialized with the final
encoder hidden state:

T, .0
h;* =s

i

« We can then generate the sequence of

hidden states associated with the decoder ] I
1 T D, ||X} X?‘ X1 X! Xt x¢ X'-T‘
(8;5---,8;%)
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The Sequence to Sequence Framework — an Example —

« A Typical example for the Sequence to Sequence Framework is Neural Machine Translation (NMT).

« We usually use Teacher Forcing during the training process.

Tom a été entarté <eos>
True labels
1 2 3 T,—1 T
¥ 3z s Yi e 31:' u y-i. v
- - ~' P B - T
} oW e
ol
g 1 3 | -3 : T-1 K
V Y u; : Y; : Y; : Y;
v : : s
3 o] P % O
'/V() /‘/:) : ]‘/Vo : ]I'/V() : "V()
Dense Dense Dense Dense Dense
A A A A A I A L - - L 3 I
B fﬂl 7 f0| E— o " [ " 8 " f0| —* 7 > fgz > fgz N fgz * fgz > fo-_g
b b R S Y S R I 'y A A A A
D, x X? s ] 5 o o Dyl i x! X! be X!
B B 4 4, 'y ) , - ' - e -
W, W, W, W, W, Iw ]w,z W, W, W, Iw . W,
Encoder Embedding Layer ‘ | Decodé:r EmbeddinggLayer
- L 2 - L T I 1 b I A
1 2 3 4 5 G TJ. - 2 . 3 T.—1
w; Wi w; Wi s Wi W @y Ui Y; Y; .
Tom was hit with a pie <eos> <sos> Tom a ete entarte
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The Sequence to Sequence Framework — an Example —

» During the prediction phase, at each iteration, the decoder output is fed back into the model.

Tom a été entarté <eos>
True labels . . ] 7,1 T,
Y; Y Y Y; Y;
7l 2 -3 ~Ty—1 ~ T
Wi i w; i w;

v
s
[ ]

3
W,

Decodér EmbeddingéLayer

W i |w.

Dense
A A A A A I A L
fﬂl ; f(’l fﬂl 6 " fﬂl T fﬂl [N > fez
j L D Y S [y A I 'S A
D, |x x; x; x; x; X X7 Dyl X!
A - L L3 L3 A A ) & . i
W, W, W W, W, We W, W,
Encoder Embedding Layer ’ |
A L - - A ) A
1 2 3 4 5 6 T -
Wi w; w; w; w; w; w; iy
Tom was hit with a pie <eos> <S0s>
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Limitations of the Sequence to Sequence Framework

« There are two main challenges with the sequence to sequence framework using RNNs:

* First, by feeding a single fixed length vector to the decoder, the encoder has to compress all
the input information in few dimensions, which leads to a loss of information.

« This architecture doesn't allow model alignment between the input and the output
sequences.

« We would like each output sequence to selectively focus on relevant parts of the input sequence.
T,

hit with a pie <€0s>

Tom was

Tom

T, été

entarté

<eos>
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Part 4 : Introducing the Attention Mechanism

Imperial College Business School Imperial means Intelligent Business

24



Sequence to Sequence with Attention Mechanisms

« The vanilla Sequence to Sequence model has to boil the entire input sequence into a single vector.

[ [l [ t' <t t >
- At each decoder time step ¢y € {1,..., Ty}, we would like the input vector to be: ¢;¥ = a, " his
t Tz t t tzzl
< y tx> < . x>
suchthat: Vt,€{1,...,Tx} a " >0 and 2 :ai wts> _ 4
t,=1 attention weights
Vanilla Sequence to Sequence Sequence to Sequence with Attention
lab™ P
sl 2 k g(.,l l s!
B Ty . L DU-( ( Dl?d
‘Sl S'} s,.]w” 1 b 1': ......................................................
| _____________ I ] [ ) 2 B gty
sV z .,3 Y ] f § t.=1 ‘ 1
) :.sz .S! 5 J <
Dy, v Dy, ——| Dy, —— Dy, —
: . @
av_::t 1 a'-'.ft‘,,.‘."::- ajf.‘t‘,,ilj:» a'::it,.4‘:> af:‘.t,,.’:} at-:ity.T,—l_‘} QT:"V‘TJ}
[ ‘ ........... _,40(k
— & s, & Sé 5;),_ s,
D, ||X IX’ ‘ E| x; E — &, &, &, o, s, &, &,
2 B W OHOHE H E
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Query-Retrieval Modeling

 Attention mechanisms intuition originates from database Query-Retrieval Problems.

 In the following database, the query retrieval problem consists in searching a query through the keys in

order to retrieve a value.

Imperial College Business School

Query I:>

—>| Valuei

Database
Key 1 Value 1
Key 2 Value 2
Key n Value n
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Query Retrieval Modeling — an Example —

Attention mechanism

key

Antention Is All You Need

value

_._

I
“1
| ﬁ")

]

CSW3L07 Attention Model Intustion

©

R il

value

Database (key/value)
key
Yoshua Benguo: Attention and Consciousness (NeurlPSs 2019)
value key
Lecture 10; Neural Machine Translation and Models with Attention
value
key

key
Deep Leaming 7. Attention and Memo«y in Déep Leaming
value
© DoooMing
2013

ALerdion and
Mernory in Devp
Learning

DLEP LEARNING m

key

value

CS480/680 Lecture 19; Attention and Transformer Networks

Imperial College Business School
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Query Retrieval Modeling — an Example —

keys

k’l CSWIL0T7 Attention Mode! Intution

k3 Lecture 10: Neural Machine Translation and Models with Attention

S1
query S2
Allention mechanism q
S3
s’!-

Imperial College Business School

ks Yoshua Dengio: Attention and Consciousness (NeurlPS 2019)

k CS480/680 Lecture 19: Attention and Transformer Networks
n

values

‘vl
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Attention Mechanism as a Soft Query-Retrieval Problem

n U2 V3 Un

Lol g

X X X X — A(q, {kiavi}lgign) = Zaivi
‘l‘ i=1

“Function Equation
Dot Product a(q, ki) = q" k;
Scaled Dot Product a(g, ki) = %
Luong’s Multiplicative alignment a(q, k;) = ¢’ Wk; —
Bahdanau’s Additive alignment  a(qg, k;) = v; tanh (W q + W,k;)
Feature-based a(q, ki) = W _act(Wid:(k:) + Waga(q) + b)
Kernel Method ala. k) = 9 30k
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The Attention Welights

* The Attention weights:

query |s;

Function t

Vt, €{1,...,T:} key | h¥

» The decoder input attime ¢, € {1,...,T,} , also called the
context vector is:

Imperial College Business School

Alignment » e<t.,,,t,> »

Distribution > -a-<t”’t‘>

Function 1
T,
ty, Lysle> g 8,
¢ = i h;
| A
values
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Wrap-up: The Sequence to Sequence model with Attention

Generating (}7;.1, e

,}A’iTy) using the final model:

maps the input embeddings (X}, ..
to the decoder hidden states (hz.l,

* An Attention Layeer parameterized
by 8, is used to compute the attention
weights ¢ .<t”’t = in order to get the
context vector c
decoder at time t c{l,...,T,}

« A Decoder Layer Dy, parameterized by 84

which generates the decoder hidden
states (32. S, y)

- Afinal Dense Layer Fg,
parameterized by 6 f canbe usetd to
map each decoder hldden state s
into the prediction Y ty

An Encoder &g, parameterized by @,

T
X )
- ;")

. which be fed into the

Imperial College Business School
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4
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A
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Part 5 : Attention is all you need
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Addressing the polysemy problem: Building Contextual
Embeddings

« (Consider these two sentences:

Sentence 1: Tom a entarté par Jerry (Tom was hit with a pie by Jerry)

Sentence 2: Cet il fera horriblement chaud (This summer it will be unbearably hot)

« Although the token “été” has two different meanings in the sentence (was/summer), the
Word2vec/GloVe approach will assign the same embedding vector to the token “été”.

« To overcome the polysemy problem, we need to introduce Contextual Embedding Vectors.

« Contextual embeddings assign to each word a representation based on its context, thereby
capturing uses of words across varied contexts.

Imperial College Business School Imperial means Intelligent Business
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The Self Attention Layer

e Forall te€l,...,T,the contextual embedding A (qt, (k!

as follows:

Imperial College Business School

!

!

)1§t'§T, (’U )1§t'§T

) can then be computed

T

A (qt; (k't')1<t'<7‘, (’Ut,)l«<t'<7‘> = Z ad’t'}'vt'

t'=1
<t,t’
att> — _© ~
T
Z e<t,s>
s=1
t Lt
e(t,t -
Vg
4 , N
qt - ngt
kK =wixt
'Ut — Wrgxt
N /
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An example:

« The contextual representation of the token "été” in sentence 1 is:

A (‘ISa (kt')l-’ut%:;’r) ("-’t!)1<t’-’-T)

SOFTMAX

,Ul ql kl vz q2
\ A

X! X?

Tom a

Imperial College Business School

X3

été

»
>

X4

entarté

0 4
Q. K ¢ kT
v di d;.
’US qs kS ’DT qT kT
A A
X5 xT
par Jerry
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An example:

« The contextual representation of the token "été” in sentence 2 is:

A (q2, (K" )1<pr<T) (’Ut!)lq’f.’r)

SOFTMAX ]
£ f f t
¢’ K’ gk q°. K g>. k"
vy dy; \ di /dy,
< N \ \
,vl ql kl ,Uz q2 k2 'u" q3 k3 v4 q4 k" vs qs k5 vT qT kT
A A A A A
x! Xx? b & X X° xT
Cet été II| fera horriblement chaud
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The Self Attention Layer: Matrix Notation

!

« Let us consider the matrix containing all the contextual embedding vectors A (qt, (k") 1<p<T, (V' )1§t,ST)

forall tel,...,T

Imperial College Business School

AQ,K,V) =

Txd
c R %%, =

/

/

!/

—  A(q", (k" )1<co<r, (V" )1<p<r) -
— A (qt, (kt Ji<e<T, (’Ut )1§t'§T) -==

- A(CIT, (k‘t)lgt'gT, (’Ut)lgtng) -=-

/ —

/

!

— e ’v]‘ e
c RTXdk, V — E E E E RTde
- | ——- rvT -
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The MultiHead Attention Layer

« The Multi-Head Attention module consists in applying the self attention mechanism defined
previously h times in order to capture different notions of similarity.

Imperial College Business School

P = concat (4 (QW,, KW, VWy),..., A (QWS, KW, VW))W,

|
E3
|

Concat
A A T
(
c
{ Scaled Dot Product Attention Jd% h
A A A
( _C ) (
[ | ) (
h | ' /L h h
Linear Linear Linear
Vv K Q
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The Transformer Architecture

« “Attention is all you need” (Vaswani, et al., 2017) stands out among the most important and
interesting papers of the recent years.

A
[ Linear J
A

[

/ Add & Layer Norm

‘ Feed Forward

A

—)'Add & Layer Norm

Multi-Head
Attention

KfvAQ
Positional
i

A

v/

S

Embedding
Layer

7
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Masked Multi- | .-~
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Positional
LY

e

Embedding
Layer

7

L
L

Scaled Dot Product Anention

|

b | rj h
Linssr ¥ ‘ Linear * -
K Q

A (Q’s“’r heger (¢7) ]
v
9 .9 i
[ YFTMAX ]
P L [ Sy
{ P i ] LR N\
‘ ’ v ’q_" k ot { 7 ’ o ’q_T‘ K
X! X
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Attention applications: Language Models:

Evolutionary

Tree Glfg BardG (GPT-4& I gkl ElGUda.
OX) [

Anthropic
OPT-IML[0.N - A
BLOOMZ #J Galacticale\] el

|{CLosed-Source|

GPT-NeoX[@]

ohere

urassic-

GLM[&)
Switch

TO % |

DeBERTa] mTSic GPT-38

ELECTRA Unitm2ld
G ~ | open source 2— fmjz
Distill T5 " Iclosed source B_
ALBERT €] |BERT  YRArTh (UnilMEF e
RoBERTa[#N) EENTED e
- GPT-2/5) - |
L=
BERT[€ o 9
1 pussay 1
ELMOLL ) i TR LR | [
— I 00
5 2|®
FastText Glove | = s G
Word2Vec

Source: here
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https://github.com/Mooler0410/LLMsPracticalGuide

Other applications:

» Biology: Protein Folding Problem

Imperial College Business School

» Show, Attend and Tell: Neural Image Caption Generation
with visual Attention [Xu et. Al, 2015]

» Transformers for Image Recignition at Scale [Dosovitskiy et
al., 2020]

» AlphaFold2 [Jumper et al., Nature 2021]

» Blog here

Imperial means Intelligent Business
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https://www.deepmind.com/blog/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology

Go to the following link and take Quizzes 8 :
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https://hm-ai.github.io/MLF/

