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Natural Language Processing
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The Translation Problem

Let’s go over a task — popularly solved in many NLP models — translation:

A word to word translation doesn’t work in most cases

as most languages don’t share a common sentence structure.

The way NLP models go about is by capturing all the information in the input sentence in
an intermediate state.

  English => French1

  red => rouge2

  dress => robe3

  "red dress" => "robe rouge"4

  # Notice how red is before dress in English but rouge is after robe in French.5
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Capturing Relationships between objects

Input x = ( , . . . , )x1 xTx

Encoder = f( , ) (RNN)hi hi−1 xi−1

Decoder = f( , ) (RNN)Hi Hi−1 ht

Input x = ( , . . . , )y1 yTy
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Long Input Sentences

A Tale of Two Cities, Charles Dickens.

It was the best of times, it was the worst of times, it was the age of wisdom, it was the age
of foolishness, it was the epoch of belief, it was the epoch of incredulity, it was the season
of Light, it was the season of Darkness, it was the spring of hope, it was the winter of
despair, we had everything before us, we had nothing before us, we were all going direct
to Heaven, we were all going direct the other way — in short, the period was so far like
the present period, that some of its noisiest authorities insisted on its being received, for
good or for evil, in the superlative degree of comparison only.
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Long Input Sentences

Now could you memorize, not even translate, this sentence after going over it once?

Not so easy, is it?

With very long sentences as input, the intermediate state fails and is not sufficient to
capture all the information.
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Modeling Attention

An encoder reads an input sentence  into a vector .

The most common approach is to use an RNN such that

and

x = ( , . . . , )x1 xTx c

= f ( , )ht xt−1 ht−1

c = q ({ , . . . , })h1 hTx
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Modeling Attention

The decoder is then trained to predict the next word , given a context vector  and all the
previously predicted words, .

This is equivalent to defining a probability over the translation, , by decomposing the joint
probability into ordered conditionals:

where each conditional probability is modeled as

yt c
{ , . . . , }y1 yt−1

y

p(y) = p( | , . . . , , c)ΠT
t=1 yt y1 yt−1

p( | , . . . , , c) = g( , , c)yt y1 yt−1 yt−1 Ht
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Modeling Attention

g

Input x = ( , . . . , )x1 xTx

Encoder = f( , ) (RNhi hi−1 xi−1

Context =ci ∑
j=1

Tx

αijhj

Alignement =αij

exp ( )eij

exp ( )∑Tx
j=1 eik

Energy = a( , ) (FFNNeij Hi−1 hj

Decoder = f( , , )(RNHi Hi−1 yi−1 ci

Output y = ( , . . . , )y1 yTy

November 23 | BARCSYN Retreat | Falset



11November 23 | BARCSYN Retreat | Falset



Global Alignement

The global alignment weights tell us which
annotations to focus on for the next output.

While predicting the next step, weights are high only
for a few words at a time.

Attention can return to an input word — look at the
word “que” in output and how a part of its attention
is on the first word “It”.

Attention models outperform conventional
encoder–decoder model significantly.

The model correctly align each target word with the
relevant words, or their annotations, in the source
sentence as it generated a correct translation.
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Transformers

13November 23 | BARCSYN Retreat | Falset



What is a Transformer?

The Transformer in NLP is a novel architecture that aims to solve sequence-to-sequence
tasks while handling long-range dependencies with ease.

It relies entirely on self-attention to compute representations of its input and output
WITHOUT using sequence-aligned RNNs or convolution.

Attention allowed us to focus on parts of our input sequence while we predicted our
output sequence.

Self attention, sometimes called intra-attention is an attention mechanism relating
different positions of a single sequence in order to compute a representation of the
sequence.
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Self Attention

Self attention helps us create similar connections but within the same sentence. Look at the
following example:

By changing one word “full” — > “empty” the reference object for “it” changed. If we are
translating such a sentence, we will want to know to what the word “it” refers to.

“I poured water from the bottle into the cup until it was full.”1

it => cup2

“I poured water from the bottle into the cup until it was empty.”3

it=> bottle4
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Self Attention

The three kinds of Attention possible in a model:

Encoder-Decoder Attention: Attention between the input sequence and the output
sequence.

Self attention in the input sequence: Attends to all the words in the input sequence.

Self attention in the output sequence: Self attention is limited to the words that occur
before a given word. This prevents any information leaks during the training of the
model.
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Keys, Values and Queries
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Keys, Values and Queries
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Calculating Self Attention
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Self Attention
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Multihead Attention

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

dk
−−√
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Multihead Attention
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The Full Model
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Some Current LLMs
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What is Fine Tuning?
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What is Fine Tuning?
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Why Fine Tuning?
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Examples

SciGPT

Hugging Face Hub

HF Autotrain

Galactica

Instruct GPT

SciBert
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Thank You
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