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This document explains the topic
Encoder  in Transformer
Architectue
First  v isual  representat ion is
covered
Then Definit ion of Encoder,  and  
s imple explanation is  shared
In the detai led sect ion, step by
step explanation is  covered with

Each stage explanation
Each stage inputs and Ouputs,
An Example to explain the
concepts better

WHAT IS COVERED IN THIS DOCUMENT?
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VISUAL REPRESENTATION OF ENCODER

ENCODER
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DEFINING ENCODER

The encoder in a Transformer architecture plays a
crucial  role in processing input data  and preparing it
for further processing by the decoder.  I t  consists of
several layers ,  
Each compris ing two main components:  self-attention
mechanism  and feedforward neural network .  The
encoder operates sequential ly ,  with each layer
transforming the input data through a ser ies of
operat ions
Imagine a conductor in a giant orchestra.  Their job is
to l isten intently to al l  the musicians and understand
how each instrument contributes to the overal l  sound.
This is  exact ly what the encoder in a transformer
architecture does!  Instead of musical  notes,  the
encoder works with words or other elements in a
sequence of data.
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The input sequence, typical ly represented as
a sequence of word embeddings or token
embeddings,  is  fed into the encoder.
Each token in the input sequence is
transformed into a high-dimensional
embedding vector that represents i ts
semantic meaning in the context of the
sequence.

STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

INPUT  EMBEDDING
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
Sequence of

token
embeddings
representing

the input text .

Outputs
Embedded
representations
of each token in
the input
sequence.

INPUT
 EMBEDDING

INPUT  EMBEDDING
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
The Cat sat on

the Mat.

Outputs
[embedding("The"),
embedding("cat"),
embedding("sat"),
embedding("on"),
embedding("the"),
embedding("mat")] 

INPUT
 EMBEDDING

INPUT  EMBEDDING
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Since Transformers do not inherently
understand the order of tokens in a sequence,
posit ional  encoding is  added to provide
information about the posit ion of tokens.
Posit ional  encoding vectors are added to the
input embeddings,  a l lowing the model to
differentiate between tokens based on their
posit ion in the sequence.

STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

    POSIT IONAL  ENCODING
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
Embedded

representat ions
of tokens.

Outputs
Token
embeddings
with positional
encoding
added,
preserving both
token semantics
and positional
information.

POSIT IONAL
ENCODING

    POSIT IONAL  ENCODING
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
[embedding("The"),
embedding("cat") ,
embedding("sat") ,
embedding("on"),
embedding("the"),
embedding("mat") ]

Outputs
[embedding("The") +
positional_encoding(1),
embedding("cat") +
positional_encoding(2),
embedding("sat") +
positional_encoding(3),
embedding("on") +
positional_encoding(4),
embedding("the") +
positional_encoding(5),
embedding("mat") +
positional_encoding(6)] 

POSIT IONAL
ENCODING

    POSIT IONAL  ENCODING
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The core of the encoder is  the self-attention
mechanism, which enables the model to weigh
the importance of dif ferent tokens in the
input sequence when processing each token.
Self-attention computes attention scores
between al l  pairs of tokens in the input
sequence and generates context-aware
representat ions for each token.
It  a l lows the model to focus more on relevant
tokens and less on irrelevant ones,  capturing
long-range dependencies effect ively.

STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

    SELF-ATTENT ION MECHANISM
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
Token

embeddings
with posit ional

encoding. .

Outputs
Contextualized
representations
of tokens
obtained
through self-
attention
mechanism.
 Each token
representation
captures its
relationship
with other
tokens in the
sequence.

SELF-ATTENT ION
MECHANISM

    SELF-ATTENT ION MECHANISM
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
[embedding("The") +

posit ional_encoding(1) ,
embedding("cat")  +

posit ional_encoding(2) ,
embedding("sat")  +

posit ional_encoding(3) ,
embedding("on") +

posit ional_encoding(4) ,
embedding("the") +

posit ional_encoding(5) ,
embedding("mat")  +

posit ional_encoding(6) ]

Outputs:
[contextualized_embe
dding("The"),
contextualized_embed
ding("cat"),
contextualized_embed
ding("sat"),
contextualized_embed
ding("on"),
contextualized_embed
ding("the"),
contextualized_embed
ding("mat")] 

SELF-ATTENT ION
MECHANISM

    SELF-ATTENT ION MECHANISM



DINESHLAL

To capture dif ferent aspects of the input
sequence, self-attention is  often performed
mult iple t imes in paral lel ,  each with dif ferent
learned project ion matr ices.
These paral lel  sel f -attention mechanisms are
cal led "attention heads," and they al low the
model to attend to dif ferent parts of the
input sequence s imultaneously.

STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

    MULT I -HEAD ATTENT ION
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
Contextual ized
representat ions
of tokens from
self-attention
mechanism.

Outputs
Enhanced
representations of
tokens with
multiple
perspectives,
obtained through
parallel self-
attention heads.

MULTI -HEAD
ATTENT ION

    MULT I -HEAD ATTENT ION
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
[contextual ized_emb

edding("The"),
contextual ized_emb

edding("cat") ,
contextual ized_emb

edding("sat") ,
contextual ized_emb

edding("on"),
contextual ized_emb

edding("the"),
contextual ized_emb

edding("mat") ]

Outputs:
[[enhanced_contextualiz
ed_embedding("The"),
enhanced_contextualize
d_embedding("cat"),
enhanced_contextualize
d_embedding("sat"),
enhanced_contextualize
d_embedding("on"),
enhanced_contextualize
d_embedding("the"),
enhanced_contextualize
d_embedding("mat")] 

MULTI -HEAD
ATTENT ION

    MULT I -HEAD ATTENT ION
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After self-attention, the output from each
attention head is  concatenated and passed
through a feedforward neural  network.
The FFN consists of two l inear
transformations separated by a non-l inear
act ivat ion funct ion, such as ReLU.
It  enables the model to capture complex
patterns and relat ionships within the input
sequence.

STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

    FEEDFORWARD NEURAL NETWORK (FFN) :
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
Contextual ized
representat ions

of tokens,
potential ly

from mult iple
attention

heads.

Outputs:
Transformed

representat ions
of tokens after

passing through
the feedforward
neural  network.

This captures
complex patterns
and relat ionships
within the input

sequence.

FEED
 FORWARD
 NETWORK

    FEEDFORWARD NEURAL NETWORK (FFN) :
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
[contextual ized_embe

dding("The"),
contextual ized_embe

dding("cat") ,
contextual ized_embe

dding("sat") ,
contextual ized_embe

dding("on"),
contextual ized_embe

dding("the"),
contextual ized_embe

dding("mat") ]

Outputs:
[transformed_embedding(
"The"),
transformed_embedding(
"cat"),
transformed_embedding(
"sat"),
transformed_embedding(
"on"),
transformed_embedding(
"the"),
transformed_embedding(
"mat")] 

FEED
 FORWARD
 NETWORK

    FEEDFORWARD NEURAL NETWORK (FFN) :
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To stabi l ize the training process and faci l i tate
the f low of gradients,  layer normal izat ion is
appl ied after each sub-layer (self-attention
and feedforward network) .
Addit ional ly,  residual  connections are
employed, al lowing the or iginal  input to
bypass the sub-layers and be summed with
the output.
This helps al leviate the vanishing gradient
problem and faci l i tates training deeper
networks.

STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

    LAYER NORMALIZAT ION AND RES IDUAL
CONNECT ION:
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
Transformed

representat ions
of tokens from

the
feedforward

neural  network.

Outputs:
Normalized
representations
with residual
connections
applied, preserving
information from
previous layers
while stabilizing
training.

LAYER
NORMALIZAT ION
AND RES IDUAL
CONNECT ION

    LAYER NORMALIZAT ION AND RES IDUAL
CONNECT ION:
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
[ t ransformed_embeddi

ng("The"),
transformed_embeddin

g("cat") ,
transformed_embeddin

g("sat") ,
transformed_embeddin

g("on"),
transformed_embeddin

g("the"),
transformed_embeddin

g("mat") ]

Outputs:
[[normalized_embedding(
"The"),
normalized_embedding("
cat"),
normalized_embedding("
sat"),
normalized_embedding("
on"),
normalized_embedding("
the"),
normalized_embedding("
mat")]

LAYER
NORMALIZAT ION
AND RES IDUAL
CONNECT ION

    LAYER NORMALIZAT ION AND RES IDUAL
CONNECT ION:
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The encoder consists of mult iple identical
layers,  each containing a self-attention
mechanism and feedforward neural  network.
The output of one encoder layer serves as the
input to the next layer,  a l lowing the model to
capture increasingly complex patterns and
dependencies in the input sequence.

STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

    STACKING ENCODER LAYERS:
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
Output

representat ions
from the
previous

encoder layer

Outputs:
Contextualized
representations of
tokens from the
current encoder
layer, ready to be
passed to the next
layer.

STACKING 
ENCODER 

LAYERS

    STACKING ENCODER LAYERS:
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
[normal ized_embedd

ing("The"),
normal ized_embeddi

ng("cat") ,
normal ized_embeddi

ng("sat") ,
normal ized_embeddi

ng("on"),
normal ized_embeddi

ng("the"),
normal ized_embeddi

ng("mat") ]

Outputs:
[[contextualized_embeddi
ng_layer_2("The"),
contextualized_embeddin
g_layer_2("cat"),
contextualized_embeddin
g_layer_2("sat"),
contextualized_embeddin
g_layer_2("on"),
contextualized_embeddin
g_layer_2("the"),
contextualized_embeddin
g_layer_2("mat")]] 

STACKING 
ENCODER 

LAYERS

    STACKING ENCODER LAYERS:
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The f inal  output of the encoder is  a sequence
of context-aware representat ions for each
token in the input sequence.
These representat ions contain r ich
information about the input sequence and are
passed on to the decoder for further
processing in tasks l ike language translat ion
or text generat ion.

STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

    OUTPUT  OF  ENCODER:
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
Contextual ized
representat ions
of tokens from

the last
encoder layer. .

Outputs:
Sequence of context-
aware
representations for
each token in the
input sequence,
containing rich
information about the
input sequence and
ready to be passed to
the decoder for
further processing.

OUTPUT  
OF  ENCODER

    OUTPUT  OF  ENCODER:
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STEP-BY-STEP EXPLANATION OF ENCODER IN
TRANSFORMER ARCHITECTURE

Inputs:
[contextual ized_embed
ding_layer_2("The"),

contextual ized_embed
ding_layer_2("cat") ,

contextual ized_embed
ding_layer_2("sat") ,

contextual ized_embed
ding_layer_2("on"),

contextual ized_embed
ding_layer_2("the"),

contextual ized_embed
ding_layer_2("mat") ]

Outputs:
[final_contextualized_em
bedding("The"),
final_contextualized_emb
edding("cat"),
final_contextualized_emb
edding("sat"),
final_contextualized_emb
edding("on"),
final_contextualized_emb
edding("the"),
final_contextualized_emb
edding("mat")]

OUTPUT  
OF  ENCODER

    OUTPUT  OF  ENCODER:



DINESHLAL

SPECIAL  THANKS TO  CHATGPT,  OPEN A I ,  COPILOT ,  GEMINI  
FOR THE  SUPPORT ON CONTENT


