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Introduction to

Transformers
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Definition of Transformers

Transformer
Transformer models (2017) are neural networks that use a
technique called self-attention to take into account the context of
elements in a sequence, not just the elements themselves.

Encoders compute compute meaningful embeddings of the input.
Decoders then predict the next token in the sequence.
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Definition of Transformers

Transformer Neural Networks:

A context window (vector) is the maximum token length a model
can process at once.
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Transformer Overview



Introduction to Transformers Computational Foundations Attention Attention and Transformers BERT Models Applications Appendix A: Cheatsheets

Transformer Overview
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Transformer Overview
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Types of Transformer Model

Encoder-Only: (e.g., BERT).
Ideal for understanding text, classification, embeddings.

Decoder-Only: (e.g., GPT).
Task support includes text generation, conversation, creative
writing.

Encoder-Decoder: (e.g., T5).
Focus on translation, summarization and sequence tasks.
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Transformer Models
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Transformer Models
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Benefit of Transformers

Benefits:

This ability makes transformers ideal for:
Analyzing sentences/paragraphs of text, and
Translating languages and understanding complex sentences.
Computer vision (image classification, object detection, vision
transformers).
Speech recognition, transcription, voice assistants.
Recommendation systems.
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Computational

Foundations
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Tokenization

Tokenization
Tokenization is the process of breaking raw text into smaller pieces
called tokens. Tokens are then mapped onto integer IDs using a
fixed vocabulary so that AI can understand them.
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Tokenization
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Embedding Spaces

Embedding
An embedding is a numerical representation of an element (e.g.,
token, sentence) that is characterized by vector x ∈ Rn.
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Embedding Spaces
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Embedding Operations

Sentence Embeddings:
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Embedding Operations

Similarity:
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Embedding Operations

Similarity Matrix: Visual representation of similarity among pairs
of words.

Source: Chapter 20, Glassner, 2021.



Introduction to Transformers Computational Foundations Attention Attention and Transformers BERT Models Applications Appendix A: Cheatsheets

Embedding Operations

Similarity Matrix: Comparing sentence embeddings.

Source: Chapter 20, Glassner, 2021.
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Embedding Operations

Similarity Matrix: Comparison of contextualized word embeddings
(elmos) of “train” resulting from it use in different sentences.

Source: Chapter 20, Glassner, 2021.
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Attention
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Attention Mechanisms

Attention
Attention mechanisms allow models to weigh the importance of
different words in a sequence.

Limitation of Past Approaches:
Recurrent models (e.g., RNN and LSTM) use a single hidden
state to store all information from the past.
A network has to constantly decide what to remember and
what to forget, often discarding information that later turns
out to be important.

Central Idea of Attention:
Do not compress everything; retrieve what matters.
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Attention Mechanisms

Motivating Example:

Consider the sentence:
The kiwi slept all day because it was tired.

Figuring out that “it” relates to “kiwi” is a retrieval operation.

We implicitly search the available information and select the most
relevant option.

The goal of attention is to explicity learn the relationship among
words from the data – during training attention determines what
relationship reduce prediction error.
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Attention Mechanisms

Self-Attention
In self-attention, each word looks at every other word to
understand its context and importance, regardless of the distance
between them.
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Attention Mechanisms

Computational Procedure:
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Query Key Value

Language of Attention: Each token is converted into an
embedding vector. For each embedding, generate three vectors:

Query (Q): What am I looking for? Each word serves as a
query to compute the attention scores.
Key (K): What kind of information do I contain? Each word
acts as a key to determine the relevance of other words.
Value (V): What kind of information should be returned if I
am relevant? Each word contributes as a value to the
attention-weighted sum.

Query-Key-Value Interaction
Given a query q we want to know which key k the query should
pay “attention” to with respect to the assoiated value v .
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Query Key Value

Mathematical Formula: Vectors Q, K and V are derived by
multiplying the input embeddings by the learned weight matrices.

Attention(Q, K , V ) = softmax
(

QKT
√

dk

)
V . (1)

Here:
Q: Query matrix.
KT : Transposed key matrix matrix.
dk : Dimension of the key vectors.
V: Value matrix.

Source: Geeksforgeeks.org
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Query Key Value

Scaled Dot-Product Attention:
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Query Key Value

Scaled Dot-Product Attention:
Linear Transformation: Each input word is coverted into
Query, Key and Value vectors using weight matrices W(Q),
W(K) and W(V).
Scale and Normalize: Scores are scaled by dividing by

√
dk

to prevent very large values and ensure stable training.
Softmax Normalization: Scaled scores are passed through a
softmax function to covert them into probabilities.
Final Output: All weighted value vectors are summed to
produce the final representation for each word.
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Positional Information

Embedding:
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Positional Information

Position Embedding:
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Positional Information

Embedding:
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Positional Information

Positional Embedding −→ Similarity:
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Attention: Simple Example

Example: The dog ate his dinner

Core step of attention: Using dog as the query, determine the
relevance of the word dinner.
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Attention: Simple Example

Example: The dog ate his dinner

Contribution of each word: Using attention to simultaneously
determine the contribution of all five words in the sentence to the
word dog.
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Attention: Simple Example

Example: The dog ate his dinner

Contribution: Applying attention to the other four words in the
sentence.
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Attention: Simple Example

Example: The dog ate his dinner

Q/KV Attention: Queries don’t come from the inputs.
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Multi-Head Attention

Multi-Head Attention
Multi-head attention mechanisms learn different relationships
(syntax, meaning, position).
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Multi-Head Attention
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Multi-Head Attention
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Multi-Head Attention
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Attention

and

Transformers
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Transformer Definition

Transformer
A transformer model uses self-attention mechanisms and a
composition of encoders and decoders to generate token-aware,
position-aware, and context-aware embeddings.
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Transformer Definition

Encoders compute compute meaningful embeddings of the input.
Decoders then predict the next token in the sequence.
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Transformer Process

Tokenization: Break text into smaller pieces called tokens.
Convert token into numbers so that AI can understand them.

Transformer: Use self-attention to understand relationships.
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Step-by-Step Procedure

Read input.
Tokenizer (process input tokens in parallel – compute-bound).
Embedding layer.
Transformer Block (multi-head self attention; KV cache).
Linear and softmax transformations (estimate logits and
probabilities over vocabulary).
Sampling strategy (e.g., greedy, top-K tokens, sample from
cumulative probability threshold)..
Speculative decoding (speed trick).
Detokenizer (generate tokens one-by-one).
Stream output (to end user).
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Transformer Embedding Process

Transformer Embedding Process:
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BERT Models
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BERT Models
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BERT Models
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BERT Models
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Applications



Introduction to Transformers Computational Foundations Attention Attention and Transformers BERT Models Applications Appendix A: Cheatsheets

Transformer Applications
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Appendix A. Embedding Space
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Appendix A: Multi-Head Attention
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Appendix A: Transformer (Step-by-Step Procedure)
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Appendix A: Transformer (Step-by-Step Procedure)


	Introduction to Transformers
	Computational Foundations
	Tokenization, Embeddings, Embedding Operations

	Attention
	Query Key Value, Positional Information
	Multi-Head Attention

	Attention and Transformers
	BERT Models
	Applications
	Appendix A: Cheatsheets

