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Deep Learning
A course about theory & practice
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Attention is what we need?
(intuition)
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▪

Generating Text Captions from Images
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▪

Natural Language Requires Attention
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▪

Attention and Convolution



Attention and Transformers [9]Deep Learning  2024-2025

Attention as a Kernel
(another perspective over convolution)
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Attention as Kernel
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Attention as Kernel
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▪

Nadaraya & Watson, 1964]

Attention as Kernel



Attention and Transformers [13]Deep Learning  2024-2025

▪

Attention as Kernel



Attention and Transformers [14]Deep Learning  2024-2025

▪

w

Attention as Kernel



Attention and Transformers [15]Deep Learning  2024-2025

▪

w

Attention as Kernel



Attention and Transformers [16]Deep Learning  2024-2025

▪

•

•

Attention as Kernel
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Attention: Queries, Key and Values
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Is Attention a Kernel?
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•
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Attention Pooling: Queries, Keys and Values
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▪

a

Attention: Queries, Keys and Values
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▪

d

Attention Scoring Function
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▪

m n v

Attention Scoring Function



Attention and Transformers [23]Deep Learning  2024-2025

▪

Attention Map
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Scaled Dot-Product Attention
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Scaled Dot-Product Self-Attention
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Scaled Dot-Product Cross-Attention
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Attention vs Convolution vs RNN
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Positional Encoding
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Positional Encoding
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Positional Encoding



Attention and Transformers [31]Deep Learning  2024-2025

▪

Positional Encoding
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Transformers:
a network architecture
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Multiple Attention Heads
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Encoder Layer



Attention and Transformers [35]Deep Learning  2024-2025

Encoder Layer
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Decoder Layer
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Decoder Layer
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Encoder
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Decoder
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this is the first book i've ever done.

Translator (Encoder-Decoder) 

este é o primeiro livro que eu fiz. this is the first book i've ever done

Feedback
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this is the first book i've ever done.

Translator (Encoder-Decoder) 

este é o primeiro livro que eu fiz. this is the first book i've ever done
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Attention Maps
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Attention in Blocks



Attention and Transformers [44]Deep Learning  2024-2025

Chat (Decoder-only) 
A robot may not injure a human being

Please recite the first law of robotics

EOS A robot may not injure a human
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LLMs: learning in three steps

Large Language Model

Self-Supervised Learning

Supervised Learning

Reinforcement Learning

“A flash-flood watch
will be in effect all [MASK] ”

weight

night

hour

…

giraffe

“Who are the key people 
mentioned in the text?”

Abraham Lincoln
Thomas Jefferson

“Explain Reinforcement 
Learning to a 12 years old”

In reinforcement learning there 
is an agent that ..

A reward function is defined 
and applied to agent’s action …

A particular form of machine 
‘learning by doing’ …

We teach an agent by observing 
its behavior and rewarding …
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LLMs: most used text corpora for training
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ChatGPT 4o: So clever even when hallucinates..



Attention and Transformers [48]Deep Learning  2024-2025

Links

https://d4mucfpksywv.cloudfront.net/better-language-models/language_models_are_unsupervised_multitask_learners.pdf
https://arxiv.org/pdf/1904.02679
https://arxiv.org/pdf/2203.02155
https://medium.com/@row3no6/why-chatgpt-uses-decoder-only-eaf0223143e6
https://cameronrwolfe.substack.com/p/decoder-only-transformers-the-workhorse

	Slide 1
	Slide 2: Attention is what we need? (intuition)
	Slide 3: Generating Text Captions from Images
	Slide 4: Generating Text Captions from Images
	Slide 5: Generating Text Captions from Images
	Slide 6: Generating Text Captions from Images
	Slide 7: Natural Language Requires Attention
	Slide 8: Attention and Convolution
	Slide 9: Attention as a Kernel (another perspective over convolution)
	Slide 10: Attention as Kernel
	Slide 11: Attention as Kernel
	Slide 12: Attention as Kernel
	Slide 13: Attention as Kernel
	Slide 14: Attention as Kernel
	Slide 15: Attention as Kernel
	Slide 16: Attention as Kernel
	Slide 17: Attention: Queries, Key and Values
	Slide 18: Is Attention a Kernel?
	Slide 19: Attention Pooling: Queries, Keys and Values
	Slide 20: Attention: Queries, Keys and Values
	Slide 21: Attention Scoring Function
	Slide 22: Attention Scoring Function
	Slide 23: Attention Map
	Slide 24: Scaled Dot-Product Attention
	Slide 25: Scaled Dot-Product Self-Attention
	Slide 26: Scaled Dot-Product Cross-Attention
	Slide 27: Attention vs Convolution vs RNN
	Slide 28: Positional Encoding
	Slide 29: Positional Encoding
	Slide 30: Positional Encoding
	Slide 31: Positional Encoding
	Slide 32: Transformers: a network architecture
	Slide 33: Multiple Attention Heads
	Slide 34: Encoder Layer
	Slide 35: Encoder Layer
	Slide 36: Decoder Layer
	Slide 37: Decoder Layer
	Slide 38: Encoder
	Slide 39: Decoder
	Slide 40: Translator (Encoder-Decoder) 
	Slide 41: Translator (Encoder-Decoder) 
	Slide 42: Attention Maps
	Slide 43: Attention in Blocks
	Slide 44: Chat (Decoder-only) 
	Slide 45: LLMs: learning in three steps
	Slide 46: LLMs: most used text corpora for training
	Slide 47: ChatGPT 4o: So clever even when hallucinates..
	Slide 48: Links

