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This talk is a historical perspective

• On modern Transformers

developments, check article:

• https://www.gleech.org/tplus
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Attention is All You Need!

• Almost there ... but, before that

Neural Machine Translation by Jointly Learning to Align and Translate

Dzmitry Bahdanau, Kyunghyun Cho, Yoshua Bengio

ICLR 2015 Oral

https://arxiv.org/abs/1409.0473
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Sequence-to-Sequence Models
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Recurrent Neural Networks

ℎ𝑡 = 𝑓 ℎ𝑡−1, 𝑥𝑡
• Why recurrent?

• Different variants of function 𝑓 (GRU, LSTM, etc.)

• Long Short-Term Memory Units

• Gated Recurrent Units
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Examples of Sequence-to-Sequence tasks?

• Image Captioning
• (strictly: image input to sequence)

• Sentiment Classification
• (strictly: sequence to single output)

• Machine Translation
• yes! sequence to sequence

6



Very nice material that we will follow!

• https://lena-
voita.github.io/nlp_course/seq2seq_and_attention.html#main_conte
nt
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Formulating machine translation
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Encoder Decoder
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Conditional Language Models
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Encoder Decoder explained
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Using a decoder hidden representation
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Seq2Seq RNNs
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Fixed encoder representations are an issue
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Attention
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How to compute attention?
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Decoding word 1
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Decoding word 2
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Decoding word 3
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Decoding word N
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Computing Attention
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Softmax temperature

𝑝𝑖 =
𝑒𝑧𝑖/𝑇

σ𝑗 𝑒
𝑧𝑗/𝑇

• T == 1: normal softmax

• T >> 1: p closer to uniform distribution (flat)

• T << 1: p closer to one-hot distribution (peaky)
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Attention Learns Alignment!
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Questions?
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Image Captioning
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Old ideas from 2015



26



Architecture Details
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Show and Tell → Show, Attend, and Tell
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Understanding when things go wrong
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Questions?
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Transformer Architecture
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RNNs → Transformers
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Attention is All You Need!

• Almost there ... but, before that
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What is “it”?
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Information Flow

35
https://blog.research.google/2017/08/transformer-novel-neural-network.html



Auto-regressive decoding, Seq2Seq
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Encoder Self-attention
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Self-Attention



Attention computation
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Masked self-attention
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Cross-attention
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Multi-head attention
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Overall architecture
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Blocks
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Permutations

• (encoder)

• Shuffling order of input tokens shuffles representations!

• Attention is permutation “invariant” to order
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Position encoding / embedding
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Practical Transformers: Sequence length

• Batch

• Padding

• Masking
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Questions?

49



Vision Transformers
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Vision Transformers

• Pixels as a sequence?

• Problem?

• So, what can we do?
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UNITER
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https://arxiv.org/abs/2010.11929 
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ViT: 16x16 patches is “all you need”!
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Position encoding?

• 1d?

• 2d?

• none?
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Torch hub!
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Dino, some beautiful properties!
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Dino, some beautiful properties!
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ViT sizes
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Questions?
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Summary
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Transformers

• Attention based models

• Versatile: encoder-only, decoder-only, encoder-decoder

• Scale amazingly with data and model size
• (all LLMs around us are Transformers!)

• To use: think in terms of tokens and their relationships
• applicable across language, vision, 3D point clouds, … [everything!]
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Thank you!
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