
Week-6: 

Transformer Operation
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Transformer and Its Applications



Autoregressive Language Model



Autoregressive Language Model
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Transformer: The Building Block
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Multi-head Attention Block
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Multi-head Attention Block



FlashAttention: Fast and Memory-Efficient Exact Attention 
with IO-Awareness



FlashAttention: Fast and Memory-Efficient Exact Attention with IO-
Awareness



Standard Attention Computation



Standard Attention Computation

• Standard Softmax

• Block/tiled Softmax



FlashAttention: Fast and Memory-Efficient Exact Attention with IO-
Awareness
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Diffusion Model for Image Generation 

•Architecture of Stable Diffusion Model.

“A tree with green leaves”

#steps

U-net

Cross-attention layer.

Skip Connection

Encoder Decoder

Note that Conv are omitted in Unit for simplicity.

Latent feature map



Diffusion Transformer (DiT)



Transformer Implementation

https://medium.com/data-science/build-your-own-transformer-from-
scratch-using-pytorch-84c850470dcb

1. Data Preparation:

• Tokenization: Convert raw text into 

numerical tokens (e.g., using Byte-Pair 

Encoding or WordPiece).

• Embedding: Map tokens to dense vector 

representations, capturing semantic 

meaning.

• Positional Encoding: Add positional 

information to the embeddings, as 

Transformers do not inherently process 

sequences in order. This can be done 

using sine and cosine functions.



Transformer Implementation

• Multi-Head Attention: Maps relationships 

between tokens using Q, K, and V matrices 

across parallel "heads.”

• Feed-Forward Network: Applies independent 

transformations to each position via a two-layer 

network.

• Add & Norm: Uses residual connections and 

layer normalization to stabilize training.

• Layer Stacking: Repeats this entire process 

multiple times to deepen feature extraction.

•Multi-Head Attention: Maps relationships between tokens using Q, K, and V matrices across parallel "heads."

•Feed-Forward Network: Applies independent transformations to each position via a two-layer network.

•Add & Norm: Uses residual connections and layer normalization to stabilize training.

•Layer Stacking: Repeats this entire process multiple times to deepen feature extraction.



Transformer Implementation
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