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Transformer, LLM, NLP and Agentic AI
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NLP, LLM and Transformer

• NLP is the broader field focused on enabling computers to 
understand, interpret, and generate human language.

• LLMs are a powerful subset of NLP models characterized by their 
massive size, extensive training data, and ability to perform a wide 
range of language tasks with minimal task-specific training.

• Transformer is the foundational neural network architecture for 
LLM to scale up massively to understand and generate language.
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Transformer Development
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GPT: Generative Pretrained Transformer
BERT: Bidirectional Encoder Representations from Transformers



Transformer Is Trained as Language Model

• Why not in the Image Domain? 
• 2012-2018 Deep Learning in Computer Vision is a very popular.
• Why GPT in 2018 was trained on text?

• Hint:
• Text data is easier to get from the Internet.
• Sequence data, such as language, can be self-supervised.
• Self-supervised learning is a type of training in which the objective is 

automatically computed from the inputs. No human labeling efforts!

We will talk more about language modeling in Lecture 03.
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Transformer
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https://arxiv.org/pdf/1706.03762



Some Questions about Transformer

• Why does the Transformer scale the attention score before softmax?
• Why using mask attention?
• Why does the Transformer use positional encoding?
• Why using residual connections in Transformer?
• Why do we use LayerNorm?
• What is Q, K and V? What is their dimension? 
• What are the differences between Transformer Encoder and Decoder?
• What are the aspects of Transformer parallelization?
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Attention: Learn the important of different 
input components

• Transformer is solely based on attention mechanisms, 
discarding the recurrence and convolutions entirely.

• Dot-product attention is another name for weight: weigh the 
importance of different input components.
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Cross Attention Layer (1)

Output = AttentionFunction(X, Q, Wk, Wv)

1/15/2026 Introduction to Agentic AI 9



Cross Attention Layer (2)
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Note the square root of the dimension of the key vectors.



Cross Attention Layer (3)
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Cross Attention Layer (4)
• Why does the Transformer scale the attention score?

• Stabilize the gradients and improve training performance
• The dot products of the query and key vectors could result in large 

values, leading to very small gradients after applying softmax.
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A Top-Down Approach Learning Example (1)
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A Top-Down Approach Learning Example (2)
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Cross Attention (5)
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Cross Attention (6)

Output = AttentionFunction(X, Q, Wk, Wv)
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Each query produces 
one output, which is a 
mix of information in the 
data vectors.



Self-Attention (1)
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N: is the length of the input (e.g., the number of tokens)
D_{in}: is the dimension of the feature (e.g., the dimension of the token embedding)

Output = AttentionFunction(X, WQ, Wk, Wv)



Self-Attention (2)
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Self-Attention (3)
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Self-Attention (4)
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Self-Attention is permutation equivariant!



Self-Attention (5)

• Self-Attention is permutation 
equivariant!

• Problem: Self-Attention does not 
know the order of the sequence

• Solution: Add positional encoding 
to each input; this is a vector that 
is a fixed function of the index
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Positional Encoding
• Positional encoding is to inject information about the relative or 

absolute position of the tokens in the sequence.

• The final input embeddings are the sum or concatenation of the 
learnable embedding and the positional encoding. 
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Suggested reading: Convolutional sequence to sequence learning https://arxiv.org/abs/1705.03122

pos is the position and i is the 
i-th dimension of d_model 
(in token embedding)

Example:



Masked Self-Attention Layer

• Override similarities with -inf; 

• Mask controls which inputs each 
vector is allowed to look at: only 
previous information, not the 
future information.

• Used for language modeling where 
you want to predict the next word.
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Multiheaded Self-Attention (1)
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H = 3 independent 
self-attention layers 
(called heads), each 
with their own weights



Multiheaded Self-Attention (2)
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• Output projection fuses data from 
each head

• Stack up the H independent 
outputs for each input X

• H = 3 independent self-attention 
layers (called heads), each with 
their own weights



Multiheaded Self-Attention (3)
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Self-Attention is Four Matrix Multiplies!
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In practice, compute all H heads in parallel 
using batched matrix multiply operations!



Algorithmic complexity of Self-Attention

• Time Complexity?
• O(N^2)

• Memory Complexity?
• O(N^2)
• O(N) with Flash Attention
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GPU high bandwidth memory (HBM) and GPU on-chip SRAM
https://arxiv.org/pdf/2205.14135 (Not required but suggested reading!)

https://arxiv.org/pdf/2205.14135


Peek the Code

1/15/2026 Introduction to Agentic AI 29

https://github.com/karpathy/nanoGPT/blob/master/model.py



Peek the Code
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Peek the Code
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The Transformer (1)
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• Transformer Block
• Input: Set of vectors X



The Transformer Block (2)
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• Transformer Block
• Input: Set of vectors X

TikTok Interview Question:

Can we replace FFN to Self-Attention?

Check the paper: Attention is NOT all 
you need: pure attention loses rank…
https://proceedings.mlr.press/v139/do
ng21a/dong21a.pdf



The Transformer Block (3)

• Transformer Block
• Input: Set of vectors X
• Output: Set of vectors Y

• Self-Attention is the only 
interaction between vectors 

• LayerNorm and MLP work on 
each vector independently
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The Transformer (4)

• A Transformer is just a stack of identical 
Transformer blocks!

• They have not changed much since 2017… but 
have gotten a lot bigger!

• Original:12 blocks, D=1024, H=16, N=512 
213M params

• GPT-3: 96 blocks, D=12288, H=96, N=2048 
175B params
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The Transformer encoder block
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The Transformer decoder block
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Thinking these questions!

• Why does the Transformer scale the attention score before softmax?
• Why using mask attention?
• Why does the Transformer use positional encoding?
• Why using residual connections in Transformer?
• Why do we use LayerNorm?
• What is Q, K and V? What is their dimension? 
• What are the differences between Transformer Encoder and Decoder?
• What are the aspects of Transformer parallelization?
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References

• https://cs231n.stanford.edu/slides/2025/lecture_8.pdf
• https://huggingface.co/learn/llm-course/chapter1/4 
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