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Transformer Architecture

we have a few things 
left:

● masked/causal 
self- attention

● position encoding
● residual 

connection
● layer 

normalization
● FFN

● We’ll cover them 
later…

Source: https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html 

https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html


Self vs cross vs masked 
attention 

Source: 
https://lena-voita.github.io/nlp_course/seq2seq_and_
attention.html
 

https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html
https://lena-voita.github.io/nlp_course/seq2seq_and_attention.html


Residual Connection

https://arxiv.org/abs/1512.03385 

https://arxiv.org/abs/1512.03385


Layer Norm

Layer normalization helps models train 
faster.

Layer norm vs batch normalization?
Source: 
https://arxiv.org/pdf/2409.12951v1 

https://arxiv.org/pdf/2409.12951v1


Feed Forward Network

why need that? hint: non-linearity, need 
processing
Attention: lets one token gather information from other tokens.
FFN: processes and transforms the information inside each token.

 

Source: 
https://afit-r.github.io/feedforwar
d_DNN
 

https://afit-r.github.io/feedforward_DNN
https://afit-r.github.io/feedforward_DNN


Position Encoding

Why not learn position embedding from 
training data?

From transformer original paper:

- Dependent on training set

Source:  https://erdem.pl/2021/05/understanding-positional-encoding-in-transformers 

https://erdem.pl/2021/05/understanding-positional-encoding-in-transformers


Example walkthrough

Checkout this visualization! https://poloclub.github.io/transformer-explainer/ 
(another one that visualize nanoGPT: https://bbycroft.net/llm  )

Please study transformers after class.
● Another visualization youtube: 

https://www.youtube.com/watch?v=wjZofJX0v4M 

why transformer becomes a mainstream model architecture?
○ Easier to capture long-range dependencies
○ Easier to parallelize

https://poloclub.github.io/transformer-explainer/
https://bbycroft.net/llm
https://www.youtube.com/watch?v=wjZofJX0v4M


LLM Gallery

Compare LLM architecture.
https://sebastianraschka.com/llm-archite
cture-gallery/#architecture-gallery
 

https://sebastianraschka.com/llm-architecture-gallery/#architecture-gallery
https://sebastianraschka.com/llm-architecture-gallery/#architecture-gallery


Transformer 
summary
Source: unknown



Greedy decoding vs beam 
search

Source: 
https://d2l.ai/chapter_recurrent-modern/beam-search.html 

https://d2l.ai/chapter_recurrent-modern/beam-search.html


Guided decoding 

Source: https://blog.squeezebits.com/guided-decoding-performance-vllm-sglang 

https://blog.squeezebits.com/guided-decoding-performance-vllm-sglang


Guided Decoding in Code 
Generation
LM decoding+static analysis monitor:
Integrated development environments (IDEs) assist developers in understanding 
repository context using static analysis. We extend this assistance, enjoyed by 
developers, to LMs. We propose monitor-guided decoding (MGD) where a monitor uses 
static analysis to guide the decoding.  

https://proceedings.neurips.cc/paper_files/paper/2023/file/662b1774ba
8845fc1fa3d1fc0177ceeb-Paper-Conference.pdf
 

https://proceedings.neurips.cc/paper_files/paper/2023/file/662b1774ba8845fc1fa3d1fc0177ceeb-Paper-Conference.pdf
https://proceedings.neurips.cc/paper_files/paper/2023/file/662b1774ba8845fc1fa3d1fc0177ceeb-Paper-Conference.pdf


Guided decoding in Code 
Generation
Type-Constrained Code Generation with Language Models , PLDI, 2025  
https://arxiv.org/pdf/2504.09246 

LM decoding+type system 

https://arxiv.org/pdf/2504.09246


Prompt Engineering

In-context learning
● zero shot
● few shots
● Pros and cons?

Chain of thoughts 
Self consistency
Tree of thought

https://python.plainenglish.io/chain-of-thought-vs-tree-of-thought-vs-
self-consistency-prompting-method-performance-77881fa0a02e
 

https://python.plainenglish.io/chain-of-thought-vs-tree-of-thought-vs-self-consistency-prompting-method-performance-77881fa0a02e
https://python.plainenglish.io/chain-of-thought-vs-tree-of-thought-vs-self-consistency-prompting-method-performance-77881fa0a02e


Chain of Thought

Pros and Cons?

https://research.google/blog/language-models-perform-reasoning-via-chain-of
-thought/
 

https://research.google/blog/language-models-perform-reasoning-via-chain-of-thought/
https://research.google/blog/language-models-perform-reasoning-via-chain-of-thought/


What if prompt is unclear? 

https://jie-jw-wu.github.io/blog/does-ai-ask.html 

https://jie-jw-wu.github.io/blog/does-ai-ask.html


Does self-consistency mean 
prompt is well-specified?

Underspecification does not imply Incoherence: The Risks of Semantic Collapse in Coding Models, 
Arxiv https://arxiv.org/pdf/2607.01953 

https://arxiv.org/pdf/2607.01953


KV Cache

https://www.dailydoseofds.com/p/kv-caching-in-llms-explained-visually/ 

https://www.dailydoseofds.com/p/kv-caching-in-llms-explained-visually/


BERT

Idea. Keep only encoders + leverage encoded embeddings to make predictions.

Source: https://arxiv.org/pdf/1810.04805 

https://arxiv.org/pdf/1810.04805


Golden rules in Agentic Coding

Agentic coding guidelines
https://darrencoxon.substack.com/p/the-golden-rules-of-full-stack-vibe 
https://dev.to/jackmarchant/agentic-coding-habits-to-accelerate-your-engineering
-workflow-4p3g
 

https://darrencoxon.substack.com/p/the-golden-rules-of-full-stack-vibe
https://dev.to/jackmarchant/agentic-coding-habits-to-accelerate-your-engineering-workflow-4p3g
https://dev.to/jackmarchant/agentic-coding-habits-to-accelerate-your-engineering-workflow-4p3g


Practise Session

Run mini-swe-agent on swe-bench
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