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Modern LLMs



Modern LLMs: Building Blocks

1. Architecture
a. Positional Embeddings
b. Attention
c. Feed-forward

2. Data
a. Pre-training
b. Mid-training
c. Post-training

3. Infrastructure
a. Fault-tolerant Multi-node training
b. Model-sharding
c. Efficient GPU Code for Multi-node training & inference

Focus Today!



Modern LLMs: Architecture

1. Positional Embeddings
a. Sinusoidal
b. ROPE
c. Yarn

2. Attention
a. MHA
b. MQA
c. GQA
d. MLA
e. “Linear Attention” (State-Space Models, DeltaNet, Mamba)

3. “FFN”
a. Classical FFN
b. MoE
c. Model-sharding
d. Efficient GPU Code for Multi-node training & inference

Focus Today!



Modern LLMs: How to we go from GPT-2 -> GPT-OSS

https://magazine.sebastianraschka.com/p/from-gpt-2-to-gpt-oss-analyzing-the



Attention Mechanisms



Multi-Head Attention (MHA)

“Attention is all you need” 
https://arxiv.org/pdf/1706.03762
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Multi-Head Attention (MHA)
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Multi-Head Attention (MHA)
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Computations needed to generate N2 tokens given N1 input 
tokens:
(N1+1)+(N1+2)+...+(N1+N2) = ~N^2 * Layers* *Heads*dim

Space Needed for KV-Cache:
2*N*Layers*Heads*dim



Multi-Query Attention (MQA)
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Group Query Attention (GQA)
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Multi-Head Latent Attention (MLA)
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Attention Comparison

Attention Computation Memory Expressivity

Multi-Head Attention (MHA) H x D x L x N^2 2 x H x D x L x N High

Multi-Query Attention (MQA) 1 x D x L x N^2 2 x 1 x D x L x N Low

Group-Query Attention (GQA) G x D x L x N^2 2 x G x D x L x N Medium

Multi-Head Latent Attention (MLA) (H) x d x L x N^2 2 x d x L x N Medium+



Attention Comparison

https://cyk1337.github.io/notes/2024/05/10/Memory-Efficient-Attention/



Alternative Attention Mechanisms:

1. Self-Attention:
a. “Sliding Window” Attention

2. Linear Self-Attention (State Space Models)
a. Mamba2 (Falcon-H1)
b. DeltaNet (Qwen3-Next)
c. Many more……



Linear Attention Mechanisms: Core Idea (“Kernel Trick”)

https://medium.com/data-science/linearizing-attention-204d3b86cc1e

https://arxiv.org/pdf/2006.16236



Feed Forward



Feed forward: Variants

https://arxiv.org/pdf/1706.03762

Area of interest



Feed forward: Variants

1. Vanilla Feedforward 
a. GLU
b. SwiGLU

2. Mixture of Experts (MoE)
a. Shared Experts
b. Sparse Experts
c. Skip-Connection Experts (LongCat Chat)



Feed forward: Vanilla FeedForward to GLU FeedForward

https://arxiv.org/pdf/2002.05202
https://magazine.sebastianraschka.com/p/the-big-llm-architect
ure-comparison

https://arxiv.org/pdf/2002.05202


Feed forward: Mixture of Experts

https://magazine.sebastianraschka.com/p/the-big-llm-architect
ure-comparison

Qwen3 DeepSeek V3/R1 Kimi K2 GPT-OSS



Feed forward: Beyond Mixture of Experts
“Zero-Computation Experts”

https://arxiv.org/pdf/2509.01322

Additions:
1. Zero-Computation Experts
2. Additional MLA Block



Main Architecture Summary

https://magazine.sebastianraschka.com/p/
the-big-llm-architecture-comparison

https://arxiv.org/pdf/1706.03762



Conclusion & Takeaways



Conclusions & Takeaways

1. Architectures keep evolving.

2. The key questions / challenges are:
a. Memory scaling (to use all of the available memory efficiently)
b. Computational scaling (to use compute efficiently)
c. Both for Training and Inference

3. Model Architectures are becoming quite exotic:
a. We are operating on the “Residual Stream”
b. What other operators are useful?
c. How to better scale speed and memory?



Main Architecture Trade-offs

1. Deep vs. Wide
a. I.e. Many layers vs. large embedding sizes

2. Many Small Experts vs. Few Larger Experts
a. Sparse Experts

3. Many Heads vs. Fewer Heads
4. Attention Mechanisms

a. Linear vs. Classical
5. Other Trade-offs:

a. Positional Embeddings
b. Normalisation
c. Activation Functions

6. Exotic Features:
a. New Operators on Residual Stream
b. New arrangement (beyond attention-feed_forward blocks)
c. Maximising Memory / Compute use
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