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Road to Understanding Llama3
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Understanding Projection

● Objects represented as vectors
● Coordinates extracted with projection
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Inner Product and Geometry in High Dimensional Spaces
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Coordinate Extraction using Inner Product
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<(3,5), (1,0)> = 3*1 + 5 * 0 = 3
<(3,5), (0,1)> = 3*0 + 5 * 1 = 5



Projection is a Form of Measurement

θ

Measuring the length of X along the 
direction of W

n measurements along coordinate axis



Projection as Feature Extraction

● Feature extraction: measuring object in some way
● Using many measuring vectors [W1, W2, …, Wm]
● Measuring vectors can be trained



Linear Layer

Entities represented by embedding vectors Weights of Linear Transform



Chaining Multiple Linear Layers

● Activation functions introduce non-linearity

● Common activation functions

ReLU

SiLU



Application Information Retrieval with Vector DB
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Represent Query, Key and Value Differenty
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Prediction with Attention

softmax
w1 w2 w3 w4 w5 w6 w7 w8

w1 w2 w3 w4 w5 w6 w7 w8

Prediction of Next Token

Weighted Sum of Value Vectors



Multi-Head Attention



Grouped-Query Attention

Embedding:  4096 K, Q, V = 4096 / 32 = 128
K,V per query = 32 / 8 = 4



Multi-Head Self-Attention



Llama Module Architecture
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Decoder

● Attention
● MLP
● Residual
● RMsNorm



Denoising with MLP: Another Application of Projection
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Llama Model Overview

● Token embedding
● Multiple decoder layers
● RMSNorm



Calculation of Attention Cost

Context Size

* num_attention_heads / num_key_value_heads

* num_key_value_heads

* num layers

Cost = num_layers * num_attention_heads * D * 2 * Context Size



Attention Mechanism in One-Layer LLM
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Cost of K-V Cache
- L:  layers
- H: heads – key-value attention repeated 8 times
- D: embedding dimension
- N: # past tokens
- Total cost:  (2 * L * H * D) * N

L H D 2*L*H*D F16 cost/token Cost of
8K Context

Llama3 8B 32 8 128 64K 128K 1G

Llama3 70B 80 8 128 160K 320K 2.5G



Page Attention

● Similar to virtual memory management in operating systems
● Partition N entries in KV-cache into fixed-sized pages
● On-demand allocation/loading of needed pages

(llama3 70B, page size = 16)

Maximal 2.5GB  ⇒ variable blocks of 5M pages
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Hacking into Transformers (Code Analysis)
- Logit magic and key-value cache

● Sample Code
- Extracting Attentions

● https://github.com/aaalgo/mindflow
● https://www.aaalgo.com/demos/mindflow/

https://github.com/aaalgo/AI_training_2024/blob/main/05-transformers/solver_tree.py%20-%20Extracting%20Attentions


LLM Research Directions

Foundation of AI

Training Foundation Models

Model Efficiency

Prompt Engineering

Alignment and Security

Applications and Ecosystem

Adversarial Attack on Language Models

SOURCE

https://arxiv.org/abs/2307.15043


Survey Papers
● Zhao et al.  A Survey of Large language Models
● Sahoo et al.  Prompt Engineering Survey
● Wan et al.  Efficient Large Language Models: A Survey
● Zhou et al.  A Survey on Efficient Inference for Large Language Models
● Yao et al.  A survey on LLM Security and Privacy: The Good, The Bad and The Ugly

https://arxiv.org/abs/2303.18223
https://arxiv.org/abs/2402.07927
https://arxiv.org/abs/2312.03863
https://arxiv.org/abs/2404.14294
https://arxiv.org/abs/2312.02003


How to Start Your LLM Project

1. Identify an application domain
○ Look for problems in your own field
○ Look for public benchmarks

2. Create a benchmark if you don’t yet have one
3. Create an evaluation pipeline and a baseline solution
4. Evaluate and Improve

○ Evaluate public models
○ Evaluate different prompt engineering techniques
○ Evaluate different efficiency techniques (quantization, pruning, …)
○ Debug failed cases and invent new techniques
○ Fix benchmarks



Closing Remarks



History of Industrial Revolution

● Attempts to harness steam power since ancient Roma
● James Watt made critical improvements (1763-1775) 
● Full-scale working railway steam locomotive in UK ~ 1804
● Carnot, Reflections on the Motive Power of Fire, 1824



– Carnot, 1824



Development of Heat Engines After Carnot
● 1824 - Publication of Carnot’s Reflections
● 1833 - Samuel Brown built one of the first internal combustion engines
● 1859 - First commercially successful internal combustion engine
● 1879 - Karl Benz begin experimenting with two-stroke engines
● 1908 - Henry Ford introduces the Model T



Similar Moments in IT History

1981: IBM released 1st PC 2007: Apple released iPhone
128MB memory, or 2048 x IBM PC

640KB of memory ought to be 
enough for anybody.

– Bill Gates, 1981


