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Syllabus

● Overview
● Proprietary and Hosted Models
● Local Model Deployment

○ Floating Point Format and Quantization
○ Page Attention and vLLM
○ Flash Attention

● Nvidia and its GPUs
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The LLM Deployment Landscape
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Proprietary Model Pricing
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1 million token pricing

OpenAI gpt-4o-mini gpt-4o

$0.15/0.60 $5/$15

Google Gemini 1.5 Flash Gemini 1.5 Pro

$0.15/$0.60 $3.5-7.0/$10.50-$21

Anthropic Claude 3 Haiku Claude 3 Sonnet Claude 3 Opus*

$0.25/$1.25 $3/$15 $15/$75

Mistral.ai Mistral Nemo Mistral Large

$0.3/$3 $3/$9



Detour: The Claude Family of Models
Claude 3 released on Mar 4, 2024
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Detour: Claude Family of Models
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Claude 3.5 released on



Detoure: Llama 3.1 vs Claude 3.5
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Detour: Anthropic

● US-based public-benefit company
● Founded in 2021 by former members of OpenAI
● $4 billion investment from Amazon and $2 billion from Google
● Timeline

○ 2019 – OpenAI transition from non-profit to for-profit
○ 2020 – OpenAI announced GPT-3
○ 2020-2021 – 11 employees left OpenAI to found Anthropic
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Detour: Mistral AI

● French company
● Founded in April 2023 by former Meta and Google employees
● API only models
● Open-weights Models
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LLM as Service
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Proprietary Models

source

https://leaderboard.withmartian.com/


How Much is 1 Million Tokens
API usually costs $0.1-10/million tokens

1 English Word ~ 1.5 tokens
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Reference Average Length 1M Token Equivalence

English Novels 70K - 100K words 6-8 full-length novels

Research Paper 5000-10000 words ~ 100 research papers

Wikipedia Pages ~600 words ~1000 articles

Chat Messages 20-30 words 2K - 3K messages



Open-Weights Model Deployment
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Target Inference Hardware Configuration
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● 8B model – Consumer & Hobbyist
○ iPhone & PC
○ High-end gaming GPU (8-12G)
○ Low-end data center GPU (16-24G)

● 70B model – Professionals
○ 40GB-80GB GPUs (A100)

● 405B model – Big Teams
○ Workstation w/ 3 x A100(80GB)



Estimated Cost of Hosting Llama 70B
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Provider Instance Type GPU Memory Cost/Hour Throughput 1M Token Cost

AWS G5.12xlarge
4x A10g

96G $5.672 ~50/s ~$30

G5.48xlarge
8x A10g

192G $16.288 ~100/s ~$45

AWS Bedrock
API Service

?? ?? $13-$21 ?? ??

Google
Vertex AI

G2-standard-96 $4.6 ~50/s ~$25

AWS instance rental cost is about buying the hardware every quarter.



Tech Details
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Bits and Bytes

● 70B = 70 Billion Parameters
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1 8 Billion 70 Billion 405 Billion

32-bit floating point 4 bytes 32GB 280GB 1620GB

16-bit floating point
(fp16/float16, bf16/bfloat16)

2 bytes 16GB 140GB 810GB

8-bit quantization 1 byte 8GB 70GB 405GB

4-bit quantization ½ byte 4GB 35GB 203GB



Model Deployment Optimizations

● Quantization
● Page-Attention
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Floating Point Numbers
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Scientific Notation

https://www.h-schmidt.net/FloatConverter/IEEE754.html

Conversion to Binary

No need to store leading 1



IEEE 754 and bfloat16
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Take-away: bfloat16 has
- Same range as float32 (8-bit exponent)
- Less precision

Bfloat16 was introduced by Google brain.



FP8

● Jointly developed by Nvidia, Arm and Intel
● Less frequently used
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Quantization

22https://mlabonne.github.io/blog/posts/Introduction_to_Weight_Quantization.html

absmax  quantization

zero-point quantization



Less than 8-bit Quantization

● Popularized by llama.cpp
● Qn_0  n-bit legacy GPTQ
● Qn_K  K-quantization

○ As fast or faster than legacy
● Qn_I    a new SOTA method
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GPTQ: Layerwise Quantization

● -
● Optimize W layer-by-layer, w.r.t. a small set of samples (X)

24Frantar, et al. GPTQ: Accurate Post-Training Quantization for Generative Pre-trained Transformers, 2022

https://arxiv.org/abs/2210.17323


Llama.CPP - Pure C++ Llama Inference Engine

● Started as one-person project
● Enabled LLM inference on CPU
● Aggressive quantization for memory efficiency
● Supports grammar-constrained generation
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Nvidia and It’s GPUs
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History of NVidia
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● 1993: Founded by
○ Jensen Huang from LSI and AMD
○ Chris Malachowsky from Sun
○ Curtis Priem from IBM and Sun

● Founding vision: accelerated computing will be the future (of 
video gaming)

● 1995: release of 1st product – NV1
○ In late 1990s, 70 startup companies worked on graphics cards, two 

survived: Nvidia and ATI (merged into AMD)
● 2007: release of CUDA



Nvidia Microarchitectures
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CUDA

CNN breakthrough

Tensor Cores

NVDA Stock Price (normalized)

bfloat16



CUDA Compute Capabilities
● Features supported by GPU hardware
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……

Full Table

https://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html#compute-capabilities


Significance of Bfloat16
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INT8 is not suitable for training.

Source

https://www.nvidia.com/content/dam/en-zz/Solutions/Data-Center/a100/pdf/nvidia-a100-datasheet-us-nvidia-1758950-r4-web.pdf


History of Computation in FLOPS
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RTX 4080, ~50 TFLOPS (FP16) @ $1500

1T FLOPS

A100, ~300 TFLOPS (FP16) @ $10,000

H100, ~2000 TFLOPS, or 2 PFLOPS (FP16) @ $40,000

https://top500.org/

~1000 PFLOPS

~1000 PFLOPS

~500 PFLOPS



Shopping Guide of Nvidia GPUs
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Ampere RTX 30 Series (e.g. 
3080)

6-24 GB 4-40 TFLOPS $200 ~ $1500

Ada Lovelace RTX 40 Series (e.g. 
4080)

8-24 GB 10-80 TFLOPS $200 ~ $1500

Ampere RTX Ax000 Series 6-48 GB 8-40 TFLOPS $400 - $4000

Ada Lovelace RTX x000
Ada Generation

16-48 GB 12-90 TFLOPS $500 - $8000

Consumer, RTX 4090, etc. * Mobile/laptop version w/ ~70% TFLOPS

Workstations

Data Center

Ampere A?? 16-80 GB 20 - 300 TFLOPS $10,000s

Hopper H100 80 GB 700 - 1000 TFLOPS $10,000s

Ada Lovelace L4, L40 24 - 48 GB 100-350 TFLOPS



Shopping Guide of Nvidia GPUs
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$1500

$5,000

$800

$10,000 $20,000



Whole System Quotes – Feb, 2023
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Whole System Quotes – Feb, 2023
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GPU Power Consumption
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1 x A100 250W - 400W

1 x H100 350W - 700W  – SPEC

1 DGX H100 system (8 x H100) 10 kW max

Average kWH rate  $0.1643
Monthly bill @ 50% load:          ~$600

Average US household Usage 1.2 kW, or 10791 kWH/year

1 GPU is approaching 1 US household

https://www.nvidia.com/en-us/data-center/h100/

