
 
 

Yaroslav 
 
Software is slow to adapt to changes of hardware  Sutro meeting #11 (energy) Agenda
 
 
(dSuboptimization) 
Cul-de-sacs (designed for horses) 

 
 
 
Lightwater reactors (designed for submarines) 

https://docs.google.com/document/d/1K2lYNbyEIcdFqeXlsP5qbS31WbWefi02SWR0Y9OP3QI/edit?tab=t.0#heading=h.9fmnsrv2kb3z
https://gemini.google.com/app/c6f7f6629110b943


 
 
 
​  
Python GIL (designed for single-core) 

 
 
 
Recurrent laryngeal nerve chat 

- Embryonic morphogenesis program. 
- vs "the body geometry"  

https://chatgpt.com/c/6a012ed4-fee4-83e8-9f6c-b3a789d71e46




 
 
Hardware has changed. 
 
1. the end of Dennard scaling 

one fast core ==> many slow cores 
2. expensive arithmetic => expensive memory 
 

 
 
​ memory wall chat 
 

Design decisions 
 
- Gradient descent 
​ Black box optimizers 

then: no market fit => shifting demands 
now: next character prediction is worth a lot 

- Layers 
​ Sequential 

then: single core 
now: 132 SMs of Hopper can can run different instructions  

- Backprop 
​ Low compute/commute ratio: 

then: fine because no memory wall 
now: memory wall 

​ literally have to drop and recompute same quantities over and over (checkpointing) 
- Synchronous training 

then: small number of devices 
now: many devices, things fail  

​  
 
Past: Low-level => high-level (Dennard scaling) 
Present: high-level primitives unclear 
 

https://chatgpt.com/g/g-p-6978c701eeac8191924e64b518e692ec-sutro-group/c/6a0233d6-9358-83e8-9780-d767aa456405
https://github.com/cybertronai/gradient-checkpointing


1. We're going lower level chat 
 
​ - Matlab (pre 2012) 

- PyTorch/TENSORFLOW 
​ - CUDA 
​ - PTX? 
 
​ Compiler designers are trying to keep development abstracted, mixed success. 

https://www.modular.com/blog/democratizing-compute-part-1-deepseeks-impact-on-ai 
 
DeepSeek used raw PTX + infiniband primitives 
DSL proliferation 
 

 
 
 
 

Changing blocks of the algorithm, but usually not changing the algorithm. 
But algorithm design can't be decoupled from hardware 

Exception mini-Batching 
SGD => mini-batch SGD This is an example of adjusting the algorithm to fit the hardware. chat 
​ - main not have been intentional 
https://www.sciencedirect.com/science/article/abs/pii/S0893608003001382 
2003 paper -- minibatching is always worse 

https://chatgpt.com/g/g-p-6978c701eeac8191924e64b518e692ec/c/6a013197-9078-83e8-9b17-0fe7fc7c1752
https://www.modular.com/blog/democratizing-compute-part-1-deepseeks-impact-on-ai
https://chatgpt.com/g/g-p-6978c701eeac8191924e64b518e692ec/c/6a013197-9078-83e8-9b17-0fe7fc7c1752
https://chatgpt.com/c/6a013a9a-8138-83e8-8b30-f598283a553d
https://www.sciencedirect.com/science/article/abs/pii/S0893608003001382


 
2006 -- "A Fast Learning Algorithm for Deep Belief Nets" 
https://www.cs.toronto.edu/~fritz/absps/ncfast.pdf 

 
 
Main cost today is moving bits around. 

Batching saves on data movement. 
 
Jeff Dean -- It may cost a thousand picajoules to get parameters from one side of the chip to 
another,  

Once you brought it over, you might as well use it several times. 
https://www.latent.space/p/jeffdean 
 

 

Goal 
Go beyond "energy-efficient kernel" to energy-efficient algorithms 
 
Approach: series of challenges that focus on reduced Joules 

 Yaroslav's sutro planning sprint #1
 
 

Competitions 
 
Theory track: 
idealized Joules 

Joules mostly come from communication, reduce mm's of communication 

https://docs.google.com/document/d/1oSTIM0h1-THnb3fZ6Cz5o86DQx6n44si1q4BkP2lfSA/edit?tab=t.0
https://www.cs.toronto.edu/~fritz/absps/ncfast.pdf
https://www.latent.space/p/jeffdean
https://github.com/cybertronai/simplified-dally-model


 
 
​ ​ - Bill Dally Model 
 

- Matmul challenge 
- Sparse parity challenge 
- (wip: subset of https://github.com/cybertronai/hinton-problems/) 
- (wip: subset of https://github.com/cybertronai/schmidhuber-problems) 
 
- tools 
​ - standalone researcher SutroAna 
​ - Telegram+docs-integrated researcher SutroYaro 
 

 
Applied track -- actual Joules on GPUs 
​ - wikitext 
 
 

https://github.com/cybertronai/simplified-dally-model/tree/main
http://matmul
https://github.com/cybertronai/sutro-problems/tree/main/sparse-parity
https://github.com/cybertronai/hinton-problems/
https://github.com/cybertronai/schmidhuber-problems
https://github.com/cybertronai/SutroAna
https://github.com/cybertronai/SutroYaro
https://github.com/cybertronai/sutro-problems/tree/wikitext-build/wip-wikitext
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