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Outline

* Review of Al progress
« Challenges on the road of Al

* Promising directions

https://nishu-jain.medium.com/are-lims-hitting-a-plateau-c8e185d0992e
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GenAl Under the Hood
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Al Progress

° Compute expanc“ng at 4X per year Training compute of notable models Z EPOCHAI
Training compute (FLOP)
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o Mobile adoption (2x/year) R

o Solar energy capacity (1.5x/year) |

o Human genome sequencing (3.3x/year)

o Moore's Law (1.3x/year)
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-~ 3008 tokens (GPT-3)
7808 tokens (PaLM)

-~ 1.4T tokens (Chinchilla)

—— 10x Chinchilla

— 100x Chinchilla

—— 1000x Chinchilla

Al Progress \

- Al Performance is predictable g 10000« Chinchil
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Monetization of Al

@ NVIDIA Corporation (NVDA) - Data Center Revenue

* Nvidia:
o ~100B annual revenue projected for
Nvidia from data center
* OpenAl: :
o $1B revenue in Aug 2023 s II
o $2B revenue in Feb 2024 -------. I "
o doubling every ~6 months rmmmmmm————— ot I Finchat

« Microsoft:

o ~$5B estimation of incremental Al revenue MK
Xbd
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Models are Reaching a "celling" ?

0000,
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"...Ilya Sutskever, co-founder of Al labs Safe Superintelligence (S51) and OpenAl, told Reuters
recently that results from scaling up pre-training - the phase of training an Al model that uses a
vast amount of unlabeled data to understand language patterns and structures have

plateaued.”" Nov 11, 2024

Top-performing open and closed AI models on MMLU benchmark

Z EPOCH Al
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Challenges

 Data Wall

« Scaling Training Runs
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Will We Run Out of Data ?

Projections of the stock of public text and data usage Z EPOCHAI

Effective stock (number of tokens)
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0™ _..............-.------::::::::::;;;;;;;;;:::::::::::::::::II3311333133:::”’” """"""""""""
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__________________ Falcon-180B Median date of full
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GPT-3 .~ Median date with 5x
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Year
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Will we run out of data ?

 Data from other modalities
« Enterprise data

« Synthetic data
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Estimates of different stocks of data Z EPOCHAI

Effective stock (number of tokens)
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Synthetic Data Could Lead to Degenerative Al

Model-generated data

N

Real data

»>|Model 0 | >, Da a' ;| Model 1 [—> ... — Data’ ; %| Model n
Fit Sample Data’ =~ Data' ~ ... ~ Data”
. .

Timeline 0 ... n

Shumailov, llia, et al. "Al models collapse when trained on
recursively generated data." Nature 631.8022 (2024): 755-759.

Gibney, Elizabeth. "Al models fed Al-generated data quickly spew
nonsense." Nature 632.8023 (2024): 18-19.
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Scaling Training Runs

Year OOMs H1o0s- Cost Power Power reference class
equivalent
2022 ~GPT-4 ~10k ~$500M ~10 MW ~10,000 average homes
cluster

~2024 +1 OOM ~100k $billions ~100MW ~100,000 homes

~2026 +2 OOMs ~1M $10s of bil- ~1 GW The Hoover Dam, or a
lions large nuclear reactor

~2028 +3 OOMs ~10M $100s of ~10 GW A small/medium US
billions state

~2030 +4 OOMs ~100M $1T+ ~100GW >20% of US electricity

production

https://situational-awareness.ai/
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https://epoch.ai/blog/can-ai-scaling-continue-through-2030

Training compute (FLOP)
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Scaling Training Runs

Constraints to scaling training runs by 2030
Training compute (FLOP)
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Chip production capacity

Data scarcity

Latency wall
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EPOCH Al
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Al Capabillities Can be Improved Without

Expensive Retraining

Compute

< »

inference-time
Al Capability

Data Pre-training/Post-training _
Unleashing
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Al Capability Unleashing
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@ Base model ® Enhanced model Scaled model
0.7 o---———-- Equivalent performance s=======
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Training compute (FLOP)

Compute Equivalent Gain

https://epoch.ai/blog/ai-capabilities-can-be-significantly-improved-without-expensive-retraining
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Al Capability Unleashing
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Scaffolding Data
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pass@1 accuracy

Al Capability Unleashing

o1 AIME accuracy o1 AIME accuracy

during training at test time
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Competition Math
(AIME 2024)
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https://openai.com/index/learning-to-reason-with-llms/
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Competition Code
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https://openai.com/index/learning-to-reason-with-llms/

Conclusion

* Current Al Progress is dependent on scaling of data and compute
* Signs of saturation in pretraining performance
* New algorithmic techniques in inference time leading to significant

Improvement
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