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DOE Has Been Gathering Wide Community Input 
(>1300 researchers)

aǳŎƘ ŀŎŎŜƭŜǊŀǘŜŘ ƛƴ ǘƘǊŜŜ ȅŜŀǊǎΗ
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2020 DOE Office of Science ASCR Advisory Committee report 
recommending major DOE AI4S program

Report posted here: 
https://www.anl.gov/ai-for-science-report 

https://www.anl.gov/ai-for-science-report


The 2022 workshops recognized

This trend and organized differently
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AI for Science Example Foundation Building Blocks



!Lп{9{ hǊƎŀƴƛȊŜŘ ƻƴ {ƛȄ /ƻƴŎŜǇǘǳŀƭ /ƭǳǎǘŜǊǎ
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Senate Energy and Natural Resources

Hearing on DOE and AI





²ƘƛǘŜ IƻǳǎŜ ǿŜƛƎƘǎ ƛƴ ǿƛǘƘ !L 9h



²I 9ȄŜŎǳǘƛǾŜ hǊŘŜǊ ƻƴ !L  όhŎǘƻōŜǊ олΣ нлноύ

!L ŦƻǊ {ŎƛŜƴŎŜΣ 9ƴŜǊƎȅΣ ŀƴŘ bŀǘƛƻƴŀƭ {ŜŎǳǊƛǘȅΦ /ƻƴǎƛǎǘŜƴǘ ǿƛǘƘ 5h9Ωǎ ǇǊƛƻǊƛǘƛŜǎ ƛƴ ǘƘŜ aŀȅ нлно !L ŦƻǊ 
{ŎƛŜƴŎŜΣ 9ƴŜǊƎȅΣ ŀƴŘ {ŜŎǳǊƛǘȅ ǊŜǇƻǊǘΣ 5h9 ƛǎ ǘŀǎƪŜŘ ǿƛǘƘ ŜȄǇŀƴŘƛƴƎ ǇŀǊǘƴŜǊǎƘƛǇǎ ǿƛǘƘ ƛƴŘǳǎǘǊȅΣ 
ŀŎŀŘŜƳƛŀΣ ƻǘƘŜǊ ŀƎŜƴŎƛŜǎΣŀƴŘ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǇŀǊǘƴŜǊǎ ǘƻ ǳǘƛƭƛȊŜ 5h9Ωǎ ŎƻƳǇǳǘƛƴƎ ŎŀǇŀōƛƭƛǘƛŜǎ ŀƴŘ !L 
ǘŜǎǘǎōŜŘǎ ǘƻ ōǳƛƭŘ ŦƻǳƴŘŀǘƛƻƴ ƳƻŘŜƭǎ ǘƘŀǘ ǎǳǇǇƻǊǘ ƴŜǿ ŀǇǇƭƛŎŀǘƛƻƴǎ ƛƴ ǎŎƛŜƴŎŜΣ ŜƴŜǊƎȅΣ ŀƴŘ ƴŀǘƛƻƴŀƭ 
ǎŜŎǳǊƛǘȅΣ ƛƴŎƭǳŘƛƴƎ ŎƻƳƳǳƴƛǘȅ ǇǊŜǇŀǊŜŘƴŜǎǎ ŦƻǊ ŎƭƛƳŀǘŜπǊŜƭŀǘŜŘ ǊƛǎƪǎΣ ŜƴŀōƭŜ ŎƭŜŀƴπŜƴŜǊƎȅ ŘŜǇƭƻȅƳŜƴǘ 
όƛƴŎƭǳŘƛƴƎ ŀŘŘǊŜǎǎƛƴƎ ŘŜƭŀȅǎ ƛƴ ǇŜǊƳƛǘǘƛƴƎ ǊŜǾƛŜǿǎύΣ ŀƴŘ ŜƴƘŀƴŎŜ ƎǊƛŘ ǊŜƭƛŀōƛƭƛǘȅ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜΦ 

5h9 ƛǎ ŀƭǎƻ ŎƘŀǊƎŜŘ ǿƛǘƘ ƛǎǎǳƛƴƎ ŀ ǇǳōƭƛŎ ǊŜǇƻǊǘ ά ŜƴŀōƭŜ ǘƘŜ ǇǊƻǾƛǎƛƻƴ ƻŦ ŎƭŜŀƴΣ ŀŦŦƻǊŘŀōƭŜΣ ǊŜƭƛŀōƭŜΣ ǊŜǎƛƭƛŜƴǘΣ 
ŀƴŘ ǎŜŎǳǊŜ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ǘƻ ŀƭƭ ŘŜǎŎǊƛōƛƴƎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ !L ǘƻ ƛƳǇǊƻǾŜ ǇƭŀƴƴƛƴƎΣ ǇŜǊƳƛǘǘƛƴƎΣ 
ƛƴǾŜǎǘƳŜƴǘΣ ŀƴŘ ƻǇŜǊŀǘƛƻƴǎ ŦƻǊ ŜƭŜŎǘǊƛŎ ƎǊƛŘ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ǘƻ !ƳŜǊƛŎŀƴǎΦέ 5h9 ƛǎ ŀƭǎƻ ǘŀǎƪŜŘ ŀǎ ǘƘŜ ƭŜŀŘ 
ŀƎŜƴŎȅΣ ǘƘǊƻǳƎƘ ǘƘŜ bŀǘƛƻƴŀƭ bǳŎƭŜŀǊ {ŜŎǳǊƛǘȅ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΣ ǘƻ ǊŜŘǳŎŜ ǘƘŜ Ǌƛǎƪǎ ŀǘ ǘƘŜ ƛƴǘŜǊǎŜŎǘƛƻƴ ƻŦ !L 
ŀƴŘ ŎƘŜƳƛŎŀƭΣ ōƛƻƭƻƎƛŎŀƭΣ ǊŀŘƛƻƭƻƎƛŎŀƭΣ ŀƴŘ ƴǳŎƭŜŀǊ ό/.wbύ ǘƘǊŜŀǘǎΦ 5h9 ƛǎ ǊŜǉǳƛǊŜŘ ǘƻ ŘŜǾŜƭƻǇ ǘŜǎǘōŜŘǎ ŀƴŘ 
άǘƻƻƭǎ ǘƻ ŜǾŀƭǳŀǘŜ !L ŎŀǇŀōƛƭƛǘƛŜǎ ǘƻ ƎŜƴŜǊŀǘŜ ƻǳǘǇǳǘǎ ǘƘŀǘ Ƴŀȅ ǊŜǇǊŜǎŜƴǘ ƴǳŎƭŜŀǊΣ ƴƻƴǇǊƻƭƛŦŜǊŀǘƛƻƴΣ 
ōƛƻƭƻƎƛŎŀƭΣ ŎƘŜƳƛŎŀƭΣ ŎǊƛǘƛŎŀƭ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΣ ŀƴŘ ŜƴŜǊƎȅπǎŜŎǳǊƛǘȅ ǘƘǊŜŀǘǎ ƻǊ ƘŀȊŀǊŘǎέ ŀƴŘ άŘŜǾŜƭƻǇ ƳƻŘŜƭ 
ƎǳŀǊŘǊŀƛƭǎ ǘƘŀǘ ǊŜŘǳŎŜ ǎǳŎƘ ǊƛǎƪǎΦέ 



NNSA report on AI for Nuclear Deterence



Application of Artificial Intelligence Methods and Technologies to Nuclear Security Mission 

Areas: the demonstration and application of AI to the Nuclear Security Enterprise and high-

consequence applications will be accomplished by partnering with key stakeholders in the 

weapons design, production, and analysis community.

Foundational R&D in Machine Learning Methods and Technologies: the development of ML 

tools and techniques that enable successful application in sparse or limited data environments 

where model accuracy constraints are likely to be much tighter than in industry or academia. In 

addition, the methods that will be developed will need to scale to the substantial data 

environment associated with the simulation of complex nuclear physics phenomena.

Scalable and Performant Data Infrastructure: the availability of rich, curated data sets will be 

critical to the use of ML within ASC. Investment will be required to create a secure hardware 

and software infrastructure that connects users across the design and production agencies of 

the Nuclear Security Enterprise. Ensuring the environment is scalable into the future and 

provides sufficient performance to prevent model training and inference from becoming a 

bottleneck will be an essential component to a successful execution of this strategy.

Enabling the Data-Driven Workforce of the FutureΥ !{/Ωǎ Ƴƻǎǘ ƛƳǇƻǊǘŀƴǘ ŀǎǎŜǘ ƛǎ ƛǘǎ ǳƴƛǉǳŜ 

workforce of laboratory technical staff who provide expertise in a wide variety of technical 

areas, including physics, engineering, mathematics, and advanced computing. ASC will invest in 

training and developing a pipeline of additional staff to engage across projects and activities, 

with the goal of providing data analytics and complex data-driven modeling. Attracting and 

retaining the best workforce will likewise mean demonstrating that ASC is performing cutting-

ŜŘƎŜ ǊŜǎŜŀǊŎƘ ƛƴ !L ƳŜǘƘƻŘǎ ŀƴŘ ŀǇǇƭȅƛƴƎ ǘƘŜƳ ǘƻ ǘƘŜ ƴŀǘƛƻƴΩǎ Ƴƻǎǘ ŎƘŀƭƭŜƴƎƛƴƎ ǇǊƻōƭŜƳǎΦ !{/ 

will collaborate with industry, academia, and other U.S. agencies to leverage existing 

knowledge, experienced staff, and best practices. 



DOE Labs reinforce AI for Energy



!Lп9 ƛƴ нлно



5h9 ƎƻŜǎ ǇǳōƭƛŎ ǿƛǘƘ ǘƘŜ C!{{¢ ƛƴƛǘƛŀǘƛǾŜ



May 8th SCSP AI Expo DOE Announcement



Schumer and Co. ask for $32B/yr 

for non-defense AI research and development
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Manchin and Murkowski introduce 

DOE AI Act:  $12B over five years 





DOE office of critical and emerging technologies 
announce FASST 







²Ŝ ŀǊŜ ƴƻǘ ǘŀƭƪƛƴƎ ŀōƻǳǘ ȅƻǳǊ ƎǊŀƴŘǇŀǊŜƴǘǎ 
DhC!L



YŜȅ ƛŘŜŀǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ C!{{¢



https://arxiv.org/pdf/2108.07258.pdf

Trend is towards fewer more universal models:
increasing emergence and homogenization
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LLMs and Foundation Models



Foundation Models ðWhat are they?

ÅLarge scale model trained on large datasets from 
many sources (text, papers, datasets, code, 
molecules, etc.)

ÅAdditional training to improve the human 
interaction experience (e.g., ChatGPT-4o)

ÅLarge models are remarkably flexible and exhibit 
emergent behaviors (capable of tasks not originally 
trained to do)

ÅApplications built on top

ÅThere are multiple early efforts underway in DOE 
labs to create Foundation Models explicitly 
targeting scientific use cases

Trained on trillions of input òtokensò

for many weeks on a large-scale computers

SOTA models (GPT-4) have about 

1.8 trillion parameters (~1% brainscale)

One Model  Many tasks

ƘǘǘǇǎΥκκŀǊȄƛǾΦƻǊƎκǇŘŦκнмлуΦлтнруΦǇŘŦ



Foundation Models for Science ð Opportunities
ÅFMs can summarize and distill knowledge ςextract information 

from million of papers into compact computing representation ς
PPI networks, materials compositions, code kernels, biological 
function, etc.

ÅFMs can synthesize ςcombine information from multiple 
sources ςgenerate small programs for specific tasks ςquantum 
computing programs using QISkit & Cirq, derivations for applied 
physics, code for visualization and animation, etc. 

ÅFMs can generate plans, solve logic problems and write 
experimental protocols for robots ςpowering self-driving labs, 
generate strategies for problem solving, and planning for testing 
hypotheses

ÅFMs can generate hypotheses to be tested and perhaps 
eventually new theories for exploration ςa full-time shared 
scientific assistant that learns from across all of science is 
possible

After experimenting with GPT-4 in our own research domains in materials chemistry, physics and quantum 

information, we find that ChatGPT-4 is knowledgeable, frequently wrong, and interesting to talk to. In other 

words, not unlike a college professor or a colleague. https://arxiv.org/pdf/2304.12208.pdf



https://arxiv.org/pdf/2108.07258.pdf

FOUNDATION MODEL



Google Gemini

bŀǘƛǾŜƭȅ aǳƭǘƛƳƻŘŀƭ ς ǘŜȄǘΣ ǎǇŜŜŎƘΣ ƛƳŀƎŜǎΣ ǾƛŘŜƻ

ƘǘǘǇǎΥκκōƭƻƎΦƎƻƻƎƭŜκǘŜŎƘƴƻƭƻƎȅκŀƛκƎƻƻƎƭŜπƎŜƳƛƴƛπŀƛκ

Integrated tokenizer

Specialized decoders



arXiv:2204.02311v2 [cs.CL] 7 Apr 2022 

tŀ[aΩǎ ¢ǊŀƛƴƛƴƎ /ƻǊǇƻǊŀ ¢ƻǇƛŎǎ



Building Large Language Models (e.g. ChatGPT)

ƘǘǘǇǎΥκκǿǿǿΦŎǎōƧΦƻǊƎκŀǊǘƛŎƭŜκ{нллмπлотлόнмύлллфпπрκŦǳƭƭǘŜȄǘ



C[ht{ ǇŜǊ ¢ƻƪŜƴ Ґ сb Ҍ мн[Iv¢

{ŜƭŦ !ǘǘŜƴǘƛƻƴ /ƻƳǇƭŜȄƛǘȅ hόƴнŘ Ҍ ƴŘнύ

¢ƘŜ ¢ǊŀƴǎŦƻǊƳŜǊ ǿƛǘƘ {ŜƭŦπ!ǘǘŜƴǘƛƻƴ 

Layers, Heads, Dimension, Width



~1 M GPU hours~4M GPU hours



Base Model (Raw Model) Instruct Models !ƭƛƎƴŜŘ aƻŘŜƭǎ

²ƻǊƪŦƭƻǿ ǘƻ tǊƻŘǳŎŜ aƻŘŜƭǎ

ƘǘǘǇǎΥκκƎŜƴŜǊŀǘƛǾŜŀƛΦǇǳōκǳƴǊŀǾŜƭƭƛƴƎπǘƘŜǘǳƴƛƴƎπƻŘŜǎǎȅπƛƴπƭƭƳǎπофŘмруŦŦпфōп


