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Advanced Simulation and Computing Mission

ASC is predictive science through simulation: the people, state-of-the-art computational platforms, and simulation
tools used in the annual certification of nuclear weapons stockpile:

= Prediction Through Simulation. Deliver verified and validated physics and engineering codes to enable simulations
and risk-informed decisions of nuclear weapons performance, safety, and reliability.

= Robust Tools. Develop robust models, codes, and computational techniques to support stockpile needs such as
Significant Finding Investigations, Life Extension Programs, annual assessments, as well as evolving future
requirements.

= Balanced Operational Infrastructure. Implement a balanced computing strategy of platform acquisition and
operational infrastructure to meet Stockpile Management, Modernization and Stewardship Programs’ needs for
production computing and advanced simulation capabilities.
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ASC 10-Year Strategic Guidance

. : . : . . L)
Deploy modeling and simulation capabilities for assessing the T —"

performance, safety, and security of an evolving stockpile SIMULATION STRATEGY.

'-" "

» Deliver modeling and simulation services for optimizing designs and
addressing threats

» Develop simulation tools for an efficient production complex

Advanced Simulation and Computing

* Provide a stable, production-level high-performance computing e e
(HPC) capability for current and future NNSA nuclear deterrent '
missions

» Modernize and sustain the ASC computing infrastructure (classified
and unclassified)

» Collaborate with industry to keep pace with hardware advances,
especially in artificial intelligence and quantum computing areas
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National ASC Work Breakdown Structure (FY2025) | |
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ASC Trilab Computing Environment =

« ASC is investing HPC and Al R&D and platform
deployments across NNSA enterprise because we can use
combine these to drastically enhance our national security
capabilities:

« Upcoming El Capitan at LLNL @ 2+ ExaFLOPS

Crossroads at LANL

Spectra at SNL

Commodity Technology Systems at 3 NNSA labs and sites

Additional HPC and Al hardware & testbeds
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egislative Language for the NASEM Post-Exascale Study

P

NATIONAL
ACADEMTES

As mandated by Congress in the 2021 National Defense -
Authorization Act, a committee was established by the
National Academies of Sciences, Engineering, and Medicine
to review “the future of computing beyond exascale
computing to meet national security needs at the National
Nuclear Security Administration.” In the context of the NNSA
mission needs, the committee was asked to evaluate future
technology trajectories as well as the U.S. industrial base
required to meet those needs.

Charting a Path in a
Shifting Technical and
Geopolitical Landscape

Post-Exascale Computing for the
National Nuclear Security Administration

Consensus Study Report

http://nap.nationalacademies.org/26916
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NASEM Post-Exascale Study —
Recommendations

Recommendations are grouped into three main categories:

HPC Procurements & Roadmaps for the NNSA E

Hardware, procurement models, software and mission workflows

Investment in foundational and applied R&D
Including specific call-outs for inter-disciplinary R&D and focus on Al/ML

Workforce, partnerships and training
Inter-government, inter-agency, University and international partnership programs
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ASC Academic Alliance Program

2022 NNSA Strategic Vision

ADAPTIVE WORKFORCE & RESILIENT INFRASTRUCTURE

MMSA will recruit, invest in, and nourish a high-performing, diverse, and flexible workfarce that can meet the
unigue policy, technical, and leadership needs of our mission today and well into the future. We champion

all aspects of diversity, equity, inclusion, and accessibility so that NMNSA and its enterprise benefit from the ful
range of America’s talent. Efforts to minimize personnel attrition are a high priority, as is investing in university
programs to support our future workforce.

We must also continue revitalizing our infrastructure, both by reestablishing capabilities lost after the Cold
War and modernizing facilities that have degraded over the last 30 years This infrastructure refurbishment is
moving forward in sync with our weapons modearnization and nuclear security programs and must leverage
mprovements in manufacturing and other technologies. & modern and flexible nuclear complex remains key
to the resilience of the Mation's deterrence capabilities and ensures that NNSA remains responsive to evolving
mission requirements.

Resilient infrastructure also requires investing in modern information technology and cybersecurity solutions
to protect our assets against growing threats, safeguard our ability to deliver on the mission, and provide a
state-of-the-art work environment for our workforce,

INTEGRATED ENTERPRISE MANAGEMENT & OPERATIONS

Effective governance and management incorporates mission integration and efficient execution across the NSE.
This collaborative approach among our federal, laboratory, plant, and site partners is critical to NMSAs success, We
will continue to work together to assure schedule and technology alignment, improve efficiency, and accelerate
delivery. We will harness the greatest capabilities that our Management and Operating partners offer, especially
as they continue to share best practices from across the nuclear portfolio, industry, and academia. Embracing
this flexibility allows each laboratory, plant, and site to optirmize itself to both deliver for NMNSA and contribute to
vital national priorities.

13 | 2022 STRATEGIC VISION
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Academic Strategic Alliance Program
(ASAP): 1997 -2008
* 5 Centers
Predictive Science Academic Alliance
Program (PSAAP I): 2008 — 2013
* 5 Centers
PSAAP II: 2014 — 2020
* 5 Multidisciplinary Simulation Centers
(MSCs) and Single-Discipline Centers
(SDCs)
PSAAP lll Centers: 2020 — 2025
* 9 MSCs, SDCs, and Focused
Investigatory Centers (FICs)

(NEW) PSAAP IV: 2025-2030

* https://psaap.linl.gov/ mA
Mﬁ
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https://psaap.llnl.gov/

Upcoming ASC Procurementés.f %
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R&D and Prototyping Activities |
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Advanced Memory Technologies Next Generation HPC Networks Advanced Architecture Prototypes
 New materials for memory * NIC + Switch Codesign * Novel accelerators beyond GPUs
* Novel foundational DRAM designs e Scale out (larger machines) e Reconfigurability
* Compute/Memory Architecture * Cost/perf optimizations e Advanced storage concepts
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Investment in Evolving Architectufrefs: ; fl
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Al and Machine Learning

A

AsC

i D O E A I 4S E S re po rt “ i o e b ARTIFICIAL INTELLIGENCE FOR NUCLEAR

W Al FoR SCIENCE, | .
ENERGY, AND g g DETERRENCE STRATEGY 2023
% SECURITY

Report on Summer 2022 Workshoj ps

v
' /

* JASON letter study (summer 2023) = g
+ |dentified and prioritized opportunities gt

« Al trustworthiness and compliance are high j T ;
priorities | . e e

JSR-23-07

« 2024 ASC Al for Nuclear Deterrence Strategy
focuses on four main areas:

« Foundational R&D for AI/ML
 Application to mission areas
 Investment in data infrastructure
« Workforce and Partnerships

'S
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Al for Nuclear Deterrence (Al

Current State ASC Al for Nuclear Deterrence Ro p (5-yr)

g - * * * | < < Al models backed by

Material development based on

Material X = .
A expert intuition and years of b d : Special material predictive performance
Discovery . S i ML-base HE foundation simulations for rapid design and
painstaking iteration. reactive atomic rmodel trained on replacement _P =4 ]
potentials multi-modal data down-select of tailored materials.
- types R
Trial-and-error vP Automated Discovery
J
Expert-based incremental * jfi * .
v v . i ' ] Powerful Al toolkit for
@) Stockpile D-ESIgI"I advances through empirical Black-box design Co-design of Multi-physics design designers enabling markedly
O and Analysis principles and localized optimization hypersonic and next optimization for better deterrence options
i optimization. using exascale generation reentry tailored deterrence :
< capabilities vehicles options
Experience-based design Al-assisted design
—
R A Heroic efforts to meet process- I } : el et
v Manufacturing b dr . ht witI'F:r lian Image-based Additively Demonstrate self- optimization with real-time
E and Experiments ekl eq;_ _emel = he clnlss defect detection manufactured metal correction and monitoring and correction for
on traditional approaches. alerts if part is parts qualified for optimized “born-qualified” components.
not qualifiable rate production inspection
Decoupled design and manufacturing Factory of tomorrow
Limited prediction of weapon - * * * » Digital twins support for proactive
Maintenance state supported by sparse 3D baselines Classified LLM trained Digital twins offering stockpile decisions. SFls benefit
and surveillance to detect and react incorporating on NNSA data to assist scenario-based analysis from LLM assistance trained on
Surveillance slowly to surprises. surveillance data used  with knowledge of potential SFis classified data.
regularly in AAR capture and transfer

Opportunistic surveillance Proactive surveillance

| Al technologies ﬁf? Al surrogate models * Al Foundation Models * Inverse Design * Al system control

Artificial Intelligence is a founda
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Final Thoughts

 For the past 29 years, ASC has been successful
In providing the needed simulation and computing P
services for NNSA Defense Programs. el

_ © Advanced Simulation and Computing

. SIMULATION STRATEGY
 For the future, ASC will still emplo_%/ advanced & o e oS8 oo A
exascale computing, in concert with all/any other  [Sermme T ¢ S ooyt ¥
viable computing architectures/technologiés that | ar o %o
will help sustain and improve ASC code S
performance. ASC COMPUTING STRATEGY

AsC

)

« ASC will continue to work with other DOE _
programs and U.S. agencies, industry, academia
and international collaborators to develop and
deploy required solutions for its mission.
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