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Abstract
In February 2026, the U.S. Department of Energy released a report titled “Na-
tional Science and Technology Challenge Problems for the FASST Initiative,”
proposing 26 challenge problems to be addressed through the U.S. Artificial
Intelligence “Frontiers in Artificial Intelligence for Science, Security, and Tech-
nology (FASST)”initiative. This paper conducts a detailed study and analysis
of these challenge problems, annotating the fine-grained content of each chal-
lenge across six dimensions: “real-world problems and requirements,”“scientific
challenges faced,”“specific key issues,”“focus points for problem-solving,”“main
ideas for AI empowerment,”and“AI technologies and applications.”On this ba-
sis, the 26 challenge problems are further categorized into six major fields, and
these problems are organized by field to observe and analyze the overall strate-
gic framework, general strategic thinking, main work priorities, and specific AI
initiatives of the U.S. FASST initiative from the perspective of problem chal-
lenges. Finally, the paper proposes implications for advancing China’s national
AI4S strategy.

Full Text
Analysis of Key Challenges and Solutions for the U.S.
Project Genesis
Introduction

Project Genesis represents a significant strategic initiative within the United
States’technological and defense landscape, aimed at advancing next-generation
infrastructure and computational capabilities. As with any large-scale endeavor
involving cutting-edge research and development, the project faces a multi-
faceted array of technical, logistical, and systemic challenges. This analysis
examines the core obstacles encountered during the implementation of Project
Genesis and evaluates the strategic solutions proposed to mitigate these issues.
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1. Technical Complexity and System Integration

One of the primary challenges facing Project Genesis is the unprecedented level
of technical complexity required to integrate disparate subsystems into a cohe-
sive architecture. The project necessitates the convergence of high-performance
computing, advanced materials science, and autonomous systems.

Solutions: To address these integration hurdles, the project has adopted a
modular design philosophy. By utilizing standardized interfaces and open-
architecture frameworks, engineers can develop and test individual components
in isolation before full-system integration. Furthermore, the implementation of
“Digital Twins”—high-fidelity virtual representations of the physical systems—al-
lows for extensive simulation and stress testing in a risk-free environment. This
approach significantly reduces the probability of catastrophic failure during the
physical prototyping phase.

2. Data Management and Cybersecurity

Project Genesis generates and relies upon vast quantities of sensitive data.
Ensuring the integrity, availability, and confidentiality of this information is
paramount, especially given the increasing sophistication of global cyber threats.
The challenge lies in maintaining a high degree of system interconnectedness
without creating vulnerable entry points for malicious actors.

Solutions: The project has prioritized a “Security by Design”mandate. This
involves the integration of Zero Trust Architecture (ZTA), where no entity—
internal or external—is trusted by default. Advanced encryption standards are
applied to data both at rest and in transit. Additionally, the development
team is leveraging machine learning algorithms to monitor network traffic in
real-time, enabling the autonomous detection and neutralization of anomalous
patterns that may indicate a cyber-attack.

3. Scalability and Resource Allocation

Transitioning from a laboratory environment to a full-scale operational deploy-
ment presents significant scaling challenges. These include the procurement of
specialized raw materials, the management of complex supply chains, and the
allocation of high-level human capital.

Solutions: To ensure scalability, Project Genesis has established strategic
partnerships with private sector industrial leaders and academic institutions.
This “Triple Helix”model of innovation—involving government, industry, and
academia—facilitates a coordinated approach to resource management.
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1 Chinese Academy of Sciences Institute of Scientific and
Technical Information
In 2026, the U.S. Department of Energy released a report titled National Sci-
entific and Technical Challenges for the FASST Initiative. This report outlines
a national-level strategic plan for AI-enabled scientific innovation (the FASST
Initiative), identifying ten major challenges that have garnered significant at-
tention from the global scientific and technological communities.

What are the practical requirements driving these ten challenges? What are
the specific key obstacles and core problems involved? Furthermore, what are
the primary entry points and strategic approaches proposed to address these
challenges?

To address these questions—specifically regarding where and how these technolo-
gies will be applied—our team has conducted a systematic review, analysis, and
assessment of the key issues and proposed solutions within the ten challenges of
the U.S. FASST Initiative. This work has culminated in the present preprint.
Our team is continuously refining this content based on new materials released
by the FASST Initiative, and we will utilize the preprint model to provide sub-
sequent updates for public reference.

Abstract
In October 2020, the U.S. Department of Energy (DOE) released a report titled
AI for Science, Energy, and Security, outlining the “AI for Science”(AI4S)
initiative. This report identifies critical national science and technology chal-
lenges that necessitate advancement through U.S. artificial intelligence capabil-
ities. This paper provides a detailed analysis of these challenges, examining
each through six dimensions: real-world problems and requirements, scientific
challenges, specific key issues, focal points for solutions, core technologies, and
practical applications.

Based on this granular analysis, the challenges are categorized into six major
domains. By systematically reviewing these domains, this study observes and
analyzes the overall strategic framework, primary objectives, and operational
priorities of the U.S. AI4S initiative. Finally, the paper offers strategic insights
and recommendations for the development of national AI strategies in China.

Keywords
AI for Science; Project Genesis; FASST Initiative; Strategic Analysis; National
Security

chinarxiv.org/items/chinaxiv-202603.00115 Machine Translation

https://chinarxiv.org/items/chinaxiv-202603.00115


The Genesis Program: Artificial Intelligence and the U.S.
Department of Energy’s Challenge Problems
The “Genesis Program”represents a strategic initiative within the framework
of the United States Department of Energy (DOE), aimed at leveraging the
transformative power of Artificial Intelligence (AI) to address some of the most
pressing scientific and engineering hurdles of the 21st century. By integrating
advanced machine learning techniques with high-performance computing (HPC)
resources, the program seeks to accelerate the pace of discovery across the DOE’
s diverse mission space, ranging from fundamental physics to national security
and energy independence.

The Role of Artificial Intelligence in Modern Science

In recent years, deep learning and broader machine learning methodologies
have evolved from experimental tools into essential components of the scien-
tific toolkit. Within the DOE ecosystem, AI is being deployed to manage the
massive data streams generated by next-generation light sources, particle accel-
erators, and climate modeling simulations. The Genesis Program emphasizes
the development of “Scientific AI”—models that are not only data-driven but
also constrained by physical laws, ensuring that the outputs are both accurate
and interpretably consistent with known scientific principles.

Addressing the Challenge Problems

The core of the Genesis Program is defined by a series of“Challenge Problems.”
These are high-impact, complex issues that have historically been resistant to
traditional computational or experimental approaches. Key focus areas include:

• Materials Discovery and Design: Utilizing generative models to pre-
dict the properties of new materials for batteries, semiconductors, and
carbon capture technologies, significantly reducing the time required for
laboratory synthesis.

• Fusion Energy Realization: Applying real-time AI control systems to
manage plasma stability in fusion reactors, a critical step toward achieving
sustainable, clean energy.

• Climate and Weather Prediction: Enhancing the resolution and ac-
curacy of global climate models by integrating AI-based sub-grid parame-
terizations, allowing for better prediction of extreme weather events.

• Grid Resilience and Security: Developing autonomous systems capa-
ble of monitoring and defending the national energy infrastructure against
cyber threats and physical failures in real-time.

Strategic Integration and Infrastructure

To support these ambitious goals, the DOE is aligning its world-class supercom-
puting facilities—such as those at Oak Ridge, Argonne, and Lawrence Berkeley
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National Laboratories—with the specific requirements of large-scale AI training.
The Genesis Program facilitates a collaborative environment where domain sci-
entists, mathematicians, and computer scientists work together to refine algo-
rithms and scale them across exascale systems.

1 Introduction
In 2026, the United States Department of Energy (DOE) released a strategic
report titled Genesis Mission: National Science and Technology Challenges.
Through this initiative, the DOE identified several critical challenges essential
to the nation’s core interests. These challenges represent pivotal scientific and
technological hurdles that must be addressed through the “Genesis Mission”
to ensure long-term national security, economic prosperity, and technological
leadership.

This report marks the completion of the first milestone task since the Execu-
tive Order to launch the“Genesis Project.”The order mandated that the DOE
identify core national vital interests that can be addressed through the project,
providing a detailed analysis of the associated scientific and technical challenges.
Furthermore, the National Science and Technology Council is required to pre-
pare for the long-term implementation of these strategic objectives.

2 Strategic Alignment and Fiscal Support
This alignment ensures that these challenge problems are consistent with the
action plans for the priority areas that the U.S. will vigorously support in the
coming fiscal years. These national science and technology challenge problems
encompass the three core missions of the U.S. Department of Energy (DOE):
basic science, energy, and national security. Each challenge problem was care-
fully selected based on its potential to bring tangible benefits to the American
people. The DOE believes that through the“Genesis Program”platform, world-
class research facilities, and public-private partnerships, the resolution of these
challenges can be effectively accelerated.

The release of these 26 national science and technology challenge problems is
a critical step in advancing the “Genesis Program.”The Under Secretary for
Science at the DOE noted that the program’s fundamental purpose is to support
higher-level scientific research. The current challenges empower scientists to
pose deeper questions and tackle more difficult scientific hurdles. Thanks to the
integration of artificial intelligence, the pace of development will now keep pace
with human imagination.

3 Analysis of Key Challenges and Solutions
Challenge 1: High-Performance Computing and Exascale Simulation

Challenge Solution To address the growing demand for massive computa-
tional power in complex system modeling, we propose an integrated exascale
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computing framework that leverages heterogeneous architecture optimization
and automated parallelization. This solution focuses on developing a unified
programming model capable of abstracting hardware complexities, allowing re-
searchers to deploy large-scale simulations across diverse processing units. By
implementing dynamic load balancing and advanced fault-tolerance mechanisms,
the system ensures continuous operation for long-duration scientific workloads.

Justification Our core capability lies in the proprietary development of low-
latency interconnect protocols and energy-efficient memory management algo-
rithms, which significantly reduce the power-to-performance ratio. Unlike tra-
ditional high-performance computing (HPC) approaches, our methodology in-
corporates machine learning-driven predictive scheduling to optimize resource
allocation in real-time.

National Impact The successful implementation of this exascale frame-
work will provide the nation with a decisive strategic advantage in scientific
sovereignty and industrial innovation. By reducing the time-to-discovery for
new materials and pharmaceutical compounds, the project will accelerate the
transition to a high-tech economy.

Challenge 2: Resilient Quantum Communication Networks

Challenge Solution This initiative focuses on the construction of a wide-area
quantum key distribution (QKD) network integrated with existing fiber-optic
infrastructure to ensure unconditional communication security. The solution
involves the deployment of high-bitrate quantum satellite-to-ground links and
terrestrial “trusted relay”stations to overcome distance limitations inherent
in quantum signal attenuation. By utilizing advanced entanglement swapping
techniques and quantum memory buffers, the network will facilitate a multi-
node architecture capable of supporting secure data transmission.

Justification Our research team possesses industry-leading expertise in single-
photon detection and high-precision phase stabilization, which are critical for
maintaining signal integrity over long distances. We have successfully demon-
strated a robust quantum-classical multiplexing technique that allows quantum
signals to coexist with standard data traffic.

4 Domain Classification of National Challenges
Based on a fine-grained analysis of the 26 challenges identified in the report, we
have categorized them into five major domains:

1. Advanced Manufacturing: Focuses on industrial productivity, micro-
electronics, and materials discovery.

2. Quantum Information Science and Technology: Focuses on quan-
tum computing, sensing, and communication.
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3. Basic Science and Infrastructure: Focuses on high-performance com-
puting, particle accelerators, and autonomous laboratories.

4. Energy Expansion and Resource Utilization: Focuses on grid scal-
ing, water-energy nexus, and subsurface resources.

5. Nuclear Energy: Subdivided into development, safety/deterrence, and
fundamental research.

presents the detailed classification of these challenges.

5 Detailed Domain Analysis
5.1 Advanced Manufacturing and Industrial Productivity

The primary challenge facing U.S. advanced manufacturing is the “valley of
death”—the gap between scientific discovery and the commercialization of prod-
uct processes. To address this, the program proposes the use of Agentic Gen-
erative AI.

Key Strategies: - Digital Twins: Integrating real-time data from machines,
products, and supply chains. - Physics-Based Modeling: Utilizing AI to
navigate high-dimensional parameter spaces to identify viable manufacturing
routes. - Microelectronics Recentering: Pushing beyond physical limits in
miniaturization and thermal management to reclaim global leadership.

5.2 Critical Materials

The U.S. reliance on foreign supply chains for critical minerals poses a threat
to national security. The Genesis Program aims to accelerate the discovery and
validation of alternative materials.

Key Strategies: - AI-Driven Workflow: Integrating material design, auto-
mated testing, and validation into a single data-driven process. - Inverse De-
sign: Using generative AI to design materials based on predefined performance
specifications (e.g., 𝑥𝑎𝑏 properties). - Automated Validation: Constructing
risk-based validation packages to shorten approval cycles from months to days.

5.3 Quantum Information Science

The challenge lies in the extreme difficulty of discovering new quantum algo-
rithms and the fragility of current quantum systems.

Key Strategies: - Natural Language to Circuits: Developing AI that
translates high-level problem descriptions into executable quantum circuits. -
Real-time Noise Mitigation: Using machine learning for adaptive error de-
tection and correction in quantum computing. - Quantum Sensing Opti-
mization: Leveraging AI to control multi-sensor networks and enhance sensi-
tivity.
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5.4 Basic Science and Infrastructure

This domain focuses on transforming traditional human-driven experimental
processes into AI-driven autonomous systems.

Key Strategies: - Autonomous Laboratories: Using robotics and edge
computing for real-time analysis and hypothesis generation. - Particle Ac-
celerator Optimization: Implementing real-time digital twins to predict and
control complex beam dynamics. - Data Center Leadership: Accelerating
the deployment of next-generation data center technologies to support the mas-
sive computational needs of AI.

5.5 Energy Expansion and Resource Utilization

Focuses on the interdependence of water and energy, grid resilience, and sub-
surface resource extraction.

Key Strategies: - Exascale Hydrological Modeling: Improving multi-
scale temporal reasoning for water resource prediction. - Grid Reinforcement
Learning: Using AI to reduce uncertainty in grid planning and improve relia-
bility by at least 10%. - Subsurface Predictive Science: Linking molecular-
scale mechanisms with field-scale resource availability to “unleash”geothermal
and hydrocarbon resources.

5.6 Nuclear Energy and Security

This domain is divided into energy production, safety/deterrence, and founda-
tional research.

Key Strategies: - Economical Delivery: Reducing nuclear power plant de-
velopment cycles through standardized designs and digital twins. - Nuclear
Deterrence Integration: Shortening the iteration cycle between design and
production agencies using a “Nuclear Safety Enterprise Twin.”- Data Digi-
tization: Using AI to digitize decades of historical nuclear data (handwritten
notes, analog drawings) into simulation-ready datasets.

6 Strategic Insights and Recommendations
1. Problem-Oriented Strategy: The U.S. approach transforms strategic

intent into an actionable task system centered on national needs (Energy,
Security, Basic Science).

2. AI as an Institutional Tool: AI is being transitioned from a general tool
to a core component of national governance and scientific organization.

3. The “Trinity”of Infrastructure: The strategy leverages the syn-
ergy between National Laboratories, Nuclear Security systems, and
High-Performance Computing.

chinarxiv.org/items/chinaxiv-202603.00115 Machine Translation

https://chinarxiv.org/items/chinaxiv-202603.00115


4. Restructuring Innovation: AI is used as a lever to restructure the orga-
nizational framework of the national S&T innovation system, connecting
experiments, computation, and manufacturing.

5. Material-Led Innovation: Materials serve as the foundational element
connecting different fields, with AI-driven “Inverse Design”acting as a
primary catalyst for breakthroughs.

By embedding AI capabilities into the national S&T infrastructure, the U.S. is
forming a long-term, continuously evolving capacity for scientific innovation and
strategic leadership.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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