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ArGENT [1] separates geometric context from solution queries, enabling accurate predictions on irregular domains, flexible query discretizations, and previously unseen geometries.

1 ArGEnT decouples geometry and queries 2 3D surrogates on non-parametric brackets 3 GOLD-FLOW extends ArGEnT to design 41 Related work strengthens the workflow
Cross-attention ArGEnT represents geometry with an independent The DeepJEB-derived dataset contains non-parametric 3D geometries with large GOLD-FLOW - Geometry-aware Operator Learning for Design in Flow Energy Companion papers, preprints, and drafts extend the project across
point cloud used for keys and values, while arbitrary solution locations topological variation and 120,000-380,000 finite-element nodes per example. Components - continues the LDRD through DOE Genesis Mission Phase I. geometry encoding, uncertainty, efficient training, and hard
construct the queries in the transformer-based framework. enforcement of interface physics.
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The same generative-surrogate loop supports electrochemical flow fields,
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The DeepONet branch can encode information beyond geometry, including turbine nozzles, and cross-flow rotors without reducing the designs to a Bayesian multifidelity active learning: Multifidelity Laplace Neural
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CROSS-ATTENTION DECOUPLES TWO POINT CLOUDS

Phase | target relative to conventional simulation-driven design workflows
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Geometry representation: Point clouds with signed-distance function (SDF) FOLLOW-ON WORKFLOW AND SCALE
labels describe complex domains without requiring a mesh as model input. . . : LLNL - INTERFACE AND DISCONTINUITY OPERATORS
w0 preciction errr oy prediction emor rediction error o prediction eror * Surrogate-driven design: Latent generative models propose non-
Flexible evaluation: SOIUtiOﬂ fields are predicted at arbitrary |Ocati0ns and 0.000000 0.001708 0.003417 0.000000 0.001897 0.003794 0.0000 0.0022 0.0044 0.00 2.81 11.62 parametric geometries; ArGEnT predicts the fields needed to evaluate Hard-constrainEd interface PINNS: Windowing and buffer ansatzes
resolutions. physics-based quantities of interest. embed interface continuity and flux balance into the solution

Transformer cross-attention: Each solution query selectively draws representation instead of balancing penalty terms for interface problems.

* Deployment and scale: Separable generator, surrogate, and optimizer
information from the independently encoded geometry.

modules support NVIDIA PhysicsNeMo deployment and distributed screening of . o _
large design spaces. p-DeepONet for discontinuities: Multiple branches represent

discontinuous inputs, while a domain-decomposition embedding in the
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Reusable geometry context: the same encoded geometry can serve

different query discretizations without resampling. The scaled cross-attention model gives the lowest vertical-load error * Geometry-general workflow: The operator evaluates point clouds trunk captures interface-driven output discontinuities under physics- and
in every reported field while resolving displacement and von Mises directly, allowing the optimization loop to compare designs with different : ) L
q J . . : L interface-informed training.
stress on the original 3D geometries. topology and discretization.
. J \ J/

Sandia v us peeartvENT gy [1]1 W. Chen, Z.-F. Wei, Y. Fu, M. Penwarden, P. Roy, and P. Stinis, “ArGEnT: Arbitrary Geometry-encoded Transformer >andia National Laboratories is a multimission laboratory managed and operated by National Technology
National of ENERGY NA ) Y - ) ) & Engineering Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International Inc., for the
laboratories ™ for Operator Learning,” arXiv:2602.11626, 2026. (Under review in the Journal of Neural Networks) U.S. Department of Energy’s National Nuclear Security Administration under contract DE-NA0003525.




Michael Penwarden - Abstract

Evaluating complex engineering designs requires costly simulations that limit how many
alternatives can be explored. This interlaboratory LDRD between Sandia, PNNL, and LLNL
develops neural operators for rapid physics predictions across diverse geometries. We
present ArGEnT, a geometry-aware surrogate model, and demonstrate its capabilities on
three-dimensional structural components and flow around unseen geometries. Related
work investigates epistemic uncertainties, mixed precision training, and physics-informed
learning. Direct follow-on work includes GOLD-FLOW, a DOE Genesis Mission Phase |
project that combines generative Al with fast surrogate predictions for non-parametric
design optimization of energy-system flow components.
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