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e Scientific Data Management

G Data Orchestration

Data orchestration focuses on developing and enhancing workflow management systems to handle the growing
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determine tool calls autonomously, Fuel-Cladding Compatibility
and save successful runs as reusable
skills for new fuel systems.
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« Writing ParaView scripts is a barrier for many
scientists and LLMs still struggle with highly
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ChatVis-generated visualization of pathlines
traced from a vector field simulated by an ocean

AI threaded climate model.
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Scientific Visualization and Uncertainty-aware visualization at interactive speed In-situ visualization in production: ParaView Catalyst
Understanding

Exascale simulations cannot afford to write everything to disk before looking at it.
ParaView/Catalyst 2.1 was deployed on three leadership-class systems, with an end-to-
end in-situ workflow demonstrated with AMReX and WarpX and an initial integration
with the MFEM finite-element library. Three new capabilities:

« Asynchronous execution.

Quantifying uncertainty in surfaces extracted from simulations was too costly with
Monte Carlo sampling. MAGIC'’s closed-form formulation accelerates isosurface
uncertainty by up to 585x — and a companion vector-field method reaches =19,698x
on GPUs — making uncertainty-aware analysis practical for meteorology, ocean, urban-
flow, and astrophysics data. _
As simulations generate increasingly large datasets, scientists need more advanced * GPU-resident workflows.
visualization technologies to explore them across the diverse range of hardware at * Closed-loop steering.

different facilities. Our goal is to drive improved understanding of data in three ways:

Athawale et al., “MAGIC: Marching Cubes Isosurface Uncertainty Visualization for Gaussian Uncertain Data With Spatial Correlation,”
IEEE Transactions on Visualization and Computer Graphics(2026), Ouermi et al., “Efficient Probabilistic Visualization” (2025) ParaView/Catalyst 6 deployment, RAPIDS3 software stewardship (2026)
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In-situ visualization visualization systems, integrated into data
orchestration workflow technologies
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(Tseriat = 6.10 s, Topenmp = 1.03 s) Topenmp = 0.015 s) (€) Accuracy vs. timing

2D LBM cylinder flow on GU, identical pipeline run
both ways. Solver blocked 33% of wall clock under
sync, 6% under async. Async runs 27% more
iterations per second in the same wall clock.
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On-device Viskores reduction computes a scalar
MAGIC framework for isosurface uncertainty visualization of the tangle dataset. Image (a) visualizes signal from the flow field. That single value is
the ground truth isosurface. The ensemble with correlated noise is generated from the ground truth, returned to the driver, which uses it as the input to
and the isosurface from the mean of the ensemble is visualized in image (b). The meanfield ~_acontroller adjusting the solver's boundary
isosurface extracted with MCA breaks in the area enclosed by the blue box and does not convey its condition on the next step. The round-trip stays on
spatial uncertainty visually. Images (c)-(d) visualize the isosurface uncertainty computed by ignoring device except for eight bytes of scalar crossing to
spatial correlation. As seen from image (e), the runtime of the Monte Carlo solution (red and blue the driver: field data never leaves the GPU.

curves) increases with the number of samples, whereas the closed-form solution (green curve) is
much faster and independent of the number of samples.
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