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Al-assisted software - human-led scientific qualification

What XSTAR models

lonizing radiation interacts with gas and produces spectra.
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xstar-tools

C++ engine Python interfaces

Atomic physics Model setup, execution
and plasma modeling and analysis

Independent C++ engine Python inte rfaces

Scientific model calculations Model setup, execution and analysis

github.com/xstar-tools/xstar-tools



Al-assisted development: a controlled loop

Al proposes changes; tests and human reviewers decide what is accepted.
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Development workflow | Al assistance is not autonomous scientific acceptance



Scientific qualification is essential

Numerical agreement with FORTRAN and exact C++ regression tests answer different questions.

Model
parameters

e source continuum
 gas properties

» geometry

Atomic data
 energy levels
 transition rates
» cross sections

FORTRAN XSTAR
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Numerical criteria
against FORTRAN

Compare intermediate states, thermal balance, convergence and spectral outputs
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Measured performance improvements

Two distinct historical same-machine comparisons; outcomes depend on the model and host.

EARLIER C++ — OPTIMIZED C++

Historical multi-element test | same HP laptop

z1 0 x faster than earlier C++

WALL TIME
Earlier C++

Optimized C++

PEAK MEMORY
Earlier C++

Optimized C++

= two-thirds reduction in peak memory

Historical measurements, not repeated statistical benchmarks

~120 min

~12 min

~11-12 GB

~3.7 GB

FORTRAN XSTAR vs. OPTIMIZED C++

Separate historical test | same ASUS workstation

1 .42 X faster in this model

WALL TIME

FORTRAN 941 s
Optimized C++ 661 s
L]

PEAK RSS

FORTRAN 2.57 GB
Optimized C++ 3.78 GB

C++ uses more memory in this test
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Native model grids — XSPEC spectral tables

Plan a grid, run independent models, and collect results in a reproducible order.
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xstar-xspec-initable xstar-cpp (independent jobs) Assemble FITS files into a spectral table
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Assemble scientific arrays in canonical Concatenate logs separately for a Post-process hydro / MHD simulations for
grid order. traceable run history. synthetic spectra.

github.com/xstar-tools/xstar-tools



Supported Platforms | Q&A

Portable software and supported platforms
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Model paraimeters
e.g. spectrum, geometry,
physical conditions
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e.g. energies, cross-sections,
transition rates

PyPI

Python package index

conda-forge

Linux
x86_64

Native builds qualified on Linux, macOS and Windows

Conda community build
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xstar-tools

C++ engine

Python interfaces
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FITS products
e.g. spectra, tables,
model components

macOS

®

arme4 / x86_64

-- Windows

AMD64
PyPl / MinGW

External atomic data; optional MPI setup on supported systems an




FUTURE WORK | Q&A

Future direction: hydro/MHD post-processing

Planned extension: connect MHD simulation conditions to photoionization outputs and synthetic spectra.
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