EVALUATING THE USAGE OF PYTHON LIBRARIES ON A PRODUCTION SUPERCOMPUTER
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Advances in Al and ML are transforming scientific computing and
shaping Python library usage in HPC environments. On Polaris,

—e— TensorFlow & PyTorch
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Argonne’s GPU-accelerated supercomputer (44 PF peak, 560 . (T | @DDD
NVIDIAA100 GPUs, 2,240 AMD EPYC CPUs), we analyzed Python 20
usage trends using two datasets: :
— XALT — detailed runtime monitoring of libraries, executables, and Most users rely on PyTorch, with few using SciPy usage is dominated by core linear
job metadata TensorFlow, highlighting PyTorch’s dominance s'gebdraa St'Par?'e m?t”ﬁ _Orr)leratr'fons, and Cython-
_ - - Bar charts of PyTorch and TensorFlow users on Polaris and motivating deeper analysis of its usage. ased exiensions for hign-periormance
PySnooper — higher-level snapshots of library usage by environment. PyTorch users primarily run in custom scientific computing.
By correlating these logs with scheduler data, we revealed domain- environments (160), with 110 using the base Conda Functions used in PyTorch Library vs Overall Unique Users
specific adoption of AI/ML libraries. Results are delivered via environment or both. TensorFlow users mostly run in the |
. lirat g -t dashb d heloi antists: base environment (80), with 20 in other environments and . L e |
visuallZations an d redl-time dS oar ; e plng SClentists. 15 in bOth, ShOWing 3 StrOnger reliance on the base . 58WMMMMWMMW _gt:/gﬂr?lll_umque_users
—-Track Python usage trends environment. e s AT — e e
—|dentify performance impacts from non-optimized libraries The Start of XALT Library Path S ptography_unique. users vs verail i-tmdue_users
—Guide improvements to Conda environments and HPC : 18§WNMW\MWWW
infrastructure planning 160K Ill : L e ssrs us Overl
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Polaris is a GPU-accelerated supercomputer located at Argonne National Laboratory, delivering over 44 petaflops of 80k

MOTIVATION peak performance with 560 NVIDIA A100 GPUs and 2,240 AMD EPYC Milan CPUs. It supports large-scale modeling, 60k

simulation, data analysis, and Al/ML workloads for cutting-edge scientific research. 20k

Charts show NumPy, Zstandard, Cryptography,
PIL, and YAML closely track overall Python
usage, indicating broad adoption across
Polaris.

Py Torch usage centers on core tensor libraries,
CUDA acceleration, and full runtime

components supporting multiprocessing and

* Argonne’s default Conda environment supports common workflows o __ dependencies.
but usage analysis shows frequently used packages not included OVERVIEW OF METHOD ey s my e Sy g, % G o

by defau It \60’77@ Top 15 Libraries Used for Computer Science FUTU RE WORK
] ] ] ] _ Start Of Path
) Und.erSta.ndmg which domains CL.JS.tOr.mze. the environment versus _ — The graph shows the origins of library paths used by :5: o Future work will analyze runtime and job sizes
use it as-is guides software provisioning improvements Polaris users. Most libraries are loaded from home X for Python libraries and track emerging usage
» [dentifying the most commonly used libraries provides insight into directories, which can negatively impact performance. B e trends over time. We will also examine libraries

the HPC software landscape

outside the base Conda environment and
iInvestigate the factors driving library popularity
. to identify the most effective tools for scientific

120k N research. In addition, we plan to build an
PYSNOOPER VERSUS XALT IIIIIIII-III- interactive dashboard for daily monitoring of
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) . 0 " o e o g s U Py o library usage on Polaris. These efforts will
PySnooper XALT * XALT data stored in large . OO Library provide deeper insight into scientific workflows
. . . . . . compressed files was processed z - - and quide improvements to HPC software
Lightweight, quick snapshots Comprehensive, detailed tracking efficiently using structured JSON 2 o ([iom[F))uteSr SlglenceCle\;ork:joads e}lre (tj.omln?ted by rovigsionin P
Captures basic library usage, execution Includes all PySnooper data plus runtime - umry, oCiFy, and Fandas, reflecting a 1ocus P 9.
paths, run location details and non-Python processes + Parsed data captured Python E on data analysis and Al.
Conda envronment modifoations . CONCLUSION
. . o o0]\' [ed MULS[0])
Lower detail, not all jobs captured %et])%t:trle;armge:?ryés(\j/:ry Python job — Conda environment modifications 0 b :
PySnooper Unique Jobs XALT Unique Jobs «’Q ) ) ,;,_’/ ) o
. Aggregated results produced Dataset ¢ & Clear.patterns in Python library usage . %@.Ins!ghts support more efficient
Minimal overhead — best for fast checks Sllghﬂy hlgher_overhead but still minimal counts and VISUB!IZatlon\.Q.:.Of Ilbrary XALT identifies ne.ar|y. twice as many unique jobs as on POIanS ic;:lentlflc WOFkﬂOWS
relative to runtime usage and domain-specific patterns PySnooper, showing its broader system-level coverage and . Core scientific, Al, and performance 0 Ongoing analysis improves HPC
‘With XALT enabled, library imports show minor overhead: +0.24s for a single library (16% increase) and +6.1s for 95 highlighting the \./alue of combining tools for comprehensive libraries dominate resource management
libraries (47% increase). The added cost is small and limited to the import phase, with negligible impact on overall runtime. workflow anaIyS|s. . |I| Tren dS over tlme gUI de Con da . @ Deeper investiga tion enables
environment optimization broader Al adoption
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