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PESO pE@
Partnering for Scientific Software

Ecosystem Stewardship Opportunities

Scientific software

The PESO Project ex!sts to preserve, sustain, and _advance the investments made by ecosystem benefits
the Exascale Computing Project in a robust, versatile, and portable HPC software (technical and community)
ecosystem and the people who make the ecosystem effective. Partnership with CASS.
Pls: M. Heroux and L.C. Mclnnes g
PESO PARTNERSHIPS PESO SERVICES PESO PRODUCTS 10’000.+ :
Community members via
STAKEHOLDER ENGAGEMENT AND COMMUNITY 1 llaborati
CONSORTIUM PARTNERSHIPS DEVELOPMENT INTEGRATION PARTNERSHIPS E4S AND SPACK €cosystem collaborations
1,000+
. Applications Computin Better Scientific Provide resources and support for Support for product integration :
Consortium Cg'ranmunity Facili':ies o Software portfolio build, integration,ptZsting Features for consortium products Code teams Sha,re ecosystom
(BSSw) Spack integration Documentation, training costs and benefits
Commercial Fellowship Cl testing
HPC Xgencies ['}g:;t”a' Program Portfolio support & management PORT & TEST PLATFORMS 100+ _
Companies Workforce Collaboration with SSOs Speedup using advanced
Frank test & devpt system devices like GPUs
Cloud resources

KEY PESO GOALS SQA & SECURITY Bocumentation, training 10+

Enable applications to realize benefits of a software ecosystem Provide infrastructure to support and . = Reduction in build times via

Emphasize software product quality, continued fostering of leverage product team SQA BSSw.io CONTENT Spack build caches

software product communities, and delivery of products, working Supply chain, product quality

with CASS Testing, documentation Articles on scientific software 1

productivity and sustainability Source code base for all
computing systems
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Stakeholders: Computing CRLC: Advisory Team: CASS Consortium DOE Program Managers July 2026
Applications Community Facilities: ANL, BNL, LBNL, (Ej*l‘_';”g')(gi'zﬁﬁ)(mi’)‘ PESO, CORSA, ASCR: H. Finkel, D. Rabson,

Commercial HPC Companies ~ ALCF, NERSC, ~ LLNL, LANL, Femeira da Silva (ORNL) FASTMath, LEADS, B. Brown, S. Hier-Majumder, /\
Industrial Users OLCF ORNL, PNNL, Kothe (SNL), Messer (OLCF), RAPIDS, STEP, R. Pino P E So
US Agencies SNL Pakin (LANL), Riley (ALCF) S4PST NNSA: S. Hammond 7/

| | |
PESO Organizational Chart

Pls: Mike Heroux (ParaTools) and Lois Curfman Mclnnes (ANL)

PESO PARTNERSHIPS PESO SERVICES PESO PRODUCTS
STAKEHOLDER ENGAGEMENT (Mike Heroux, ParaTools) COMMUNITY DEVELOPMENT INTEGRATION PARTNERSHIPS
CONSORTIUM PARTNERSHIPS (Terry Turton, LANL) (Lois Curfman Mclnnes, ANL) (Jim Willenbring, SNL) E4Si(Sameerishende,UjOregon)
Strategic engagement with consortium partners, applications, Better Scientific Software ,I&Lljke PeyEra'Il?rllS’ Wyatt Spear, Jordi
__facilities, industry and agencies (BSSw) Fellowship Program Software portfolio management and integration caraz, Erik Reever
(in collaboration with and co-funded by SSOs) Elsa Gonsiorowski, LLNL, (in collaboration with and co-funded by SSOs

William Godoy, ORNL, On-node programming systems f (w. S4PST) Coordinator Jacob Bludau, ORNL, On-node sys (w. S4PST) SipEC s{ltesel Camslin, LU
Rajeev Thakur, ANL, Inter-node programming systems § (w. S4PST) Adam L?vely, LBNL, Deputy Hui Zhou, ANL, Inter-node prog sys (w. S4PST)
Sameer Shende, Univ of Oregon, Tools (w. STEP) Coordinator Bill Hoffman, Tim Haines, Kitware, Tools| (w. STEP) Caetano Melone, Greg Becker (LLNL);
h " ) Satish Balay, ANL, Math (w. FASTMath) Galbreath, Krattiger, Nesbitt (Kitware
Sherry Li, L.BNI._' Math Ilbra”es. . (w. FASTMath) Workforce Patrick O’Leary, Kitware, Data & viz (w. RAPIDS) 9 ( )
Berk Geveci, Vicente Bolea, Kitware, Data and viz (w. RAPIDS) ) Mikhail Titov, BNL, Workflows PORT & TEST PLATFORMS
Hannah Cohoon, LBNL, UDX and Workflows Mary_Ann Leun_g, Sustainable Jeff Sharpe, SNL, NNSA software ($ by NNSA) T. Gambli d S. Shend
Mahantesh Halappanavar, Eral Mutlu, PNNL, EDA software Horizons Institute U (ST, S

Daniel Martin, LBNL

Unfunded partners: Strategic engagement with NNSA,communities of Suzanne Parete-Koon. ORNL

Partnership with U Oregon, cloud, etc.

practice, applications, facilities, industry and agencies . SQA & SECURITY
HPC Community Group lead (David Bernholdt, ORNL) BSSw.io CONTENT
Cody Balos, LLNL, NNSA software (funded by NNSA) Rinku Gupta. ANL: R Bartlett. SNL
. Inku Gupta, , ROSS bartlett, ;
Partners at ALCE, NERSC, OLCF C?mmumcat'on . Ross Bartlett, SNL; Berk Geveci, Kitware; Keith BeaFt)tie LBNL; Pat Grubel, LANL;
Liaisons: Ann Almgren (FASTMath), S) Mike Bernhardt, Team Libra Jim Willenbring, SNL; Damien Lebrun-Grandie, Mark Miller, LLNL; David Bernholdt,
LANL, and integration/strategy teams ORNL; Lois McInnes, ANL; Mike Heroux,

ParaTools

Strategy & Integration — Members are part of other SSO teams & NNSA, for tight collaboration
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Performance

— Parallel installer improves build performance
by 2x or more

— Concretization caching speeds up repeated
dependency solves by 2x+

Supply chain security

— Every build now includes a Software Bill of
Materials (SBOM), allows scanning for CVEs

— Experimental build sandboxing with landlock
(in Linux v5.13 kernel) ensures reproducibility,

Spack v1.2.0

June 2026 release adds

and security features

auditability, build environment safety

ff’@ U.S. DEPARTMENT OF
‘7 ENERGY

More at https://github.com/spack/spack/releases

performance improvements i

Progress: 2/61 /: filter v: logs n/p: next/prev

[/]
[e]
[e]
[/1
[/]

ca-certificates-mozilla@2025-08-12 fetching fro
glibc@2.39 /usr

gcc@l3.3.0 /usr
compiler-wrapper@l.® starting
gcc-runtime@l3.3.0 starting

New parallel installer builds packages
concurrently, allows work stealing
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The Al ecosystem in Spack continues to grow
Spack contributors ensure latest Al builds are available for HPC

Al Packages Platforms
Hugging Face (A A) XGBoost dmic macOS
py-transformers R 2 py-xgboost  XGBoost aarche4 q rm
JAX z PyTorch .
py-Jjax ﬂ py-botorch . Linux Ena
py-joxLib papveoren (O PyTorch X x86_64 / CPU Qr
py-kornia -
Scikit-Learn py-lightning x86_64 / CUDA
py-scikit-learn @) learn py-pytorch-lightning x86_64 / ROCm @Dz
py-segmentation-models-pytorch
TensorBoard py-timm AMDQ
py-tensorboard py-torch aarche4 / CPU ROtm
py-tensorboardx I N py-torch-geometric aarcho4 / CUDA
r py-torch-nvidia-apex
TensorFlow py-torchaudio PR—
py—tensor‘ﬂ.ow py_torchgeo ‘= g{:’:ﬂ:v 562 builds across al releases
py_tensor'f-LOW‘datasetS py_torchmetr‘ics Qv:‘; lllll S LTERS: |+ Add iter o
py-tensorflow-metadata py-torchvision ~ eem e we uwme e mes wow o e
py-tensorflow-probability py-vector-quantize-pytorch ) ewe e e (G
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Visit cache.spack.io for a searchable catalog
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E4S provides a robust & growing software
ecosystem for science

Open-source, portable, GPU-enabled libraries and tools (mod/sim, Al, and future QC)

- @ SpaCK Community policies

https://eds.io https://spack.io Commitment to SW quality

Post-ECP strategy (PESO & CASS)
Used across all computing facilities
work with vendors, advancing interoperability

= E4S: HPC-AI software ecosystem —
a curated portfolio

= A Spack-based distribution
of software tested for
interoperability and portability to Tumnkey stack
multiple architectures A new user experience

Growing HPC-Al infrastructure for science

NVIDIA Blackwell GPU CUDA v12.8 support
NVIDIA NeMo™ and BioNeMo™ Frameworks
Vlim inference engine

Hugging Face Hub/CLlI tools “GitHub of ML”
TensorFlow, PyTorch, Horovod, JAX, sklearn,
Pandas, Lbann, OpenCV, Torchbraid — GPU-
optimized

NVIDIA, AMD, Intel GPUs — portability
Foundation for Adaptive Computing Heidi Al

= Available from source, cloud,

binary caches, containers
DocPortal

= Not a commercial product — Single portal to all
E4S product info
an open resource for all

= Regular releases, growing

functionality: June 2026 E4S 26.06 Build caches
— 125+ products Jg;gygglgnmf

= One of the most important

legacies of ECP ’ ) Release presentation: https://e4s.io/talks/E4S 26.06.pdf
: Portfolio testing
Especially
leadership platforms
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https://e4s.io/
https://spack.io/
https://spack.io/
https://e4s.io/

Leveraging and Supporting Al in E4S

E4S website Al features support users, E4S containers support Al research

E4S Guidebot, Prompt tables E4S base containers

= Guidebot: = Curated containers for CPUs/GPUs

— Document-RAG GPT — Spack + pointer to binary caches

— Trained with Gemini deep reports — Container download < 1 min

— Served as custom OpenAl GPT — Spack install/load of product ~ 1 min
= Prompt tables: = Example (Mac Laptop)

— Sets of attributes and definitions — Docker pull on laptop: 42 sec

— Supports users in building effective — Spack install of LAMMPS: 75 sec

prompts — Parallel LAMMPS in 2 mins

E4S use of Al enhances discovery and E4S containers support reproducible,
usability of all ASCR apps, libs, tools rapid access needed for Al workflows

Argonne National Laboratory is a
U.S. Department of Energy laboratory
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O/LHUIAL:

Consortium for the Advancement Eace

Chair: D. Bernholdt

of Scientific Software Yoo Chelr - Wiertring £

https://cass.community

i:?{ss Consortium for the Advancement of Scientific Software Impacts Software Working Groups About Softwa re
- Areas
Catalog =
Number of products in parentheses
Consortium for the Advancement of Scientific Data and visualization (10
Provide capabilities for analyzing,
ortware
visualizing, compressing, moving,
Advancing scientific discovery through software stewardship eadleensgindicats
Development tools (6)
Help address performance
challenges and faciliate efficient
- support of the latest HPC node
Current CASS Members What is CASS? srchitectures
A federation of member organizations Mathematical libraries (14)
SciDAC Institutes Other Software Areas Ecosystem_and Suppo rtin gs peCIfI c communities or SR e
Crosscutting . . . ipeen latest HPC architectures for
FASTMath S4PST PESO providing crosscutting capabilities related to coupled systems, ensemble
Scalable mathematical il Programming models Fostering, curating, scientific software stewardshi p caleulations, andmore
libraries and runtimes and delivering a Proaramming models and
scientific software = HI O
ecosystem runtimes (11)

RAPIDS STEP CORSA * CASS is a vehicle to coordinate and Suppartintra-nad and nte-node
Platform readiness, Performance and Pathways to + g Co::‘:;;’:fﬁzc ff; d:';rizir:;ures
data management / correctness tools foundations, sw COI Iaborate on aCtIVItleS that e

understanding, and Al sustainability metrics . . . .
tools benefit the scientific software e
LEADS Current members are supported by DOE/ASCR Next- . . . AND MORE
T Ty]  Seperation Scintfic Software Technologies (NGSST) and community, including developers, o '
scientific machine Cl programs integration tools, and containers

learning We are open to new members from DOE or elsewhere users, a nd oth er Sta ke h 0 I ders oS




Scientific Software Ecosystem Impact

Basic science research in math/CS ... enabling scientific discovery

W s
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Thank you to Andrew Siegel, Erik Draeger, and ECP applications teams

Exemplar: WDMApp: Whole-device fusion modeling

Whole-device fusion modeling

The enabling software

-
= Software ecosystem and delive PESO): Spack and E4S
\"'J v .
Coupled magnetic fusion simulation codes rely on a wide range of other software to deliver
scientific capabilities. The following highlights software from the CASS scientific software = = .
ecosystem used by the WDMAPp project, which was part of the DOE Exascale Computing a I ra rl e s at .

Project.

ot i AT PETSc/TAO, hypre, SuperLU, Trilinos, AMReX, MFEM, SUNDIALS,

build options brin g th XSDK in order to use mar y of the FASTMath libraries. Math

e Kokkos Kernels, STRUMPACK, libEnsemble, Ginkgo, libCEED,
and MAGMA

Data and visualization (RAPIDS): ADIOS, HDF5, PnetCDF, zfp,
VTK-m, DIY

Programming models and runtimes (S4PST): MPICH, Open MPI
- Development tools (STEP): TAU, HPCToolkit, PAPI and Darshan

'WDMApp leverages ADIOS for code
. Y AND MORE ...
More info: https://cass.community/impacts/2025-01-wdmapp.html

@EﬁEﬁEFY Thank you to Amitava Bhattacharjee, C.S. Chang and the WDMApp team

in the CASS e

Software ecosystem and delivery (PESO)

ieve
in build time via Spack an



https://cass.community/impacts/2025-01-wdmapp.html
https://cass.community/impacts/2025-01-wdmapp.html
https://cass.community/impacts/2025-01-wdmapp.html
https://cass.community/impacts/2025-01-wdmapp.html
https://cass.community/impacts/2025-01-wdmapp.html
https://cass.community/software/spack.html
https://cass.community/software/e4s.html
https://cass.community/software/petsc-tao.html
https://cass.community/software/hypre.html
https://cass.community/software/superlu.html
https://cass.community/software/trilinos.html
https://cass.community/software/amrex.html
https://cass.community/software/mfem.html
https://cass.community/software/sundials.html
https://cass.community/software/kokkoskernels.html
https://cass.community/software/strumpack.html
https://cass.community/software/libensemble.html
https://cass.community/software/ginkgo.html
https://cass.community/software/libceed.html
https://cass.community/software/magma.html
https://cass.community/software/adios.html
https://cass.community/software/hdf5.html
https://cass.community/software/pnetcdf.html
https://cass.community/software/zfp.html
https://cass.community/software/vtk-m.html
https://cass.community/software/vtk-m.html
https://cass.community/software/vtk-m.html
https://cass.community/software/diy.html
https://cass.community/software/mpich.html
https://cass.community/software/open-mpi.html
https://cass.community/software/tau.html
https://cass.community/software/hpctoolkit.html
https://cass.community/software/papi.html
https://cass.community/software/darshan.html

PESO Team Contributes to HPSF Growth & Impact PESQ

HPSF Launch

The High Performance Software Foundation (HPSF), launched May 2024, supports m H P S F

use and sustainment of apps, libraries and tools for leadership scientific computing
*  HPSF promotes and incentivizes improved software quality, availability, and use through m
better team practices, processes, testing, and access to resources and events HIGH PERFORMANCE

*  HPSFCon25: Over 200 DOE leaders, key industry, agency, and international partners m SOETWARE FOUNDATION

*  PESO team efforts and resources have been integral to HPSF growth and success

HPSF Impact and Promise hpsf.io

*  HPSF promises to be the critical community element that brings together all parties with
common interests in high-quality, open-source, scientific software New Directions in 2026

. HPSI.: providses funding and collaboration that enable DOE, other pS agencies, industry, . First European Community summit
and international groups to work together on common software interests .

*  HPSF provides a key element for sustaining DOE investments in scientific software * HPSFCon 2026 grew to:

PESO Roles in HPSF - 237 attendees
PESO members play key HPSF leadership roles; 10 PESO members attended HPSFCon - 11 co-chated PrOjeCt mee_tmgs

® PESO-supported products Spack and E4S are HPSF member products * Onboardlng major new prOJects:

® PESO-supported software integration staffing and the “Frank” system with the latest GPU nodes - Flux, Environment Modules done
provides critical Cl testing for HPSF products -In progress:

PESO Team Member Roles in HPSF Open MPI, MPICH, LAMMPS

* Todd Gamblin: HPSF founder, Governing Board (GB) Chair, lead HPSF Core Project Spack
* Damien Lebrun-Grandie: GB member, HPSF Technical Advisory Committee (TAC) chair
* Bill Hoffman: TAC; Jim Willenbring: TAC, E4S Technical Steering Committee (TSC); Sameer Shende: E4S Project Lead/TSC member; Greg Becker: Spack;

Tammy Dahlgren: Spack; Ryan Krattiger: Spack, Binaries WG lead; Satish Balay: E4S; Luke Peyralans: E4S; Wyatt Spear: E4S; Mike Heroux: E4S TSC member,
HPSF “Cheerleader” 10
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HPSF Growth & Impact ~ BSSw.io and BSSw Fellowship Program: https://bssw.io/fellowship

Fostering community and info on scientific software best practices

HIGH PERFORMANCE

https://hpsf.io

HPSF Impact and Promise

The High Performance Software Foundation
(HPSF) supports use and sustainment of apps,
libraries and tools for leadership scientific
computing

HPSF promises to be the critical community
element that brings together all parties with
ccommon interests in high-quality, open-source,
scientific software

HPSF provides funding and collaboration that
enable DOE, other US agencies, industry, and
international groups to work together on

\

/l/itroducung the 2026 BSSw Fellows \
SEIEAR S Introducing the 2026 BSSw Fellows \

A QB i
K DOE ASCR, NNSA, and NSF collaboration /

The Better Scientific Software Fellowship at US-RSE'25

i i H Suzan Anwar Jakob Bludau Mary Goldman Drew Paine Parmanand Sinha Victor Weeks
COMIRON SOMWAIS Inkarests - HPC Best Practices Webinars ... and more! L bt el :
+ HPSF provides a key element for sustaining Philander Smith University Oak Ridge National Laboratory  University of CaliforniaSanta  Lawrence Berkeley National ~ University of Chicago Research  NSF National Center for
DOE investments in scientific software Sediibibliat il P Cruz Laboratory Computing Center Atmospheric Research
S e G ustainable AL Best Practices  Performance-Portable Design
HPC Best Practices for Reproducible Scientific Pattems: A Gallery and User Experience Design for Growing & Tending User From One-Off Containers to Maintaining Scientific Rigor in
Webinars Software Development Community Hub RSEs Experience Resources for HPC Production Science: AlAssisted Development: A
Events The HPC Best Practicos (HPC-BP) Scientific Software Patterns for
RN PUI e | bt e e o b 8 Communiies MultiService Workflows Methodology

and engineering CSE] software on
nigh-performance compu.

CASS Workforce

i CASS BoF Day Better Scientific Software i Honorable Mentions
orkin rou aye User/Developer Experience _ .
(CASS BoF Days provides w4
m ic Softmare Webinars A
together for Sirds-of-s-Feather (BoF] (BSSw] tutorias focus on issues of UserfDeveioper Experience Webinars R

————— < d topics of interest Geveloper prockxciiy sofbware feature speakers who highight best

co-designteams science models e scientic softwar, V

withworkforce infrastructure, |

Geliverables data, and ¥

competency

kL ook Floor Broekgaarden Matthew Feickert Joseph Frimpong Erin Higgins Abena Primo Daniel Steger

University of California, San University of Wisconsin- Argonne National Laboratory  Caregie Mellon University Huston-Tillotson University Center for Open Science
H 2 2 Diego Madison
Scientific Software Horizons Podcast Postdoctoral Researcher, Postdoctoral Researcher, Associate Professor, Computer  Technical Community Manager,
Assistant Professor, Astronomy  Research Scientist, Data Midwest Integrated Center for University Libraries Science Open Science Framework
& Astrophysics Science Institute Computational Materials
T New podcast exploring

Neticasl e, what's next in scientific

A leeckiiics scalable,

training and velideted software and research

Alforscience
softwaro and
curricula )

apprenticeship- computing ... We're coverin d b i
e ey e DOE ASCR, NNSA, and NSF collaboration
— the evolving ecosystems
that support modern
scientific discovery.

Al-for-science training and talent mobilization:

Scientific Software Horizons

psiisil + Join our Lkecin oy The Better Scientific Software Fellowship at US-RSE'25

Eam an Active Group badge * Check out our YouTube

channel

11



https://bssw.io/blog_posts/the-better-scientific-software-fellowship-at-us-rse-25
https://bssw.io/blog_posts/the-better-scientific-software-fellowship-at-us-rse-25
https://bssw.io/blog_posts/the-better-scientific-software-fellowship-at-us-rse-25
https://bssw.io/blog_posts/introducing-the-2026-bssw-fellows
https://www.linkedin.com/groups/15361030/
https://www.linkedin.com/groups/15361030/
https://www.linkedin.com/groups/15361030/
https://www.linkedin.com/groups/15361030/
https://www.youtube.com/@ScientificSoftwareHorizons
https://www.youtube.com/@ScientificSoftwareHorizons
https://doi.org/10.6084/m9.figshare.31564060
https://doi.org/10.6084/m9.figshare.31564060

PESO Summary

Scientific software ecosystems: Working toward the future

f:\\
* ECP established the “Exascale Era” showing the viability of Modeling/Simulation + E\(\g L
Al computing systems for science  ormecmmeres
* CASS and HPSF: ECP’s formal project approach has transitioned to: PE@
* Aloose federal model (CASS: Consortium for the Advancement of Scientific e/

Software, https://cass.community)
* A foundation model (HPSF: High Performance Software Foundation,

https://hpsf.io)
* PESO’s roles include:
* Stewarding and advancing E4S and Spack in open communities
* Advancing the scientific software ecosystem
* Supporting CASS by sponsoring leadership of crosscutting activities

* Next frontier: Software strategy for Al for Science: Integrating Al and
Modeling/Simulation for impact

* Toward a Cohesive Al and Simulation Software Ecosystem for Scientific
Innovation, 2024, https://arxiv.org/abs/2411.09507
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https://cass.community/
https://hpsf.io/
https://arxiv.org/abs/2411.09507
https://www.exascaleproject.org/
https://cass.community/

Explore more ... posters

« PESO
 E4S: An HPC-AI Software Ecosystem for Science

 What's new in Spack 1.2

» User-Developer Experience (UDX)

« Advancing Software Practices and Impact: Sustainable DAV and TOOLS
Integrations for DOE HPC software

« CASS: Software Stewardship for DOE/ASCR
 And also learn about S4PST, STEP, FASTMath, RAPIDS, LEADS
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