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*WARNING*

I am a user...

Beyond a few old ~bespoke grid campaigns & bit of ML,
I am in no way a computing expert...

Computing needs are a
HIGHLY COUPLED
problem

?How to distinguish between?
user analysis + group analysis + reconstruction development
individual production + group production

individual ML train/inference + reco chain train/inference
I hope this talk serves to inform as best as possible, and connect experts with group leaders,
lead analyzers, and other users

Apologies if things get a bit repetitive at times across this and other talks



Talk Timetable
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DUNE Physics Working Group Needs C. Marshall, J. Barrow, J. Calcutt
ProtoDUNE+FD+ND Simulation & Reconstruction L. Paulucci, M. Kramer, J. Calcutt
Detector Simulation & Reconstruction Software (WC, Pandora, H. Yu, L. Whitehead, F.  Drielsma
SPINE)

Some ML Applications (NuGraph, Transformers) G. Cerati, J. Liu, J. Barrow

Current ML Libs., Future PHLEX Libs., GPU Resources Available V Hewes, A. Bashyal , K. Herner
Workflows, Production, and Data Management; FAIR Principles A. McNab, A. Higuera, S. Timm
Foundation Models, LLMs, Inference as a Service K. Terao, A. Rafique, D. Sagar,

M. Bhattacharya

ML Trigger, Signal Processing, Agents C. Hasnip , A. Bashyal , A. Higuera
GPU-based Optical Simulations _, Differentiable Programming |. Parmaksiz , K. Terao

Genesis Mission L. Whitehead, J. Bian

Remarks C. Wilkinson
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Central Purposes

AUnderstand current scope of planned analysis work within WGs
A Resources expected: storage, CPU hours

AUnderstandpotential scope of future work
A How many GPUs do we need if we get all that we want?
A How builtin to our reconstruction frameworks do GPUs need to be?

AReviews of some ongoing cuttieglge ML work across DUNE
A[ F NBSfé& OFyQiu akKz2¢g (UKAA KSNBI &a2z2NN

AReviews of best practices we should endeavor to utilize as a commur
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Needs for research ecosystem for a common FM

e Diversedatasets, tasks, and common benchmarks

e Synthesize fundamental knowledge about FM-for-neutrino/HEP datasets
e Public datasets and trained models made available for applications R&D
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Our findings from group members

Never a bad time to buy nvidia shares
GPU usage generally is going to go up
GPUs are being used for acceleration, as well as ML

- A100 is the most popular hardware, but this is driven by availability
on EAF

- Available FNAL resources becoming increasingly maxed out
o EAF GPU slots are increasingly becoming fully occupied

LauraPaulluci DUNEAIMLWorkshop fdsimreco.pdf
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Detector Systematics’ Effects on
Simulation & Reconstruction Chain

TP-genera tion

Changes in

Trigger Eff. EErms

Combines
w/Sel. Eff.
for final
Tot. Sig.
Eff.

T Changes in

Sel. Eff,,

T Purity,
Osc. Sens.

Proposal: for each DetSim “universe’,
run standard reco chain along with TP generation



DVE
GPUs, NERSC and other extra computing needs m“'

e GPU usage generally increasing rapidly in DUNE
e FD is often a testbed for Al developers to test ideas
e DUNE FD computing have been modest in terms of processing
power
o Most event topologies are ‘simple’ to simulate, but we need a lot
of statistics
o So far have not needed HPC centres
e Educated guess is that this will start to change in the coming years
o Processing low energy + radiologicals in the full 10kt sim may
need HPC
o Some collaborators expressed desire to use GPU during sim
stage (e.g. Opticks/Celeritas)
o GPU usage will generally go up

LauraPaulluci DUNEAIMLWorkshop fdsimreco.pdf
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DUVE
Expected types of GPU usage at DUNE FD w“

We are starting to hear about two kinds of GPU usage at DUNE FD,
with very different needs

1. Al/ML usage to enhance sim/reco performance

o Requires infrequent but intense GPU usage outside of
production to train ML networks

o Typically does not require GPUs for inference -> only need
CPUs at production time
m Thisis not ahard rule

o Mostly requires interactive-level access to GPUs rather than
GPUs on worker nodes

2. GPU-accelerated algorithms to enhance processing speed
o Run heavy algorithms on a GPU that are CPU infeasible
o Requires interactive-level GPUs (for development) and GPUs
on worker nodes (for production)

LauraPaulluci DUNEAIMLWorkshop fdsimreco.pdf 0
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Primary contact: A. Higuera

Scintillation light full optical simulation

Full optical simulations are prohibitively slow on CPUs
o Fast optical methods (semi-analytic, optical libraries, GNN) are
Implemented to save time and resources

Explorations in DUNE to use Opticks and Celeritas, to
GPU-accelerate the full optical simulation

Current development efforts use local RTX GPUs (5090 and 4090),
and DUNE's allocation at NERSC used to test portability

GPU’s would be needed for FD simulation production that make use
of this method
o Current timeline for development completion is summer 2026
o Will rely on justIN to deploy workflows that should provide
DUNE-GPUs from OSG and NERSC allocation
LauraPaulluci DUNEAIMLWorkshop fdsimreco.pdf
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Perimutter @ NERSC

- Abundant source of both CPU and GPU nodes, initially introduced
as a solution to file transfer bottleneck.

Matt Kramer, 20260310 RiceWorkshop GPUSAtND 12
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GPU Jobs Starts
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Abundant source of both CPU and GPU nodes, initially introduced
as a solution to file transfer bottleneck.

Make use of the DUNE Production (m3249) allocation.

- Used 20k GPU hours in the last two months of 2025, made
possible by hours top-up in second week of December (unable

to spend it all).
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b. A h NATIONAL

Training Sets SLAS

SPINE is a supervised model crucially
*NOT™ trained on neutrino interactions

700

It is trained using the DLPGenerator used

in each detector simulation declination o
&
e Multi-Particle Rain (MPR) £
= Single particle gun ¢
Isotropic angle, multiplicity and KE $
sampled uniformly within physical range s & £ B &8 % B B

Francois Drielsma, DUNE AlI/ML CS&BINE 14
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[ NATIONAL
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Po rta bi I ity sl-l%\'\v LABORATORY

SPINE dependencies packaged in an Apptainer/Docker image here

SPINE is tagged and released on PyPI (pypi.org/project/spine)

Each training process yields one inference config + one weight file

e Inference configuration shared through spine-prod (tagged)
o Ships with tagged version of SPINE for reproducibility
o Ships with trivial submit.py for end users (slurm-only for now)

e Weight files (~110 MB per file) hosted publicly
o Tagged, download + chesum for validation by spine-prod

Documentation on ReadTheDocs: spine.readthedocs.io
Francois Drielsma, DUNE AI/ML CE&SPINE

https://hub.docker.com/r/deeplearnphysics/larcv2

http://pypi.org/project/spine/

https://github.com/DeeplLearnPhysics/spifpgod

http://submit.py/ 15
https://s3df.slac.stanford.edu/data/neutrino/spine/weights/

http://spine.readthedocs.io/



https://indico.fnal.gov/event/72868/contributions/333716/attachments/196227/272801/DUNE%20AI_ML%20CS%26C%20-%20SPINE.pdf
https://indico.fnal.gov/event/72868/contributions/333716/attachments/196227/272801/DUNE%20AI_ML%20CS%26C%20-%20SPINE.pdf
https://indico.fnal.gov/event/72868/contributions/333716/attachments/196227/272801/DUNE%20AI_ML%20CS%26C%20-%20SPINE.pdf
https://hub.docker.com/r/deeplearnphysics/larcv2
http://pypi.org/project/spine/
https://github.com/DeepLearnPhysics/spine-prod
https://github.com/DeepLearnPhysics/spine-prod
https://github.com/DeepLearnPhysics/spine-prod
http://submit.py/
https://s3df.slac.stanford.edu/data/neutrino/spine/weights/
http://spine.readthedocs.io/

GPUs on HTC Clusters

Several sites have GPUs available; accessible via usual job submission
commands for IF/CF expts (separate for CMS)

— Simply add --lines="+RequestGPUs=1" to your Jobsub submission.

— As of now, user is responsible for specifying appropriate container (use the
--singularity-image option and make sure the image is available to the worker, usually
via CVMES).

« If using justIN, your job script will need to invoke any additional containers
manually (or bring along any needed GPU libs in a tarball)

— See Andrew’s talk for the details of doing the equivalent in JustIN

HTCondor classads are possible to match if you need a specific type of GPU.
— FermiGrid and several DUNE UK sites have A100s; some on OSG opportunistically
| had successful test jobs at QMUL and Manchester this week
Several advantages to using these resources
— Very little competition for them (i.e. no long queues a la NERSQC)
— No finite allocations!

Have to copy your outputs back like any other grid job

Ken Herner, DUNE Al/ML 2008-11 16
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NERSC and HEPCloud

Perimutter (both CPU and GPU queues) available via HEPCloud for
currently onboarded experiments (includes DUNE)

— Contact the production group for running your campaigns
Rucio storage now working there as well

Triton Inference server setups available

No support for MPI workflows currently within HEPCloud (but we have
very few of these right now); they require direct slurm submit, but we
can do that too.

If you have a larger workflow, Production can probably run it for you!

Ken Herner, DUNE Al/ML 2008-11 17
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Genesis Mission / American Science Cloud

DUNE members involved both in the science demo side and the Infrastructure
Provider side

Several DUNE collaborators involved in a demo scheduled for May (Mike Wang,
Meghna Bhattacharya, others?)

“ Inference as a Service for HEP and NP Data Analysis ”

- Includes a run of “nugraph” on open-release MicroBooNE data

- Larsoft-based SN reconstruction workflow with an ML-based data reduction step at the
beginning.

Staff from the Fermi Data Platform (including S. Timm) involved in demoing access to
the data

(much more details on the physics of the demo in Meghna’s talk coming later).
In general a lot of emphasis on the business of tokenization for Al/ML like structures

18
Steven Timm, 2026Marll aiml talk.pdf
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Al/ML in Data management ops

« Recently, we explored a possible approach to using MCP/LLMs in Rucio and
OpenSearch, could be a potential Al/ML application in Data Management Ops

« MCP (Model Context Protocol) is a standardized communication protocol connecting
Al agents (LLMs) with external tools and data sources, Al can interact with multiple

tools without writing custom code for each.

- MCP Approach Before MCP fter MCP

* Unified interface layer with a
standard JSON specification

* Flow: Host (Al Apps) 2 MCP
Client 2 MCP Server (Data
Source)

« Secure: Enables controlled,
local-first access to sensitive
data

U
.

https://opensearch.org/blog/mtroducing-mcp-in-opensearc /

19
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What do we expect for Al/ML

* More smaller files?

* More instances of many processes reading the same file?

« High I/O workflows? (Num cpu instructions / bytes of 10 ) < 1007
* Perversely random reads?

 Lots of writing of small files?
What is the possible unexpected?

* The questions for us:

* |Is our current data model enough to sustain increasing MC and data
processing for new Al/ML developments?

« How can data management help a FAIR distribution of training data and Al/ML
models within the collaboration?

20



FM: Fine-Tuning Paradigm

FM

(feature encoder)

o O

O
O

—— e m— = == D
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——————————————————————————

Pre-training = big model/compute, shared engineering effort
e Collaboration-wide

e Inter-experimental model (e.g. across DUNE & SBN)

e Genericdetector physics (e.g. LHC/DUNE)

Kazuhiro Terao,
https://docs.google.com/presentation/d/1Hiwdxu92o0yR
z4TBalDIRi6okCOQQ tM2VGslljYmEo/edit?usp=sharing

21



https://docs.google.com/presentation/d/1Hiwdxu92oyR-z4TBalDL-Ri6okCQQ_tM2VGs1IjYmEo/edit?usp=sharing
https://docs.google.com/presentation/d/1Hiwdxu92oyR-z4TBalDL-Ri6okCQQ_tM2VGs1IjYmEo/edit?usp=sharing
https://docs.google.com/presentation/d/1Hiwdxu92oyR-z4TBalDL-Ri6okCQQ_tM2VGs1IjYmEo/edit?usp=sharing
https://docs.google.com/presentation/d/1Hiwdxu92oyR-z4TBalDL-Ri6okCQQ_tM2VGs1IjYmEo/edit?usp=sharing
https://docs.google.com/presentation/d/1Hiwdxu92oyR-z4TBalDL-Ri6okCQQ_tM2VGs1IjYmEo/edit?usp=sharing

Kazuhiro Terao,
https://docs.google.com/presentation/d/1Hiwdxu92o0yR
z4TBalDIRi6okCOQQ tM2VGslljYmEo/edit?usp=sharing

22


https://docs.google.com/presentation/d/1Hiwdxu92oyR-z4TBalDL-Ri6okCQQ_tM2VGs1IjYmEo/edit?usp=sharing
https://docs.google.com/presentation/d/1Hiwdxu92oyR-z4TBalDL-Ri6okCQQ_tM2VGs1IjYmEo/edit?usp=sharing
https://docs.google.com/presentation/d/1Hiwdxu92oyR-z4TBalDL-Ri6okCQQ_tM2VGs1IjYmEo/edit?usp=sharing
https://docs.google.com/presentation/d/1Hiwdxu92oyR-z4TBalDL-Ri6okCQQ_tM2VGs1IjYmEo/edit?usp=sharing
https://docs.google.com/presentation/d/1Hiwdxu92oyR-z4TBalDL-Ri6okCQQ_tM2VGs1IjYmEo/edit?usp=sharing

