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WLCG Workshop on Heterogeneous Architecture

• Took place at CERN
• December 3-5, 2025

• Indico
• https://indico.cern.ch/event/1550771
• Detailed Live Note

• Summary of the Live Notes

• 161 participants
• Experiments

• Federations/Sites

• WLCG management

• Goal 
• Understand the current status of the code and 

workflows that can run on GPUs in WLCG
• identify commonalities and differences
• estimate the fraction of workflows that can 

run on GPUs

• (Re)discuss the needs of the experiments
• how to evolve from today’s small-scale use to 

scalable, production-level integration in WLCG 
• including if and when pledges for GPUs could 

be accepted or required

• Discuss on (agree?) the next steps towards 
a workplan for 
• benchmarking, performance, cost 

effectiveness, provisioning, and integration of 
GPUs into WLCG

• Next steps for the short (this coming year), 
medium (next 2-3 years) and long (ready 
for HL) term
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Conclusion spoiler…

• The Workshop concluded that GPU acceleration is a vital R&D area 
across all major experiment workflows
• Event generation
• Simulation
• Reconstruction
• Machine learning

• However…..
• no experiment is yet in a position to request or accept formal pledges of 

GPU resources from WLCG federations.
• This status reflects the expected, ongoing nature of code development 

and R&D ahead of Run 4. 

• It was noted that given that the process for requesting resources for 
the beginning of Run 4 (the first full year being 2031) begins a couple 
of years earlier, code bases and computing models are expected to be 
finalized by that time

• Defining firm resource needs requires the completion of several 
prerequisites, such as
• the full integration of production workflows into the benchmarking suite
• clearer finalization of computing models. 

• Progress in these areas is foreseen and actively driven between now 
and the start of Run 4
• With ATLAS and CMS foreseeing being able to offload 15% or less of their 

wallclock time of processing to GPUs by the start of Run 4
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HEPScore for GPUs

• Testing HEPScore: 
• Experiments and Federations 

are testing the existing 
HEPScore for GPU benchmark 
suite

• focusing now on the GPU part 
of nodes

• the ultimate goal is whole-
machine benchmarking 

• Measurement of the relative 
performance of different GPU 
vendors’ models seems 
possible even now, and may 
help guide initial GPU 
deployments by federations in 
early LS3 

• This work is ongoing now and 
will hopefully continue
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Experiment Readiness
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Experiment Readiness - 2

• Offline Experiment Code for GPUs: Experiments are making 
updated code available for inclusion in the development 
version of HEPScore for GPU as it becomes available

• We agree that we should remain open to supporting 
different vendors’ GPU models e.g. AMD.

• Open Question: discussion on the expectation 
towards facilities to enable the ~15% of GPU 
offloading by the experiments? 
• how much is the 15% dependent on what facilities 

provide during the time leading up to Run4? 

• this is to get an idea of what sites need to plan for in 
terms of investment in hardware, platforms, or 
services during LS3 to enable the offloading
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More Open Questions
• What are the resource needs for ML 

training and do they need to be provided by 

specialized ML training facilities or can HPC 

allocations, university clusters, or national 

platforms fulfill these needs?

• Quantify (when possible) what GPU capacity 

will be available on experiments’ (new or 

previous) HLT farms and their availability 

for offline use?



ARM
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@ATLAS

In general….ARM is a 

solved case

@CERN



Software Readiness
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Resource Requirements

• Understanding Resource Requirements
• In the context of the broad classes of 

workflows:
• “traditional” GPU calculations
• ML inference
• ML training
• and physics analysis

• Understanding the memory and CPU-to-GPU 
ratio requirements

• performance and scalability of different 
deployment or provisioning models
• “traditional”
• IaaS
• floating-point precision needs. 
• Note that the different GPU provisioning models 

were not seen as contradictory, especially as they 
may serve different use cases, and when 
considering eventual large physics models (LPMs) 
which were seen to be too big to be hosted on 
single nodes. It was also discussed that we have 
to be very careful in not relying on opportunistic 
resources (like HPC) for critical activities.
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Workflow Management

• Workflow Management: R&D 
needed to evolve WM systems 
to consider efficiently co-
scheduling CPU and GPU 
workflows 
• According to the application

• simulation, reconstruction, but 
also inference and training

• handling partitionable GPUs 
(such as with MIG) and 
checkpointing (e.g, training and 
HPO)

• WLCG Information System
• Discovery and advertising of 

heterogeneous resources as well 
as an agreed-on description 
schema was seen as needing a 
proposal for an improved WLCG 
information system. 

• The inherent heterogeneity 
itself (GPU models, CUDA driver 
versions, etc.) was seen as a 
challenge with respect to job 
failures, compilation difficulties, 
portability of code bases, etc.
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Monitoring & Accounting

• Monitoring: Understanding 
how to improve monitoring 
the occupancy and 
performance of GPUs.

• Accounting: Based on 
improved monitoring, 
Improving the accounting of 
GPU performance and 
utilization
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Cost Evaluation
• Cost Estimates:

• it would be useful to establish shared cost predictions for GPUs
• could be done in the context of the HEPiX TechWatch working 

group. 
• to guide WLCG federations in optimizing multi-year funding 

requests and procurements

• Total Cost of Ownership: It is important to understand the “total cost of 
ownership” of GPUs 
• power consumption,

• GPU lifecycle, 

• failure rates

• embedded carbon. 

• While not discussed during the Workshop, the work of both the WLCG Sustainability Forum and 
the HEPiX TechWatch Working Group could be very important here.
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From the Sites
• we need a way to pledge GPUs - it all comes down to money”

• It was discussed if having a (good) accounting of the resources could be 
enough for the next FAs’ funding round
• if it comes in the next couple of years

• GPUs available in several sites, how to access them is still not an easily solvable 
problem - different solutions

• In sites like e.g. Manchester there are GPUs available on the Grid since 2018, 
but only occasionally used - users prefer accessing GPUs locally. Similarly for KIT

• We observe that there is still a gap between the experiments needs - as of now 
they don’t see the need to pledge GPUs, the estimate of required GPUs for 
Run4 is relatively small (topping at 10-15%), the facility observations - GPUs are 
available, there is spiky usage, but overall the usage is not more than 50%, and 
users - maybe we hear only the vocal ones but there is still the impression that 
there are not enough GPUs available. - we are working to define a plan to make 
these views closer together
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Education and Training

• Education and Training: 
• Providing training and education to enable better matching of 

user needs (e.g, interactive GPU access) with initially deployed 
resources 

• documenting how to use GPU resources on HPCs for training ML 
models with non-experiment-supported workflow submission 
systems
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