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WLCG
Who, Where, and What 
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WLCG is the collaboration providing global computing resources to store, distribute, 

process and analyze the LHC experiments data

WLCG brings together:

● CERN - Operates Tier-0 and provides core services and coordination.

● LHC Experiments (ATLAS, CMS, ALICE, LHCb) - Define computing needs, develop experiment-

specific tools and workflows, and provide operational support

● Computing Centers (Tier-1, Tier-2, Tier-3) - Contribute storage, processing, and operational 

expertise.

● Networking providers (NRENs & partners) - connecting our sites and laboratories world-wide

● Grid infrastructure projects - national and regional collaborations, e.g. OSG, GridPP, NorduGrid, 

EGI, etc. 

● Software developers and technology providers - Build and maintain middleware, data 

management, workflow systems, and other tools.

● Funding Agencies - Provide financial support for resources, infrastructure, and staff.

The WLCG Collaboration
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How does WLCG work

● WLCG is a loosely coupled collaboration, it operates through collaboration and 

consensus, rather than top-down decisions.

● Policies in Memoranda of Understanding (MoUs), activities through Working 

Groups, Task Forces and technical boards.

● Key coordinating bodies:
○ Collaboration Board (CB), Overview Board (OB), Management Board (MB), Ops Coordination, 

Technical Coordination Board (TCB), Open Technical Forum (OTF)

● WLCG Reporting structure:
○ WLCG sessions at LHCC and RRB (through C-RSG)

● Experiments are an integral part of WLCG:
○ WLCG is not something external - it includes the experiments and relies on their active 

participation.

● Preparation for future challenges:
○ HL-LHC requires evolving WLCG’s technology, infrastructure, and collaboration models.
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https://wlcg.web.cern.ch/collaboration/management/collaboration-board
https://wlcg.web.cern.ch/collaboration/management/overview-board
https://wlcg.web.cern.ch/collaboration/management/management-board
https://indico.cern.ch/category/4372/
https://wlcg.web.cern.ch/organisation-boards/technical-coordination-board
https://indico.cern.ch/category/18889/
https://committees.web.cern.ch/lhcc
https://committees.web.cern.ch/LHCRRB
https://wlcg.web.cern.ch/collaboration/management/computing-resources-scrutiny-group
https://wlcg.web.cern.ch/collaboration/management/computing-resources-scrutiny-group
https://wlcg.web.cern.ch/collaboration/management/computing-resources-scrutiny-group
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WLCG Computing Centers
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WLCG in numbers
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65 MoUs, 40+ countries, 150+ sites

● meets the needs of the LHC experiments

● by the integration of globally distributed 

Exascale resources with services and software

● establishing a trust framework that transcends 

site and national boundaries.

WLCG Resources 2025

CPU (cores) ~1.3M 
(~13M HS23)

Disk (PB) ~1.3EB

Tape (PB) ~2.4EB
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Running Cores - last 5 years - all facilities (Grid, HLTs, HPC)
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WLCG Site-Site (FTS - WAN) Transfers - last 5 years
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● Networking is one of the main pillars from which WLCG is built.

https://monit-grafana.cern.ch/d/CIjJHKdGk/fts-transfers?from=now-5y&orgId=20&to=now-14d&viewPanel=11&var-group_by=vo&var-bin=1M&var-vo=atlas&var-vo=cms&var-vo=lhcb&var-src_country=All&var-dst_country=All&var-src_site=All&var-dst_site=All&var-fts_server=All&var-protocol=All&var-auth=All&var-staging=All&var-include=
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Storage from/to WN Data Transfers - a random site 
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● Mostly - but not only!! - LAN

https://monit-grafana.cern.ch/d/FtSFfwdmk/ddm-transfers?from=now-7d&orgId=17&to=now&var-activity=Analysis%20Download&var-activity=Analysis%20Download%20Direct%20IO&var-activity=Analysis%20Upload&var-activity=Production%20Download&var-activity=Production%20Upload&var-activity_disabled=Analysis%20Input&var-activity_disabled=Data%20Consolidation&var-activity_disabled=Deletion&var-activity_disabled=Functional%20Test&var-activity_disabled=Production%20Input&var-activity_disabled=Production%20Output&var-activity_disabled=User%20Subscriptions&var-binning=1h&var-columns=src_cloud&var-dst_cloud=All&var-dst_country=All&var-dst_endpoint=All&var-dst_site=All&var-dst_tier=All&var-dst_token=All&var-exclude=none&var-exclude_es=All&var-groupby=activity&var-include=&var-include_es_dst=All&var-include_es_src=All&var-protocol=All&var-remote_access=All&var-rows=dst_cloud&var-src_cloud=All&var-src_country=All&var-src_endpoint=All&var-src_site=INFN-T1&var-src_tier=All&var-src_token=All&viewPanel=123
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Storage from/to WN Data Transfers - a random site 
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● Mostly but not only LAN

https://monit-grafana.cern.ch/d/000000696/job-accounting-historical-data?orgId=17&refresh=5m&var-bin=1h&var-groupby=adcactivity&var-country=All&var-federation=All&var-resources=All&var-tier=All&var-cloud=All&var-site=INFN-T1&var-computingsite=All&var-nucleus=All&var-cores=All&var-eventservice=All&var-groups=All&var-inputdatatypes=All&var-inputprojects=All&var-outputproject=All&var-gshare=All&var-resourcesreporting=All&var-processingtype=All&var-jobtype=All&var-prodsourcelabel=All&var-jobstatus=All&var-error_category=All&var-container_name=All&var-job_resource_type=All&var-generator=All&var-cpu_architecture=All&var-cpu_type=All&var-es_division_factor=1&var-pledges=CPU&viewPanel=155
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HL-LHC Scalability and 
Technical Challenges
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The HL-LHC Challenges - Data Volume and Complexity
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● Complexity of events pileup

● Data Volume integrated luminosity

https://lhc-commissioning.web.cern.ch/schedule/images/2024/rampup_2023_YETS15weeks_NoIon_MDs.png
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Technical and Operational

● Facilities evolution: planning for future architectures, storage technologies, and 

operational models

● Hardware cost trends: slower cost reductions than expected → pressure on flat budgets

● Data Management evolution: evolving services to tackle the future needs.

● Workflow management: adapting (re-thinking?) orchestration and job scheduling to 

new workflows and new technologies (like K8s)

● Heterogeneous resources: GPUs, HPCs, Cloud - technical, operational, and cost 

● AI: leveraging AI for operations (and physics) while managing complexity and skills gaps

● Cybersecurity: evolving threats and the complexity of modern security models (e.g. 

token transition)

● Networking: scaling bandwidth and resilience across LHCOPN/LHCONE, plus 

flow/packet tagging to improve traffic identification, monitoring, and optimization.

… some more Challenges
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… some more Challenges
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Organizational and Sustainability

● Personpower and expertise: attracting and retaining skilled people is harder; our 

environment is less unique and “sexy” than 20 years ago

● Environmental sustainability: reducing environmental impact

● Adapting to rapid change: WLCG’s size and complexity make it slower to adapt, 

while today’s tech world is fast-evolving → balancing innovation with stability and 

operational reliability

● Coordinating a loosely coupled global collaboration: achieving consensus and 

common plans across diverse stakeholders
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Data Archived at Tier-0 - looking into the future
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https://lhc-commissioning.web.cern.ch/schedule/images/2024/rampup_2023_YETS15weeks_NoIon_MDs.png
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…
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● ..
○ ..

● ....

https://indico.cern.ch/event/1536836/contributions/6754940/attachments/3166567/5627833/TechWatch-HEPiXFall2025v1.pdf
https://indico.cern.ch/event/1536836/contributions/6754940/attachments/3166567/5627833/TechWatch-HEPiXFall2025v1.pdf
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CMS new CPU resource 
estimates
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● …

● …

● …

https://indico.cern.ch/event/1526077/contributions/6773804/attachments/3185228/5667427/GPU@CMS_WLCG_ckk_Dec2025.pdf
https://twiki.cern.ch/twiki/pub/CMSPublic/CMSOfflineComputingResults/cpu_cms2022.png
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Hardware Cost - trend estimate

The cost per unit of processing power (CPU) or storage capacity (Disk) is still 
decreasing, but at a slower rate than in the past and significantly below the (now old) 
baseline expectation of around 15% per year.

Based on the numbers collected in the past years (more info A.Sciaba @ WLCG workshop 2025 ), the 
official numbers for the WLCG estimates of yearly cost reductions in a flat budget 
model were agreed to:

- CPUs (HS23/CHF): (10% ± 5%) yearly increase
- Disk (TB/CHF): (5% ± 5%) yearly increase
- Tape (TB/CHF): (10% ± 5%) yearly increase

.
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https://indico.cern.ch/event/1484669/contributions/6479122/attachments/3062293/5415494/Technology%20Tracking%20WLCG%20-%20v1.0.pdf
https://wlcg-docs.web.cern.ch/boards/MB/Minutes/2025/MB-Minutes-20250617-1.1.pdf
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WLCG
Evolution
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Tackling the Challenges
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● Identify the gaps

● Develop a concrete plan 

→ Technical Roadmap

● Facilitate the coordination 

of stakeholders to 

execute the plan
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The WLCG Technical Roadmap
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● Rationale of the WLCG TR: 
○ To define and agree on our technical ambitions and priorities within the WLCG community, and
○ Demonstrate to reviewers the solidity of our plans and the progress

● A few considerations:
○ The chapters are mostly oriented around technical areas, but within each one have a problem-focused 

approach
○ High-level milestones for each area (important to have also the fine-grained milestones, but should be 

tracked internally)
○ Consideration of major risks, prioritization and any foreseen gaps in effort (no overall personpower 

evaluation).
○ TR is meant to highlight the gaps (and provide a plan to address them), not to detail the status quo → avoid 

repetition of already existing documents (reference to them)

● Outline of the chapters discussed and agreed @ the WLCG Workshop May 2025. 
○ Presented to LHCC in June - positive feedback on the process and the structure.

● Timeline as requested from LHCC: end of 2025 for a draft of some of the chapters. 
Before Summer 2026 for a full draft.
○ Agreed that this Technical Roadmap will be a living document.
○ Milestones will be reviewed once per year (e.g. in the WLCG workshop).

https://docs.google.com/document/d/1NGtjJY_SRa8HZ01DABWwO_sZ7jE10E0NpdA1OXbeVlw/edit?tab=t.0#heading=h.2ogtbca0mgx8
https://docs.google.com/document/d/1NGtjJY_SRa8HZ01DABWwO_sZ7jE10E0NpdA1OXbeVlw/edit?tab=t.0#heading=h.2ogtbca0mgx8
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Operations and Innovation - not an easy balance!
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● Balancing Operations and Innovation is a difficult but critical challenge for long-

term success
○ hyper-focus on either can lead to stagnation or inefficiency

● “What if” we do not have (we are not moving toward) a 

reasonable balance?
○ Over-prioritizing operations may clip creativity and stall progress

○ Over-prioritizing innovation may cause instability and neglect of core 

responsibilities

● How can we balance Innovation and Operations?
○ Align (and prioritize) innovation with our strategic goals, 

○ Adopt phased implementation

○ Foster cross-functional collaboration

○ Dedicate time and resources to innovation!
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Data Challenges
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● DOMA is the place where the (mini) Data Challenges are planned and discussed
○ Bottom up approach! https://twiki.cern.ch/twiki/bin/view/LCG/DomaMiniChallenges

○ CNAF participated in July (CMS stress test with CNAF new disks)

○ Next “big one” foreseen is DC27 (details still to be discussed)

● Very interesting presentation from CMS at the last DOMA General (end of Oct)

https://indico.cern.ch/category/10360/
https://indico.cern.ch/category/10360/
https://twiki.cern.ch/twiki/bin/view/LCG/DomaMiniChallenges
https://indico.cern.ch/event/1604554/contributions/6761292/attachments/3163764/5621963/DC27-Coming%20to%20Network%20Rates-DOMA.pdf
https://indico.cern.ch/event/1604554/contributions/6761292/attachments/3163764/5621963/DC27-Coming%20to%20Network%20Rates-DOMA.pdf
https://indico.cern.ch/event/1604554/contributions/6761292/attachments/3163764/5621963/DC27-Coming%20to%20Network%20Rates-DOMA.pdf
https://indico.cern.ch/event/1604554/contributions/6761292/attachments/3163764/5621963/DC27-Coming%20to%20Network%20Rates-DOMA.pdf
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Heterogeneous Architecture
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● “Nice” Workshop just a few days ago: summary in today’s WLCG MB

● Lots of work ongoing: “The Workshop concluded that while GPU acceleration is a vital 

R&D area across all major experiment workflows”... “no experiment is yet in a position to 

request or accept formal pledges of GPU resources from WLCG federations”. 

https://indico.cern.ch/event/1550771/contributions/6530637/attachments/3192734/5682463/Report%20on%20the%20WLCG%20Workshop%20on%20Heterogeneous%20Architectures%20-%20please%20comment%20before%20or%20after%20the%20meeting.pdf
https://indico.cern.ch/event/1550771/#2-tcb-report
https://indico.cern.ch/event/1550771/contributions/6530637/attachments/3192734/5682463/Report%20on%20the%20WLCG%20Workshop%20on%20Heterogeneous%20Architectures%20-%20please%20comment%20before%20or%20after%20the%20meeting.pdf
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“I would like to help …” non exhaustive list 1/2
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● DOMA - planning (a-la CMS!) and running (mini)DataChallenges

● Support the work to define the useful metrics needed to monitor and account 

GPU. Benchmarking Working Group

● TechWatch Working Group: cost estimates, including GPUs

● Heterogeneous resources diagram. What are the analysis facilities for you?? I am 

still not sure! 

https://indico.cern.ch/category/1806/
https://indico.cern.ch/category/10621/
https://indico.cern.ch/category/10621/
https://docs.google.com/presentation/d/15stjG0YOUpzNr4pjBVCqOBsH8rEIgv0d/edit?slide=id.g3af8bd6bd2a_0_0#slide=id.g3af8bd6bd2a_0_0
https://docs.google.com/presentation/d/15stjG0YOUpzNr4pjBVCqOBsH8rEIgv0d/edit?slide=id.g3af8bd6bd2a_0_0#slide=id.g3af8bd6bd2a_0_0
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“I would like to help …” non exhaustive list 1/2
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● WLCG Technical Roadmap: 
○ Facility Evolution (chapter 2) , Workflow management (chapter 5) and new Architecture (chapter 8) 

would benefit of more engagement

● Facility Evolution: sharing the experience is very important - HEPiX

● IAM: CNAF is playing a leading role in IAM development, thanks! Still the 

Transition to Tokens is not yet done.

● Sometimes They Come Back: Operational Intelligence. Can this be impactful for 

us, exploiting the tools now available? 

https://indico.cern.ch/event/1566094/timetable/#39-operational-intelligence-fo
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“I would like to help - what can I do?”
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https://indico.cern.ch/event/1505384/timetable/?view=standard
https://indico.cern.ch/event/1505384/timetable/?view=standard
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It’s going to be fun!
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Grazie mille per l’invito!
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EXTRA
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E-Groups & Indico Categories

There are 3 relevant CERN e-groups:

● wlcg-technical-coordinators (to contact Ale & James)

● wlcg-technical-coordination-board

● wlcg-open-technical-forum (open to self-subscription, please join!)

and two new Indico categories (both public):

● WLCG Technical Coordination Board: https://indico.cern.ch/category/18888/

● WLCG Open Technical Forum: https://indico.cern.ch/category/18889/

The GDB e-groups will eventually be archived but for now we are also using project-

lcg-gdb to publicize the OTF meetings.

30

https://e-groups.cern.ch
https://e-groups.cern.ch
https://e-groups.cern.ch
https://indico.cern.ch/category/18888/
https://indico.cern.ch/category/18889/
https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=145181&AI_USERNAME=JLETTS&searchField=0&searchMethod=1&searchValue=gdb&pageSize=30&hideSearchFields=false&searchMemberOnly=false&searchAdminOnly=false&AI_SESSION=6CA0766DAA12D7065A3512182779D477
https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=145181&AI_USERNAME=JLETTS&searchField=0&searchMethod=1&searchValue=gdb&pageSize=30&hideSearchFields=false&searchMemberOnly=false&searchAdminOnly=false&AI_SESSION=6CA0766DAA12D7065A3512182779D477
https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=145181&AI_USERNAME=JLETTS&searchField=0&searchMethod=1&searchValue=gdb&pageSize=30&hideSearchFields=false&searchMemberOnly=false&searchAdminOnly=false&AI_SESSION=6CA0766DAA12D7065A3512182779D477
https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=145181&AI_USERNAME=JLETTS&searchField=0&searchMethod=1&searchValue=gdb&pageSize=30&hideSearchFields=false&searchMemberOnly=false&searchAdminOnly=false&AI_SESSION=6CA0766DAA12D7065A3512182779D477
https://e-groups.cern.ch/e-groups/Egroup.do?egroupId=145181&AI_USERNAME=JLETTS&searchField=0&searchMethod=1&searchValue=gdb&pageSize=30&hideSearchFields=false&searchMemberOnly=false&searchAdminOnly=false&AI_SESSION=6CA0766DAA12D7065A3512182779D477
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TR - Chapters 1 & 2 
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https://docs.google.com/document/d/1NGtjJY_SRa8HZ01DABWwO_sZ7jE10E0NpdA1OXbeVlw/edit?tab=t.0
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TR - Chapters 3, 4 & 5
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TR - Chapters 6 & 7
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TR - Chapters 8 & 9
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Focus on: Capabilities, Interests and Needs

35

The WLCG Technical Coordination Board

https://indico.cern.ch/event/1506798/
https://indico.cern.ch/event/1356246/contributions/5710251/subcontributions/508765/attachments/2938889/5181567/240902%20-%20WLCG%20TCB%20draft%20mandate.pdf
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…
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● Where do we need more help

● Mini data challenges. Take Katy Ellis presentation can someone engage in this 

specific activity? It requires punctual help, give large breadth of understanding, but 

yes, it’s work. DOMA meeting, twiki

● Evolution of facilities (chapter 2 facility evolution). We are a bit in trouble here. It is 

not clear how and where all the different FAs will go, which per-se is not an issue

● Root workshop some R&D ideas

● Heterogeneous Arch Workshop, notes, draft report to MB

● Analysis infrastructure: PhD half and half? Federated Identity as entry point for 

Analysis Infra? Sharing GPUs?

https://indico.cern.ch/event/1604554/contributions/6761292/attachments/3163764/5621963/DC27-Coming%20to%20Network%20Rates-DOMA.pdf
https://indico.cern.ch/event/1556884/contributions/6555889/attachments/3097116/5486919/c_020725.pdf
https://twiki.cern.ch/twiki/bin/view/LCG/DomaMiniChallenges
https://docs.google.com/presentation/d/1y9ngukywZl6K9pSzTQip_mdElcbLplKTnawoyJr-R4U/edit?slide=id.p#slide=id.p
https://docs.google.com/presentation/d/1y9ngukywZl6K9pSzTQip_mdElcbLplKTnawoyJr-R4U/edit?slide=id.p#slide=id.p
https://indico.cern.ch/event/1526077/timetable/
https://indico.cern.ch/event/1526077/timetable/
https://docs.google.com/document/d/12cEgRIsyEZr9bkDucA_d7G8OO77qnHPAdrLRr7zFREI/edit?tab=t.857rv09rnuf0
https://docs.google.com/document/d/1vLVGSgNyoFbnobBOXJzjJ5Js6vO5tW6naWL5KggIuZc/edit?tab=t.0
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