
The Worldwide LHC 
Computing Grid

Tommaso Boccali - INFN Pisa/CERN

1



What is the WLCG?

2

● The Worldwide LHC Computing Grid is the global 
distribute infrastructure which collects, stores 
and processes the data/simulations relevant for 
the LHC Experiments at CERN

● It is a result of a long series of projects from the 
late 90s, which designed a Tiered Distributed 
Model for the experiments

ALICE

ATLAS

CMS

LHCb



Typical numbers
● LHC collides proton beams @ 40 MHz (every 25 ns)
● Each collision is typically 1-10MB
● Experiments permanently select these @ 10-50 kHz via a selection 

process
● Every year data taking for ~ 6e6 seconds

🡪 every experiment needs ~ 200k-500k CPU cores 24x7 and some ½-1 
Exabytes each
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Which is the status of WLCG today?
The LHC computing systems, since their initial configuration, have evolved 
“adiabatically” by large factors, in all the resource categories. With no 
interruption (computing does not have LSs)!

Data challenge @ 
50% of HL-LHC

CPU, Data Transfers
Tape, Disk
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IHEP/ China sites

● A Tier-1 for the LHCb experiment (approved: 2024)
● Tier-2s for all the 4 experiments
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MoU signed in 2006
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Long term LHC activities
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Which are the WLCG ongoing activities
1. Support the data taking (up to the end of 

Run3)
a. Priority #1 is the safe storage of collected data

2. Support analysis activities
a. Monte Carlo production
b. (Re) processing + (re) calibration
c. Analysis workflows

3. Prepare for next Run(s)
a. Design and approval of ATLAS and CMS 

computing models
b. Test via challenges
c. Evolve the Collaboration

Increased relevance as we 
step in LS3



WLCG Strategy 2024-2027
At the end of 2024, a strategy document 
was approved by the WLCG Overview 
Board, with strategic goals for a period of 4 
years

36 targets defined, categorized into

OPS, TECH, FIN, INFRA, REL, SOFT, GOV, 
ENV, RISK, IMPACT
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https://zenodo.org/records/12623280
https://zenodo.org/records/12623280


A selection of the targets
● TECH-3: WLCG to produce a technical 

roadmap for the ramp-up to HL-LHC in 
time to be useful for the start of Run-4.

● INFRA-12: WLCG to follow and 
accommodate the national plans related 
to consolidating facilities, particularly 
where aimed at reducing complexity.

● REL-5: WLCG to look for synergies with 
the national and international initiatives 
developing large scale computing 
infrastructures.
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A selection of the targets
● TECH-3: WLCG to produce a technical 

roadmap for the ramp-up to HL-LHC in 
time to be useful for the start of Run-4.

● INFRA-12: WLCG to follow and accommodate 
the national plans related to consolidating 
facilities, particularly where aimed at 
reducing complexity.

● REL-5: WLCG to look for synergies with the 
national and international initiatives 
developing large scale computing 
infrastructures.

Discuss, converge on and socialize 
the roadmap which brings us to the 
HL-LHC running in 2030.
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A selection of the targets
● TECH-3: WLCG to produce a technical 

roadmap for the ramp-up to HL-LHC in 
time to be useful for the start of Run-4.

● INFRA-12: WLCG to follow and 
accommodate the national plans 
related to consolidating facilities, 
particularly where aimed at reducing 
complexity.

● REL-5: WLCG to look for synergies with 
the national and international initiatives 
developing large scale computing 
infrastructures.

The computing landscape is in rapid 
evolution, with fast changing global, 
continental and national plans 

AI factories, HPCs, Data facilities, ...

Many countries are attempting 
harmonization efforts between the 
various computing needs and facilities, 
and these can involve our WLCG centers. 
We need to be vigilant and be ready for 
opportunities.
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A selection of the targets
● TECH-3: WLCG to produce a technical 

roadmap for the ramp-up to HL-LHC in 
time to be useful for the start of Run-4.

● INFRA-12: WLCG to follow and 
accommodate the national plans related 
to consolidating facilities, particularly 
where aimed at reducing complexity.

● REL-5: WLCG to look for synergies with 
the national and international 
initiatives developing large scale 
computing infrastructures.

When (W)LCG started, HEP computing needs far 
surpassed any other science. We built a 
“standalone” system, which eventually 
succeeded and is largely still with us.

The landscape is changing: scientific initiatives like 
SKA, DUNE, Next-generation Gravitational 
Observatories and more have computing needs 
of the same order of magnitude as HEP.

Avoid reinventing the wheel (*) and invest in 
common hw/sw infrastructures. And: execute 
common challenges.

As of today, Belle-2, Virgo, Juno and DUNE are 
“associated members” in WLCG.

(*) a long list of wheels: data management, workload management, 
Authorization and Authentication, Security, Simulation engines, 
Data Analysis, AI tools, ….
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Since 2025 – the new cost of hardware is a problem
The cost of (WLCG) computing depends on the tension between multiple factors

1. The needs from the experiments 
○ Increasing with time: 1029-1034 cm-2s-1; 100 Hz → 10 kHz; ALICE and LHCb Upgrades in Run3, …

2. The evolution of the generation/simulation/reconstruction/analysis software stacks
○ Optimized software (better compilers, faster algorithms, AI, …)
○ More complex software (increased physics performance, higher order generators, …)
○ Smaller and more analysis-oriented data formats

3. The cost of “unitary resources” (1 TB of disk, 1 TB of tape, 1 HS23 of CPU)
○ Generally decreasing with time
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Strategies
● 2026 is safe (we knew it) and plans for 2027+ are being built

○ In more than one case, given the low increases, 2027 resources are already secured
○ 2028 looks complex, at least on paper

● Price trend is consistent with the plots, with extremes at +0% and over +100%
○ But procurements are small, due to (1) 2026/2027 increases and (2) tendency to delay
○ Not clear which would have been the outcome of large procurement actions

● Strategies reported by the sites include
○ Extending the lifetime of machines [using decommissioned systems as cold spare / extending the 

warranty]
○ Trying different procurement strategies [multi-year contracts and larger contracts, including 

more centers / different users]
○ Trying to use external resources (HPC systems, Universities, shared national facilities)
○ Experiments: try and use heterogeneous resources (more abundant?)
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Heterogeneous Resources
● LHC computing was designed as a very 

homogeneous system, based on Linux + 
the Intel x86 architecture

● The system we are running 20+ years 
later is much more heterogeneous

○ ARM CPUs and GPUs are more and more 
becoming part of the game

○ AI will need access to optimized resources
● 3 experiments out of 4 already use GPUs 

in trigger systems; all plan a larger 
utilization in future Runs

● Implications:
○ Experiments Software needs to be rewritten 

(how many times?)
○ Computing centers need to follow the needs 
○ Tools need to be written (benchmarking, 

provisioning, accounting, …)

Follow-up: WLCG/HSF 
Workshop in 2026

[Save the date: Bologna, 
Nov 2nd-6th]
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https://indico.cern.ch/event/1526077/timetable/
https://indico.cern.ch/event/1526077/timetable/


Heterogeneous computing
● At the last 2+ LHCCs, experiments 

were requested to show their plans 
towards the utilization of 
Heterogeneous Resources (can also 
mean different CPU architectures, 
but the focus now is on GPUs)

● A topic of interest also at the last 
RRB

● Experiments have shown consistent 
progress: generators, (full and flash) 
simulation, reconstruction
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https://indico.cern.ch/event/1646928/


In perspective ….
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1 recent core ~ 20 HS23



Access to HPC-level resources
● HPC systems are more and more ubiquitous, in some parts of the world 

more than in others (!)
● Are there FA-level plans to use HPC facilities for WLCG computing? 
● Are there opportunities to get R&D-level or production-level 

allocations in local HPC centers?
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Opportunities for collaboration on WLC/Computing 
(on top of standard operations)

● Specific R&Ds with the experiments

● Give access to opportunistic country-level resources 

● Participate to WLCG technical development – roadmap to be published in 
the Fall

● Increase the scope (e.g., serve as a Tier-1 for more experiments)
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