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Introduction: Status of the experiment and 2026 plans
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With respect to the TDR, LHCb data-taking was 8000
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Disk stores data to be processed by physics WGs ~o— Pledge ~8—TDR  ——Used
. . . esaes Pledge evolution (x1.2)
during the year (staging campaigns last months).
As per TDR, analysis activities (including simulation)| _ W"?'ﬁ? .
o Fixed some issues with the new detector in 2024,
are delayed wrt. acquisition by 0.5/1 year. 2025 data taking is now proceeding at full steam!
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Introduction: Status of the computing fundings in 2025

Italy
United Kingdom

Compute: CPU

CERN - aEESSSSESSS (Tier-0 not shown)

China

France

United States
Switzerland
Spain
Germany
Latin America
Poland
Netherlands
Romania
Sweden

Australia

Hungary -
Ukraine -
Ireland A

Russian Federation

Good funding round in 2025: Pledges = requests!
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Warning on UK 2026 funding round (for DISK)
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The CNAF-Storage saga...

Efficiency

Multiple mitigations put in place
by Storage in 2025 [, e gd TN

-9

60% . ’

100% @ -8 o—

N2 CNAF DISK
— CNAF
TAPE

40%

Still some serious operational

Migration away
from Huawei

issues due to undersizing of the 20%

Storm-WebDav
crashed by too
intense reading

Migrations @1.2 GB/s
<1.72 GB/s in 2021

setup for data-transfers. 0%

01/01 01702  01/03

01/04

01/05 01/06 01/07 01/08

Max. bandwidth < expected
40 GB/s / 18 PB < 5 MB/s / job

Attempt using nVME for critical access presented at
The total achievable throughput from nVME is lower than from HDD.

GGUS:1000269 (2025-08-06)
GGUS:682599 (2025-03-11)

GGUS:681921 or GGUS:169555 (2025-01-30)
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Few 1000s files corrupted usually due to local
network issues or FS overload.

POSIX access bypasses checksum verification,
preventing prompt discovery and intervention
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https://docs.google.com/document/d/1rUhHdhlSgpU_Doam3Muox9XxnPQJEmqaf5_ZtzWsI5E/edit?tab=t.0#heading=h.k7c6yk8d274t
https://helpdesk.ggus.eu/#ticket/zoom/1000269
https://helpdesk.ggus.eu/#ticket/zoom/2732
https://helpdesk.ggus.eu/#ticket/zoom/2022/7047
https://ggus.eu/index.php?mode=ticket_info&ticket_id=169555
https://agenda.infn.it/event/45424/contributions/263513/
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Difficult operations — slight under-usage of storage

* but most of 2025 data is still in Tier-0 buffer or to-be acquired

LHCb-Disk fileset quota vs used LHCb-Tape fileset quota vs used

Buffer-in-front of tape

15 PB

1PB

10 PB

S e 500 TB
" DISK for data processing

0 kB 0 kB
03/01 04/01 05/01 06/01 07/01 08/01
Name Last* Name
== (uota 14.6 PB == (uota

== used 8.59 PB - used

TAPE

0GB
03/01 04/01 05/01 06/01 07/01 08/01

Name

== used 29.5PB 0
2024-1 2025-02 2025-05 2025-08

== pledge 32.9PB S
== htc == pledge == assigned
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Lucio Anderlini

2026 Requests 2026
PhDlent| % 2024 2025 2026

Australia 4/ 06 (IN FN share \ LHCb RRB RRB 2026 req./  C-RSG
Brazil 21 3.2 approved Fledged Heed approved Pledged Feauiest 2025 RRB recomm.
CERN 65| 10.0 Tier0 174 174 468 283 283 344 122% 344
Chile 2l 03 %_.. RRB: 18.3% Tierl 572 692 952 928 856 1127 121% 1127
e , Tier2 319 356 514 518 535 629 121% 629
s 43 78| used for CPU & DISK OP CPU i 1065 1222 193 || 1729 1674 || 2100 _ 121% 2100
Colombia 2 03 LT 316
Costa Rica 5[ 08 Others 94 c[nN'BHB'2025'009
Czech Republic 1] 02 % Tierl: 25.9% Tier0 306 306 272 549 549 70.9 129% _ 70.9
France CEA 5| 08 . Tierl 61.2 57.9 66.7 89.9 82.7 107.1 119% 107.1
France IN2P3 45| 6.9 Used for Tape Overpledge Disk |, 11.8 7.9 5.3 174 152 20.7 119% 207
Germany BMBF| 39| 6.0 Total 103.6 9.4 992 || 1622 1528 | 1987 123%  198.7
Germany MPG 2| 03 %.__ CRIC: 16.9% Tier0 1174 1174 94.6 1704 1704 202.2 119% 2022
iy il FTE Pled Tape |Tier1 1333 1422 1118 || 1948 1642 || 2337 120% 2337
oy g \Used for: Fleages ) Total 250.4 2593 2064 || 3652 3346 || 4359 119%  435.9
Italy 119 18.3

$ i 4 Pledge 25 | Overpledge "25 Total “25 Request “26 Increment Increment
Netherlands 20

Poland YR CPU T1 156.800 HS23 | 16.736 HS23 173.536 HS23 | 206.241 HS23 | 32.705 HS23 | 261.640 €
Romania MR CPU T2 87.500 HS23 0 HS23 87.500 HS23 | 106.301 HS23 18.801 HS23 | 150.408 €
Spai 37| 5.7

— NELGEEIrE 18.100 TB 1.711 TB 19.811 TB 23.387 TB 3.576 TB 357.600 €
Sweden 3 05

Switzerland IRl TAPE T1 32.900 TB 19.112 TB 52.012 TB 60.528 TB 8.516 TB 68.128 €

Istituto Nazionale di Fisica Nucleare — Sezione di Firenze
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https://docs.google.com/spreadsheets/d/1Zh0FCOdWZEInB9p5UD4N6Riz7YDzenhb/edit?gid=1526186748#gid=1526186748
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Assuming the same strategy as for 2025

Pledge 26 Increment Increment Overpledge '26 Increment Increment
CPUT1 190.463 HS23 33.663 HS23 |269.304 € 15.778 HS23 -068 HS23 | -7.664 €
CPU T2 106.301 HS23 18.801 HS23 150.408 € 0 HS23 0 HS23 0 €
DISK T1+T2 21.598 TB 3.498 TB 349.800 € 1.789 TB 78 TB 7.800 €
TAPE T1 39.495 TB 6.595 TB 52.760 € 21.033 TB 1.921 TB 15.368 €
[ Total: 837 776 € ]

1. Assign 2026 pledges based on %_._ CRIC (16.9%)
Assigned overpledges may be included as notes in CRIC as well
3. Overpledge extension especially significant for TAPE: +1.9 PB
(decision could be postponed to make this available, if needed, in fall 2026)
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Remarks

7

.

At the end of 2024, it was decided that the Tier-2
CPU is not over-pledged.
So the CPU over-pledge is limited to the Tier-1 quota.

J

( 1 PB of disk overpledge will be installed in 2025 Q4. )

Referaggio Calcolo e Proposta di Bilancio Tier-1 per il 2025
Ottobre 2024

Comitato di Referaggio:
D. Bonacorsi (BO), T. Boccali (PI). G. Carlino (NA, chair), L. Cosmai (BA). A. De Salvo (RM1),
F. D1 Pierro (TO). M. Duranti (PG). D. Elia (BA). B. Giacobbe (BO). V. Ippolito (RM1).
M. La Cognata (LNS). A. Lonardo (RM1). M. Pepe (MIB). S. Pirrone (CT)

Questo documento riassume le richieste per le attivita di calcolo al Tierl e a1 Tier2 nel 2025 degl
esperimenti delle cinque Commissioni Scientifiche Nazionali approvate dal comitato di referaggio
nel mese di Ottobre/Novembre 2024. L’approvazione ha fatto seguito ad un percorso di discussione
e confronto tra il comitato di referaggio. 1 responsabili del calcolo degli esperimenti e 1l management
del CNAF. avviato a Giugno 2024.

Il comitato di referaggio ha discusso anche della richiesta alle Agenzie Finanziatrici da parte di
WLCG di fornire risorse (eventualmente anche extra-pledge) per coprire le esigenze supplementar
causate dall’uscita dei Tier-1 Russi a seguito della crisi internazionale legata al conflitto Russia —
Ucraina.

Per 1 dettagli delle nichieste s1 vedano le presentazioni alle runioni di bilancio delle Commissioni
Scientifiche di bre o la presentazion er 1va alla riunione di bilancio del CNC d1 ottobre.

[ The WLCG suggests the tape buffer should not be subtracted to experiment’s budget.
Since 2024, LHCb devoted 1 PB of disk storage to write buffer to mitigate under-sized
migration throughput.

——

Clarification on tape buffers

WLCG Management Board Nov. 26th, 2024

® 5m

Relatore: Simone Campana (cern

X

o e
a== Tape buffers are NOT part of the pledge, but rather part of the tape infrastructure (together with e.g. tape drives, tape libraries, ...).

This is under the assumption that the buffer is used only to move data in and out of tape and not as a disk storage for data

processing.

Lucio Anderlini Sept. 2025
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https://indico.cern.ch/event/1356247/#3-wlcg-service-report
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Risk analysis: what if...

.. LHCh runs out of CPU

Increased pressure on the
analysts to adopt Fast
Simulation techniques.

Reduced statistics for the
simulated samples, possibly
affecting systematic
uncertainties.

Reduced publication rate
(results queued and delayed)

- J

4 )

.. LHCh runs out of DISK

Buffers get limited,
operations more difficult,
reprocessing more frequent.

De-prioritization of data
selections, analyses postponed
to future processing rounds.

Data parking: entire trigger
streams are parked to tape to be
analysed during LS3.

- J

.. LHCh runs out of TAPE

Pressure on the Tier-0 buffer
during data taking.

Reduced HLT2 output
bandwidth to cope with
missing long-term storage.

Physics descoping.
Analyses whose data don’t fit
tape storage are cancelled
from the LHCb program

- J

Lucio Anderlini Istituto Nazionale di Fisica Nucleare — Sezione di Firenze

Sept. 2025
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Focus on the CPU

CPU is generally easier to procure than storage (e.g. in Tier2/HPC).
It is also the least critical resource to the data processing.
Still, it is the most expensive resource billed to funding agencies.

CPU is mostly used for Simulation.

LHCb has been working on faster simulation options for years, developing:
The cost per “event complexity” decreased over time thanks to optimization campaigns

e Detailed Simulation (2500 kHS23.s/event for Run3 =~ 2x cost for Run 1)
® ReDecay Fast Simulation (120 HS23.s/event for Run3 < cost for Run2 < cost for Run 1)
® Generator-only simulation, completed parametrically (O(10) HS.s/event)

Even if most of the events are obtained by ReDecay, Detailed Simulation dominates the cost.

At some point, Simulation became so fast, that we introduced “Filtering” to discard the
simulated events not passing the trigger/offline selections to save on storage.

AR Today, the plethora of Simulation type is so wide that
&/ it is becoming difficult to predict the overall cost of a production before launching it.

Lucio Anderlini Sept. 2025 Referaggio del Calcolo INFN — LNF, 3-4 settembre 2025
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An effort towards a better monitoring with INFN Cloud

Following the recommendations from the c-RSG, LHCb has established an Offline
Resources Task Force (ORTF) with the mandate of understanding, modelling and projecting
the resource usage, by leveraging several “dashboards” (mostly static daily reports).

A new interactive dashboard focused on Simulation is being developed on INFN Cloud,

using Cloud-Native technologies: e ™\
. . . Upon C3SN blessing,
® Kubernetes for service deployment and job scheduling .
a possible use-case for a managed
® CERN SSO (OIDC issuer) Kubernetes cluster within INFN Cloud.
® ClickHouse for interactive DB queryin
J 9 y g Resources

® Grafana for the actual dashboarding Services: 4 vCPU + 20 GB memory

® S3 for collecting dumps of the Dirac DB (+ K8s masters if self-managed)
Nightly jobs: 8 vCPU + 32 GB memory

Gtorage: S3 bucket w/static credentiaISJ

Currently hosted in a playground deployment in Al_INFN tenancy of Cloud @CNAF
Referaggio del Calcolo INFN — LNF, 3-4 settembre 2025




Richieste di calcolo all'INFN per il 2026

An effort towards a hetter mnnltormg with INEN Cloud

Q Grafana Home > Dashboards > Simulation: usage
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13

Lucio Anderlini
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Lamarr Flash Simulation as a Flagship of ICSC-Spoke 2

Several parametric-simulation options exists in LHCb.| # terovit &% | &2 | sau | cvecs
SWARM Sim

Scalable Workflows for Al-powered Radiation-Matter Simulation

INFN contribution:

PoC integration: Status Update (MS10)
Settembre 2025

solutions tightly integrated within Gaudi

« Experience with HPC and Cloud:

[ am an active member of the LHCh.
Statistical Data Analysis and large-s

j italiadomani XOCS

In particular, Lamarr: setting challenging

prepar bpoke 2 use cases

requirements in terms of training/deployment tepsmme s

focus on Kubernetes-based cloud-n:

Definition and workflow document

My software development portfolio e

infrastructure and MLOps. T

environments and HPC infrastructy

Advanced Machine Learning

Flash Simulation and bleeding edge applications

While developing the Flash Simulation, LHCb is e )

enthusiastically contributing to the evolution of the ,,,,,m S

INFN Computing landscape R R
(Spoke2, Spoke 0 and TeRABIT) e R e

Lucio Anderlini Sept. 2025 Referaggio del Calcolo INFN — LNF, 3-4 settembre 2025 14
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Training and transpilation of a GAN from GitHub Actions on Leonardo via InterLink.

— O LamarrSim / Ib-pidsim-train

<> Code % Pullrequests 1 (® Actions [ Projects [0 Wiki () Security |~ Insights 83 Settings

€ Trair

@ Setting up GitHub actions for model validation #13

() Summary

5 Annotations

@ pid-2016MagUp-Sim10b
@ plan
@ train-and-validate

@ compress-transpiled-c

v @ Setupjob
Q compile (ubuntu-latest, x86_64 v2, ...

1 Current runner version: '2.326.0"

0 compile (ubuntu-latest, x86_64 v2, ... 2 Runner name: 'aiinfn-lamarrsim-gpu-dt6gr-runner-zvroh' L d d

Q compile (ubuntu-latest, x86_64 v2, ... 3: SRunner:’ group; name.: ! defanlt _ e O n a r 0 n o e
4 Machine name: '1rdn2513" ~J

O compile (ubuntu-24.04-arm, armv8... 5 » GITHUB_TOKEN Permissions

Secret source: Actions

Q release Runner is running behind proxy server ‘http: terconnect-1.leonardo * for all HTTP requests.
11 Runner is running behind proxy server ‘htt ect-1.leonardo * for all HTTPS requests.
Run details 12 Prepare workflow directory
Prepare all required actions
@ Usage 14 Getting action download info
(r:j Workflow file 15 Download action repository 'actions/checkout@v4' (SHA: 27e820071cde6df 55)

| Download action repository 'landerlini/apptainer-gha-runner@main® (SHA:4d67accb2d@c7a7dflcff40fal53f4c142a1239b)

17 Download action repository 'actions/upload-artifact@v4' (SHA:eal65f8d65b6e75b540449e92b4886F43607a02)

18 Getting action download info

19 Uses: LamarrSim/release-models/.github/workflows/release.yaml@refs/heads/main (1005dd@9ef33d7ebf563decaeda34e538787dd51)
20 » Inputs

3 Complete job name: pid-2616MagUp-Siml®@b / train-and-validate

Lucio Anderlini Istituto Nazionale di Fisica Nucleare — Sezione di Firenze Sept. 2025 Referaggio del Calcolo INFN — LNF, 3-4 settembre 2025
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Conclusion
The end of Run 3 is near and data taking is progressing well.

2025 pledges+overpledges were consistent with the requests,
some worries for

Tape remains the most critical resource to enable design throughput at HLT2 level,
but also thanks to to the INFN over-pledges 2025, the situation seems under control.

Most concerns are for operation difficulties with CNAF Storage, under-sized in terms of:
throughput to the farm, bandwidth from buffer to tape, size of the buffer in front of tape.

When pushing the system at the limit (by LHCb or e.g. for network failures) files can get
silently corrupted.

Lucio Anderlini Sept. 2025 Referaggio del Calcolo INFN — LNF, 3-4 settembre 2025
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Backup
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A possible way forward replicating the 2025 pattern

Pledge 26 Increment Increment Overpledge 26 Increment Increment
CPUT1 190.463 HS23 33.663 HS23 269.304 € 16.736 HS23 0 HS23 0 €
CPU T2 106.301 HS23 18.801 HS23 150.408 € 0 HS23 0 HS23 0 €

DISK T1+T2 21.598 TB 3.498 TB 349.800 € 1.711 TB 0TB 0 €
TAPE T1 39.495 TB 6.595 TB 52.760 € 21.033 TB 1.921 TB 15.368 €

Total: 837 640 € ]

Consolidate 2025 CPU and DISK overpledges as 2026 overpledges
Extend TAPE overpledge by 1.9 PB
(decision could be postponed to make this available, if needed, in fall 2026)

1. Assign 2026 pledges based on %_._ CRIC (16.9%)
2.
3.
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