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CCIN2P3

IN2P3.

French National Institute of High Energy Physics
* ~1000 researchers / 1500 support staff

12 laboratories over territory

e 1 Computing Center in Lyon (CC CIN2P3)

IN2P3

Les deux infinis

Involved in major international collaboration
 HEP (Tier 1 for LHC experiment at CERN)
e Astrophysics (Euclid, LSST Vera C. Rubin)
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Space satellites:

FERMI (Glast)

*Around 80 other experimé‘hts or projects




IN2P3 Computing Centre

Resources
« 80 people (65 IT engineers)
o Budget: 7.3M€ (HR excluded) e Ry
o 2.5ME€ buildings running costs (incl. 1.2ME€ electricity) 3 Vi . I S5
e 4ME£IT investments (incl. 2M<€ for WLCG) e - g .y

Facilities
o« 1700 m2 over two computer rooms
e 1,4 MW total (PUE 1.4)

Computing
o« ~850 servers, 55k HTC, 931 kHS23

Storage
« Total allocated storage : ~320 PB (62% tapes)

Networking
e 2x200Gbps for WLCG (LHCOP & LHCONE)
e 1x 100 Gbps dedicated to IDRIS
e 1x 100 Gbps as backup and general purpose

100+ scientific collaborations
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Facilities

New computer room VIL3

Funded through a national project with IDRIS (CNRS HPC site)

Target usage : research infrastructures hosting

Construction from nov 24’ end to 25’ end

2MW IT (130 racks 15kW)

7,7 M€ pre-tax budget
b3
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PHASAGE :
Phase 1
Phasa 2
Phase 3
Phasa 4
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- Virgo-Cluster includes the spiral gataxies NGC 4411-and
 NGC4417b. Ab8le are 2 trio of intefacting galaxie’s
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Stockage au CC-IN2P3

HPSS, monitoring an libraries




IN2P3 Tape Storage

ﬁ, 16

W'—GG XRootD PB

Dedicated storage middleware ~ 100 PB disk Writing : Average 150 TB/d with peak to 500 TB/d
HPSS as tape backend Reading : Average 120 TB/d with peak to 500 TB/d

Archive growth : +45 PB in 2024 (+30 %/ year)
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Tape Libraries

HPSS, monitoring an libraries




Libraries overview ' :L | ' %IIINEPB
210 PB on tapes
Growth :

e +30 CAGR %

2 xTfinity

» 2x9 frames

> 2x48 Drives TS1160
» 2x6800 slots

» Fully provisioned

Might be full by end
of 2025

- Q1 2025 call for tenders
for a new library

HPSS-FR 2025



Lumos Upgrade (September 2024) [ ' | %\tcmam

Hardware upgrade completed in one day
e RCM/LCM replaced
* Frontpanel replaced

Bluescale databases converted
 Could take hours NS 2 P

%

Bugs in LumOS 1.4.2

Upgraded to LumOS 1.5 in November 2024
* Upgrade completed within 30 mn

Very stable since
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Mise a jour des libraries en LumOS ; %Ecu\lam

MAJ LumOS 2.2 en juin 2025

30 mn d’indisponibilité pour la MAJ, pas de redémarrage électrique reques

Capacity
775 Total Chambers
B 768 Used

Tape Media Tape Moves
6777/6779 Discovered Partition Source Barcode Destination Status

HPSSPROD 287 JES365JE 10585 & 2MINS AGO

. HPSSPROD 272 JE53820E 10487 © 4MINS AGO

@ Fully Licensed
6 6 8 9 70 .I 8 HPSSPROD 280 JES387JE 10249 @ 4MNSAGO
HPSSPROD  Zolan!  CLN251JA  YF1087000839 © 4MNsAGO
GOOd @ Average A Poor @ HPSSPROD 260 JES367JE 10063 Q 4MINS AGO
HPSSPROD 261 JE5375JE 8869 & 11 MINS AGO

1 1 13
TG pe D rlves RO bOtICS HPSSPROD 288 JESTESJE 8812 @ 15 MINS AGO
. . Mounts/Hr HPSSPROD 8812 JEA782JE 282 © 18 MINS AGO
5/48 Contain Media

HPSSPROD 8869 JES503JE 257 & 18 MINS AGO
HPSSPROD 271 JE4353JE 10044 @ 21 MINS AGO
HPSSPROD 257 JEATAIE 9538 © 22 MINS AGO

47 ] RObOt ] RObOt 2 HPSSPROD 278 JE4330JE 2341 & 23 MINS AGO
Good @ Bad ® Good @ Good @ HPSSPROD 294 JE4345JE 8847 @ 23 MINS AGO

HPSSPROD 267 JE4338JE 8455 & 24 MINS AGO

E nvi ro n m e nt oC/RH POWe r U SG e 24h HPSSPROD 286 JE4352JE 8083 & 24 MINS AGO
g HPSSPROD 277 JE4347JE 7493 @ 24 MINS AGO

HPSSPROD 301 JE3743JE 6892 & 25 MINS AGO

o o HPSSPROD 266 JE37T15JE 5939 @ 26 MINS AGO

2 5 24 HPSSPROD 297 JE4346JE 5567 & 27 MINS AGO

54% 5 5% 3733 HPSSPROD 290 JE4349JE 5532 & 25 MINS AGO
Robot: Robot:2 Waltts
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HPSS Status

HPSS, monitoring an libraries




Evolution stockage HPSS it %tau\la@

Volumétrie lors du dernier HPSS FR
(Septembre 2021)
Bytes Used 100, 318,879,905, 094, 643 Croissance annuelle composée = 22 %

(En réalité 30% sur bande a cause de effacements

Volumétrie lors du dernier HPSS FR qui nécessitent des repacks)

(juin 2025)

Bytes Used 211,878,121,236,455,656
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HPSS Architecture

% CCIN2P3

|
dCache
> 128 servers
|
TReqS
Computin
Clustr;r g XRootD Stage
> 41 servers RFIO HPSS
CEPH / |
Isilon .
T IRODS Read
&~ 4 Interactive > 18 servers Write
) Read/Write o

HPSS Interface : RFIO with HPSS extensions

Historically, direct access from users/jobs to HPSS
using RFIO

Now, 85 % of access are performed through storage
middleware
> Reduce stress on robotic due to the large disk cache

23/06/2025

» Read operations from storage middleware
handled by TReqS

Limit numbers of drives used for large reading
campaign

Optimize files recall by sorting files on the same tape
to speedup read

HPSS-FR 2025




HPSS Storage Policy %tau\lam

* 5 subsystems, 3 COS Only (selected by size), 10t file families

Subsys 1 Sub 2 Sub 3 Sub 4 Sub 5 » Small files in
/hpss /hpss2 /hpss3 /hpss4 /hpss5 double copy

General Z?lzz CMS Alice Atlas » + 2 archival COS

purpose sz | | 7T LHCD > Double copy

- ~7PB
COS Small files Medium Files Huge Files
Size based 10 M 12 14
0 64 M 2G 16T

R — _

» Historical » Newly created
- 63 PB - 136 PB
o ~2000.UID - 68 M files
> 80 Mfiles > for LHC Data
23/06/2025
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Core server

Core serveurs : Core server 1 ( ) | Core server 2 (i ) |
= = A E g
* Renouvelés en mars 2021 Px cla | el B] s i -
3 L 88 3 6|8 || £2 i 5 g 8 £
. (|3 -EEE£8L22 222 EEEE || 2 5|5 | -33 .agdd JGusE | 33
* 2 CPU Xeon Silver 4208
* 96 Go RAM
u| | db2tbsp db2bck hpssfs | db2log | |u db2tbsp db2bck hpssfs | db2log
e 2x ME4024 FC abiad- anch2| "\ arch2
For lags . . . iy f"”‘“’a p— p— — -
. 10x SSD - 960 GB = - || F |7l 5|
 Adaptative RAID 7653 GB
” . ” . 7 3 .
e Volumes "mirrors” croisés @ @ m omow @ Amimmm gmae @ @@ omo@ w  aIniEam e
'. 1C @ B1_TABLESPACE (BEa GE) IC - BE_TABLESPACE (Bea @)
° ° u u u u g u 10 - B1_CElBaCEUF [2 TB) | | | | | | | | | | | | a0 @ BZ_DAIBACEUF 2 TB)
* Fin de garantie en mars 2028 : i (ma | | AP NP O (e
r 1 TOTAL: JEa8 GE r Ll TOTAL: IEAE GB

1x RAID ADAPT 7653 GB ’ 1x RAID ADAPT 7653 GB

Migrations HPSS : %%%%%%%%%%m %%%%%%%%%%m”““

« Décembre 2021 : Migration HPSS 7.5.3 = 8.3 (Serveur 1 = Serveur 2)
* Septembre 2022 : Migration HPSS 8.3 - 9.3 (Serveur 2 - Serveur 1)
« Décembre 2024 : Migration HPSS 9.3 - 10.3 (Serveur 1 = Serveur 2)

Empby
Emgky
Emgky
Ematy
Emaby
Ematy
Emgky

23/06/2025 HPSS-FR 2025




Mover / PVR W= %tcu\la:e

e 16 disk movers (DAS) :

« HPE ProLiant XL420 Gen10 + SAS extension
e 20 Gbits Ethernet

e SAS Disk in RAID

 Total 4,2 PB

* 16 Tape movers
* HPE ProlLiant DL360 Genl0

* 1 mover/6TS1160 * Fiber Channel

* 20 Gbits Ethernet * Cout d’acquisition / maintenance

éleveé sur les gros SAN
* 2 remotes PVR

* Nouvelle stratégie:
* |nstalled on tape movers
+  One per library e 1 SAN FC 64 ports / librarie

e NO PVR on the core server e Non inter connectée

23/06/2025 HPSS-FR 2025 d



T10K Migration 5= %tcu\la:e

Oracle T10K to TS1160 completed early 2023. Almost 3 years to complete the migration of 80 PB

Was the opportunity to reorganize the storage classes :

* Reducing the number of general purpose COS from 4 to 3
( Small < 64Mo / Medium < 2Go / Large > 2 Go).

« Remove legacy COS

e Setup double copy for small files COS

Small files migration strategy.
* Introduce new level on the existing hierarchy (not a new COS).

* Enable FAR
* Foreach tape volume:
* Isvol

» Stage the 1t file only of each aggregate (FAR would stage the others).
* Check filesin disk cache / errors / restage missing files
* Use “Force Migrate” with BFID of each file to create the new copies on both tape SC

* 340 Volumes / 24 M files proceed in 1 month

23/06/2025 HPSS-FR 2025




&
Retour d’expérience sur la migration HPSS 10.3 1= %tau\la@

MAJ de HPSS par puppet

* Clients, Mover, serveurs RFIO et treqs

Suite a la migration, le core serveur crachait toutes les heures exactement (core dump)

* Apres intervention du support (Shandrof) et analyse des logs, il s’est avéré qu’un client HPSS 9.3
continuait a se connecter

« VM des test HPSS-Fuse, oubliée dans la liste des machines
* Filesystem /hpss monté
* Echec d’execution de puppet (dépendance RPM)

e Outils de monitoring des espace disque d’exécute 1x / heure

Probleme de fuite mémoire en HPSS 10.3u8 entrainant le crash du SSM toute les 2 -3 jours ~

23/06/2025 HPSS-FR 2025 q



Environnement N E= %ccu\lam

Migration RHEL7 / CentOS 7 devenait urgente & @

V7
* Plus de MAJ de sécurité depuis Juin 2024 Z —

CentOS

redfat 8.10

* Jusqu’en 2024 : Rocky Linux 8
 Apartirde mi 2024 : RHEL™

e Tentative échouée de migrer le core HPSS en RHEL 9.4

 PB due au package KRB5 empéchant
I"authentification unix sur le SSM

* Installation des cores en RHEL 8.10
* Release en stable (plus d’évolution)
* Fin de support 31 mai 2029

23/06/2025 HPSS-FR 2025




ARM Support (Bl 2024) == %tcu\la:e

« aarch64 is an ARM 64bits RISC based
architecture massively used on mobile devices.

* Server CPU now available :
 Many core per socket
* Better performance per Watt (vs x86)
 Reduce TCO and Carbon footprint (vs

x86)
* ATLAS (_Cern LHC experiment) already ported his
simulation software. e IN2P3 started integration
* Some HEP Computing Center interested :  Ampere Altra on HPE RL300
* Glasgow University will provide 20% of  Gigabyte 2U4N-DP H262-P61 chassis
computing pledges with ARM [1] (2048 cores)
* BNL[2] and KIT [3] start experiments. * Estimating ~20/40% gains on the TCO
* ARM might be the future of computing for HEP (procurement & energy) vs AMD Milan
Experiments (7nm / 2021)
« Software stack almost ported to RHEL9/arm
Officially supported in HPSS 11.3!
23/06/2025 HPSS-FR 2025 4


https://indico.cern.ch/event/1377701/contributions/5902147/attachments/2838250/4960775/HEPiXARMFarm.pdf
https://indico.cern.ch/event/1289243/contributions/5603317/attachments/2735174/4756051/BNL%20Site%20Report%20(HEPIX%20Fall%202023).pdf
https://www.scc.kit.edu/en/aboutus/15764.php
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Future

e HPSS:

No reason (so far) to move to another product
Good knowledge of the product
Flat licensing

e Main concern

23/06/2025

High Luminosity LHC -> breakdown in annual CAGR

Tape Carrousel

 Tapes will be used as “active” data repository for datasets
Optimizing read back performances for LHC-
experiment
“Smart Writing”

 Writing data on tape according the way users will read
them back

* Specific setup per users
*  File Family, ”Per directory aggregate”
* Full Aggregate Recall for reading

HPSS-FR 2025

Run 3 [u=55)
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- ATLAS Prehmmary
— 2022 Computing Model - Tape

® Tier-1 Conservative R&D
v Tier-1 Aggressive R&D

— Sustained budget model
(+10% +20% capacity/year)
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Nouvelle Librairie yE= %ccu\lam

Appel d’offre publié le 5 juin 2025 pour un livraison au début d’automne

Acquisition d’une libraire de bande automatisé
* 48 lecteurs LTO10-FC
* Longeur 7,20 m maximum

* 5 ans de support

Premiére intégration de bandes LTO dans HPSS.

* Nouvelle téte TDS sur les LTO-10, pas d’initialisation nécessaire
* Performances similaires aux TS1160/1170 (400 Mo/s)

 Cout des médias !

* Incertitudes quand au futur de la bande Entreprise

* FCvsSAS?
e Bien que moins cher, le SAS plus contraignant (distance lecteurs / serveurs, Switch SAS, etc)

23/06/2025 HPSS-FR 2025 d



. . = &
Migration HPSS 11.2 V== %ECINEPB

Nouvelle fonctionnalité HPSS 11.2 permettant d’exploiter pleinement les librairies

« Balance New Tape VV Selection accross multiples PVR »

Premiers tests avec HPSS 11.2ul

Recent Releases — HPSS 11.1 - HPSS
Balance New Tape VV Selection A . . .
* RFIO compile et fonctionne (toujours)
» More on policy-based selection
oWeighting scheme _ * Gros changement dans la mécanique
oFor a given tape SC, each PVR has a weight d’authentification (unix)

» Higher weight = chosen more often
* Lower weight = chosen less often

s tection o * Les clients s’authentifie aupres du daemon
hpss_unix_service avant de se connecters aux

— EE e hpss.

HPSS Futures — HPSS Collaboration Use Only 15

Defined
Weights

23/06/2025 HPSS-FR 2025 Q



DB2 Partitionnig == %ml\lam

Metadata Performance issue appears recently
* Some collaborations directories contains millions of file

* |ssues when running hundreds of // files restore on theses directories.

« MMOO0O9 Now using up to 1052 database connections
* Queries take up to 2 minutes to complete
e Client timeout within 60s, rerun readdir immediately, triggering a new DB request

 Other use case when updating namespace :

* Change group (chgrp —-R ...)overs T
10 millions files / directories S
* 4 days to complete ﬁ
. ege e . < LUNO and LUN1. distinct v
—> Setting up DB2 partitioning might be helpful '- and separate RAID
protec vices
—> Opportunity to setup the new simplified DB2 filesystem layout Rocovery object sis are
Isolated rrom each other.
No single point of failure!

23/06/2025 HPSS-FR 2025




% CCIN2P3

Merci
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