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INFN-T1 new Data Center

Our new DC building

o
A4

BOLOGNA TECHNOPOLE

the ractory of the

Migration almost com

Missing:

LEONARDO

2 tape libraries

1 storage system

ISO27001 certified zone

SSNN

Decommissioning of the old DC
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Layout of the new Data Center (NN

LEONARDG
Resources:
. . ; . . . ) . ) : 80.000 CPU cores

= = = = 80PB Disk

L | 200PB Tape
CINECA T 151
Data Hall BN 115 20% year-over-year

growth rate
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Available Tierl resources

BTl
CPU Pledge (HS06) | 792 000 825.000 T

—
==
—
=

Disk Pledge (TBN) 82.949 102.000
Tape Pledge (TB) 193.581 233.000

CPU Pledge (HS06) 136.440 147.125

Disk Pledge (TBN) 14.670 16.740

Tape Pledge (TB) 40.680 50.490

No GPU/FPGA pledged, yet some already available via cloud.
No ARM CPU pledged, yet already available via HTCondor

19/11/2024 ATLAS ltalia Computing Annual Meeting - Naples 5



Cloud@CNAF INFN

CNAF

= e e i * About 100 tenants configured

Total VCPU Used VCPU Total RAM Used RAM Total Disk Used Disk : Hypervisors VMs TOTAL GPUs USED GPUs TOTAL FPGA USED FPGAs

* Cloud@CNAF

6112 2650 376w 721w 419r 594Ts 82 607 34 19 8 3 « INFNCLOUD

CPU Hours prod RAM Hours prod Disk Hours prod Server prod GPU prod FPGA prod

200 Mil

80K 2 Mil 800 20 4 . .

: * Big expansion thanks to Next
10 2

40K 100 Mil 1 Mil 400

. .

5 1

20K 50 Mil 500 K 200 " gE E n u n I n g n O I p O
0 0 l |

0 0 0 0 o
06/23 07/0 06/23 07/01 06/23 07/01 08/23 07/01
af_pc al_rey cnaf. al_r
cnaf_r ng.c urs {regic cnaf_regic {regit cnaf_regi nting.diskhours {regi cnaf_r on n

e 26 nodes with 192 cores and 1.5TB

R RAM
* 30 nodes with 4 H100 GPU
e 11 : cwEzsssszzsicer o . * 2 FPGA “bubbles”
o ERE e 52 storage nodes (Ceph), with obj
' storage, rados, filesystem
* Installation and configuration in
progress
Q. * Completed by the end of the year
I C S ‘ y * Some resources will be provided
Gomo et dl o PG terabit via an HPC cluster
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CPU - Farm INFN

— Pledge 2025: 825kHS =>> Total Installed: 1220KHS06

Starting from mid July Leonardo nodes gradually in production; 200 nodes, 2880HS/node

The whole farm is now HTCondor 23 and Alma9

Cluster | prod v @

E HEPScore status for prod Cluster

1.40 Mil

Available/Installed 1220KHS

120 M == Running Jobs - multi_core == Available
Flooding in CINECA

== Running Jobs - single_core

| PLEDGE 2025 825KHS MV e, me"'ﬂm"m*m
P L O T O Y (ﬁjm T
v il l‘\M |

400 K

200K V
{1
|
nn3

09/m 09/20 09/29 10/08 on7 0/26 /04
18 Sept.

ual Meeting - Naples

R

TKHS23

i)
o7he 07/28 0806 0815 08/24 . 091’02'
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Integral HS06 — 2024 INFN

Total HS06 cumulative [HS06*day] - CNAF

TOTAL CNAF

200 Mil 200 Leonardo nodes )

250 Mil

225 Mil

175 Mil

CNAF scheduled down
to update core
switches and gpf

150 Wil Leonardo in prod_—

125 Mil
100 Mil
75 Mil
50 Mil

25 Mil

0
o1fm 0z/m 03/ 04/0 05/ o8/ o7fm 08/m 09/
== hitc == pledge

20 Mil
15 Ml
10 Mil

5 Mil

]
01fm 02/ 03/ 04/M 05/M 08/ o7/m 08/n 0g/m 10/m nim
= hitc == pledge == assigned
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Leonardo GP set-up @

=) How is is going on Leonardo?
 Since July no downtimes on GP, but....
* Next one on Nov 26th

N « Periodically we have crashes on some
c!&%%%(/I&N.L\F networks g nOdeS
R g pori o~ » CINECA support responsive

800gbs’ « IPv6 not yet supported on the

SKYWAY
* Interaction with NVIDIA ongoing

gwl

HTCondor WN created via “infinite” CINECA
SLURM whole-node jobs on the Leonardo

General Partition (CPU-only) SKYWAY BW CNAF<>Leonardo in september

PCI paSSth rOUght fOr the inflnlband NlC bp BOOGbpS ARISTA-[12] to SKYWAY-[12]
‘ l
1 DE Debp I r iy ”
PublicIP on IB 7 AL A 'J'W ek bmontfy w. ot g ‘“ [ it “" ML" ““) JM w{‘“‘M"'MWV"W'M‘W“J
Inboud/Outbound connectivity via NVIDI/ " o e i‘if S
Skyway directly attached to our core ~
switches =» 1.6Tb/s = thn AVG 78Gbps

19/11/2024 ATLAS Italia Computing Annual Meeting - Naples 10



19/11/2024

T1 DISK and TAPE

ATLAS Italia Computing Annual Meeting - Naples

11



Tierl Pledged Storage INFN

~ CNAF
GPFS servers Gateway servers Disk net capacity Tape net capacity
93
71.0p8 190 rs
StoRM servers
8 StoRM W... XrootD GridFTP Disk used space Tape used space
HSM servers 5 6 1 1 5
i .1pPB 45 pB
Disk space usage Tape space usage
200 PB
B0 PB I—I
I_‘_ 150 PB
60 PB —
:I 100 PB
40 PB
50 PB
20PB
0GB
0GB 08/21 O08/28 09/04 091 0918 09/25 10/02 10/08 10M16  10/23 1030 MOB /13
08/21 08/28 09/04 ogMm 09/18 09/25 10/02 10/09 10016 10/23 10430 /08 nna Name Last *
r
Name Last *
- Used 145 PB
- |ised 55.9 PB
pledge 187 PB
pledge 81.3 PB

— s +14 PB tender 2022 (in testing) mops T te0P
+16 PB new acquisition on AQ23-24 +96 PB new tender

- 8 PB new system inefficiency - 80 PB old Oracle Library decommissioning

19/11/2024 ATLAS ltalia Computing Annual Meeting - Naples 12



ATLAS DISK AND TAPE USAGE INFN

CNAF
Atlas 1
AtIaS dISk atlas used vs pledge At|as tape
14 PB ————— oy S—
- 1078
10 PB
8PB 2098
6PB
4PB
. 0GH
o 1020 1022 1024 1026 028 10/30 101 /03 105 TOT W9 WM B 1S W7
’ GEtlofzo 10/22  10/24  10/26  10/28  10/30 101 MyQ3 10s MO7 0 1jog 1im Mn3 1ns Mz Name Last*
Mame Mean Last * Max Min USEd 409 PB
= disk used 8.02PB  13.3PBE 135PB 6.12PB
disk quota 857PB  13.8PB 277PB 6.80PB pledge 40.7 PB
== disk+buffer used 842PB  136PB 13.9PB 437 TB
= disk+buffer guota 910PE  144PB 152PE 574 TB ATLAS delta tape (2025_2024) 9 1OPB
= pledge 147PB  147PB  147PE 147PB
ATLAS Delta disk (2025-2024) = 2PB
19/11/2024 ATLAS ltalia Computing Annual Meeting - Naples 13



New Storage performance issue

opFsseeed  HSM Reading from TAPE_BUFEER =¥ Tape libraries

1.50 GB/s

* Mainly affected LHCb....
e ...but ATLAS is on the same system

1GB/s

500 MB/s

* Huge performance drop

O e 0000 08729 00:00 08/30 00:00 091010000 09102 00:00 : . ITnA ggrtlgbulcllaE E I1;oar rf(tjolg?églg a éﬁapi R

Name Mean Last * WTax Min
== gpfs_lhch read 890 MB/s 694 MB/s 130 GB/s 252 kB/s ° Ehen_the buffer is a|m0;t fu”

gpfs_lhch write 99.4 kB/s 178 Bfs 7.27 MBfs 54.4 Bfs .

 During cuncurrent access from FTS
GPFsspeed  \WebDAV writing from FTS and/or FARM = Disk wgbflg%?)the Farm WNs (via StoRM-
* Storm-WebDAV gets stuck saturating
5 o8ls the max I/O threads number
.--_._-"_‘_'- |I.|“il'~‘|l|r||l "Un_

0njs 0L AW [ g * Avalanche effect on all the StoRM-

08/28 00:00 08/29 00:00 08/30 00:00 08/71 00:00 08/01 00:00 09/02 00:00 \Ogé;w/
Name U Mean Last * X Min WebDAV nOdeS

== gpfs_lhch read 774 MB/s 0B/s 7.67 GB/s 0 B/s
gpfs_lhch write 117 GB/s 1.33 GB/s 8.60 GB/s 0 B/s

* Long debugging phase with the vendor

. ﬁee th/e} po?(t-mortem herke} b/LCG/WLCGS Incidents/P See Vladimir Talk @CdG 20 Sept. 2024: «State of
ttps://twiki.cern.ch/twiki/pu ervicelncidents/Post- . . . .
mortem_of the incident_on_the CNAF_StoRM_occurred on_ A Storage»: https./ /agenda.infn,it/event/43330/
ugust2024-T.pdf .
 LHCb TAPE_BUFFER and DISK_BUFFER moved su older, but %% Reatonsp between the space usage and wrte ampfication i theal-rancom wrie scegfio

more performant, systems

19/11/2024 ATLAS ltalia Computing Annual I\/Ieeting - Naples %% isem soze% 5%  coom% eooe% 700 7ese%  sooew  ssorddd ‘.~U.u-.w-:.-l 95.01%



2024 WLCG Data Challengwe_ - INFN

Slides from: Plenary talk di Katy, brand new; Talk Track 1 di A. Forti (ATLAS); Talk Track 1 CNAF

N‘U\N(,H:i:\; [;H{ @ Gl‘ld p.»,‘
General results Comparison: Rates achieved vs. targeted — Tier 1s
. 3large T1s had either hardware, network or MW problems : A : RA p A
o These problems became apparent with extra rates E— [ —
o TO rates affected by this 1 |ToExport
Day 8 was affacted by FTS operations 142 | N/a [ 123 | n/A [109 | N/A | 076 | NJA | 1.8 | NfA | 136 | N 117 | NJA
: 3| ok 146 | N/A 132 | N/A | 110 | N/A N/A | 17 | NjA | 0.94 II/A 117 | N/A
. Second week was affected by the really Iaumber of transfers P
Oay xport, TIBxport 3 31 | 062 | 1.08 | 088 | 133 | 1.03 | 072 | 0, 128 | 093
e e SR N/A n/a [ 091 | va | 102 | n/a | ol n/A | 100
3T0=TIe=TI=T2 184 .
R b5t 5 |Tl-Export,Prod-out |45 |4 95 [ 145 | 087 | 125 | 0.89 | 098 | 101 | 121 | 109 | 123 |fo77 | 127 | 077 Ratio = observedftargeted
ET0=TlwTI—T2 25 ‘een - rati X
e Na—— 6 [T1-Export, Prod-out |, 1, |5 4| 118 | 088 [ 1.47| 088 | 072 | 081 | 127 | 103 | 129 |Jo76 | 118 | 095 o =09
®3 s ~0.9 > ratio > 0.7
g ’: : 7 T1-Export, Prod-out 119 | 219|115 | 087 |1.22 | 087 | 081 | 1.04 | 1.20 | 098 | 1.21 [§0.73 | 1.16 | 1.02 -t
z 4 83 P Orange — 0.7 > ratio > 0.5
130 | N/a [ nja | 130 (239 [ N/A | 131 | /A | 131 | N/A | 170 (/A | 132 | N/A
Red - ratio < 0.5
9 |All
087 | 084 | 0.57 | 0.57 | 0 56 | 065
m-nenen : = , 06 10 [
{ RS 5.; E Zﬁ = E e oo 0.70 0.98 | 0.7 [ 058 | 065 | 05 - 3 | dos | 063
ET0=TITI=T2 6 409, a1 3 104 203  —
S 7 = @ Gl"idp 063 091 | 0.73 0.76, .77 | 1.05 | 1.09 | 0.84 | 091 | 1. 0.69
d UK Computing or Paricie Poysics 12 [All
Res u ItS exp I a I n e 054|092 | 086|089 | 1.00 ( 085 | 115 | 1.21 | 087 | 1.13 | 0.8 0.78
— $ w 1 And AN | Clhvinbambs Winmimm adé =l far bl CAMCO callabarabinam Page 14
. FTS orchestrates transfers per link over many links Data Challenge series
» Doesn’t orchestrate throughput
o To increase throughput we had to increase the number of allowed parallel X i .
transfers by an over an order of magnitude Proportion of estimated Run 4 rates I n ter m ed | ate
. Has a concept of fair share per activity 4 10% 20 - d
- Doesn’t have a concept of links priorities within an activity, i.e. all links are equally 1 m | n [ ata

treated TO-T1same level as T2-T2
= Could prioritise faster transfers or more important channels C h al I en g eS
. Testing also new authz system with tokens put further load on the system ._
focused on
transfers . .
sites,

bottleneck max
technologies

Destination number of dst
incoming transfers

dddals

Run 4 is scheduled to start in 2030
. A@BE MBS problems to solve first for next challange ATLAS Ita1I2ia Computing Annual Meeting - Naples 15



https://indico.cern.ch/event/1338689/contributions/6081539/attachments/2952935/5192626/CHEP24_plenary.pdf
https://indico.cern.ch/event/1338689/contributions/6010810/attachments/2951384/5188066/20241019_CHEP24_DC24-6.pdf
https://indico.cern.ch/event/1338689/contributions/6010766/attachments/2951294/5188190/CHEP24_035_CMSDC24.pdf

Metropolitan Tape Area Network

N, 3 "j"' i.. \
‘Muse_o,per la W
Memoria'di Usticas,
| v ‘; Ti," TG

o L i <
& |

omiziGarisenda’s
gliAsinelli 3+

jmporaneamente . 2

N

INFN

~ CNAF

. 2 libraries at CNAF

« 1new library at the Tecnopole

«  About 7 km of fiber to connect the 2

datacenters

. + red paths

- 2 fiber pairs dedicated to extend the
fiberchannel TAN

- Brocade optics for 10km distance

BROCADE=

A Broadcom Company

Product Brief

Highlights

= Provides high system reliability
through rigorous qualification and
certification processes.

« Leverages unique design parameters

to provide the highest performance
ith indict 1 A =} A,

Brocade® 32Gb/s LWL
(10 km) SFP+

Optimized, Certified Optical Transceivers for
Extending Service Provider and Data Center
Networks

O|verview

Today’s enterprise data centers are undergoing an infrastructure
transformation, requiring higher speeds, greater scalability, and higher
levels of performance and reliability to better meet the demands of
business. As speed and performance needs increase, optical transceivers—
once considered a generic component of Fibre Channel switching
technologies—have become an integral part of overall system design.

The Brocade® 32Gb/s Long Wavelength (LWL) 10 km SEP+, part of the

Italia Computing Annual Meeting - Naples
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CNAF Tape libraries and drives INFN

« 1 x Oracle SL8500

e 1 tape library with 16 tape drives T10000D
(8.5TB/cartridge)

« 80PB installed, 64PB USED

* Repack on the other libraries ongoing

®*  After completion of repack this library will be dismissed

* Due to time constraints for decommissioning we move
this to the new location (December 2024)

- 2xIBM TS4500

» 1 tape library with 19 tape drives TS1160 (20TB/cartridge)
* 102 PB Installed, 50PB USED

®* cannot be further extended due to physical constraints in the current

room

This library moved to the new data center (November 2024)

« 1 tape library with 18 tape drives TS1170 (50TB/cartridge) —

acquired and installed at new data center Q2 2024

19/11/2024 ATLAS ltalia Computing Annual Meeting - Naples 17



Heterogeneous computing @

 Started a technology tracking program
(C3SN WG), mainly focused on computing
* |nvestigate new processors
technologies
« Power consumption comparisons
« CPU architectures
» Understand middleware and general
software readiness

arm k'

RISC

See our presentation at last CHEP!

19/11/2024 ATLAS ltalia Computing Annual Meeting - Naples 18



kHS23

ARM CPU usage at INFN-T1

INF

" CNAF

ARM jobs per experiments

Slots of Running jobs (HS23) @

03 — ALICE
— ATLAS
— CMS
400
300 -
200 -
100 4
0 4
K, A o> or o> o™ g
A A L 1°1‘y°6

D CMSSW_14_0_0_pre3__Data_2023_CNAFARM-RunDisplacedJet2023D-00001

jr——r—— |
JJEMETO/CMSSVI_14_0_0_pre3-140X_dataRun3_Prompt_frozen_v1_CNAFARM_ReiVal_20230v1/MINIACD
© I datatier: NANOAOD, completed: 106.33%, events: 1,227,653, type: VALID
JJRMETO/CMSSW_14_0_0_pre3-140X_dataRun3_Prompt_frozen_v1_CNAFARM_RelVal_20230-v1/NANOAOD
© I datatier: DQMIO, completed: 0.00%, events: 0, type: VALID
/JRMETO0/CMSSW_14_0.0_pre3-140X_dataRun3_Prompt_frozen v1_CNAFARM_ RefVal 2023D-v1/DOMIO
1. pdmvserv_RVCMSSW_14_0_0_pre3RunDisplacedJet2023D__CNAFARM_RelVal_2023D_240215_092843_9419 open in: Stats2 status: normal-archived
© I datatier: FEVTDEBUGHLT, completed: 123.17%, events: 788,261, type: VALID
/Displaced Jet/CNESSW_14_0_0_pre3-140X_dataRun3_HLT_frozen_v1_CNAFARM_RelVal_20230-v1/FEVIDEBUGHLT
o I datatier: AOD, completed: 120.25%, events: 769,596, type: VALID
/DisplacedJet/CMSSW_14_0_0_pre3-140X_dataRun3_Prompt_frozen_v1_CNAFARM _RelVal 20230-v1/A00
o NN datatier: MINIAOD, completed: 119.45%, events: 764,476, type: VALID
/DisplacedJet/CMSSW_14_0_0_pre3-140X_dataRun3_Prompt_frozen_v1_CNAFARM_RelVal_2023Dv1/MINIAOD
o I datatie: NANOAOD, completed: 120.25%, events: 769,596, type: VALID
/isplaced.Jet/CMSSW_14_0_0_pre3-140X_dataRund_Prompt_frozen_v1_CNAFARM_ReVal_20230-v1/NANOAOD
© I datatier: DQMIO, completed: 0.00%, events: 0, type: VALID
/Displaced Jet/CMSSW_14_0_0_pre3-140X_dataRun3_Prompt_frozen_v1_CNAFARM_RefVal_20230-v1/DQMIO

250 K
200 K
180 K
100 K
50 K
11j2023 12/2023 01/2024 022024 03/2024 04/2024 05/2024 06/2024 07/2024 08/2024 09/2024 102024
min max avgw
== Pledges 128K 136K 133K
= INFN-CNAF o 181K 112K
e INFM-CMNAF_AR M 0 209K B81K
= ANALY_INFM-T1_GPU o 63.6 2387
TICKETS RELVALS DASHBOARD Logged in as Daniele Spiga
Workflows (jobs in ReqMgr2)
1. pdmvserv_RVCMSSW_14_0_0_pre3RunJetMET2023D__CNAFARM_RelVal_2023D_240215_092819_7275 open in: Stats2 status: normal-archived
o M dacatier: FEVTDEBUGHLT, completed: 109.72%, events: 1,266,761, type: VALID
JJEVAETO/CMSSW_14_0_0_pre3-140X_dataRund_HLT._frozen_v1_CNAFARM_RelVal 20230 v1/FEVTDEBUGHLT
o I datatier: AOD, completed: 106.33%, events: 1,227,653, type: VALID
JJTMETO/CMSSW_14_0_0_pre3-140X_dataRun3_Prompt_frozen_v1_CNAFARM_RedVal 20230-v1/A00
2023_CNAFARM-RunJetMET2023D-00001 ° datatier: MINIAOD, completed: 106.33%, events: 1,227,653, type VALID

19/11/2024
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RISC-V CPU usage at INFN-T1

« 2x Milk-V Pioneer
* 64 Core RISC-V CPU up to 2GHz
« 128GB DDR4 3200
« 1TB NVMe disk
» 2x10Gbps network cards

* Pre-installed OS: Fedora 38 CMS Point-of-view

« dbl2 CMS benchmark
« milk-v: 378.3, 5.8 per core
« e5-2640v3: 248, 3.8 per core
« Milk-v today performs better than a 2016 CPU...
 |f we take out the hyperthreading, milk-v is 2-3
times slower than a modern xeon
* 64 real cores, not so common on modern CPUs
« Trade-off between core number and power (taking
Into account power consumption too)

19/11/2024 ATLAS Italia Computing Annual Meeting - Naples 20



+++_ | Finanziato o - .
+  + |dall'Unione europea [taliadomani
i NextGenerationEU RIS DI RIPRESA £ RESILIENZA

HPC Bubbles

192 core fisici
1.5TB RAM DDR5

- = NodoCPU IB NDR 400G
| 20TBL (SSD) + dischi di sistema
Come CPU + 4x NVIDIA H100 SXM5 con minimo 80GB e memoria
Nodo GPU P

.

32core
RAM 768GB DDR5
I;i Nodo FPGA IB NDR 440G
4 x XILINX U55C o0 4 x TerasicP0701

64 core fisici

E Nodo Storage (CEPH Bricks) 1TB RAM DDR5
384 TBL HDD + 25.6 TBL NVMe

Switch IB, Switch ETH
EEEE  Accessori Cavi IB, Cavi ETH

Transceiver vari
Assistenza 3+2

Missione 4 e |struzione e ricerca 19/11/2024 ATLAS Italia Computing Annual Meeting - Naples



Ministero
% dell’Universita
< e della Ricerca

R Finanziato
«  + | dall'Unione europea
B NextGenerationEU

5

[taliadomani

PIANO NAZIONALE
DI RIPRESA E RESILIENZA

“HPC Bubbles”

TOTAL NODES funded byTerabit-ICSC-DARE

Nodo CPU | Nodo GPU Nodf).FPGA Nodo FI->GA Nodo
Xilinx Terasic storage
BA 24% 6 0 0 32 %
CNAF 26 30 * 2 2 52 %
MiIB 0 0 2 2 0
NA 18 1 2 0 8
PD 6 6 0 0 0
PI 20 0 0 0 0
. .pe RM1 12 0 0 0 0
* -
(*) NODES in EPIC - ISO certified zone 0 12 . 0 o o
Nodo CPU Nodo |Nodo FPGA| Nodo FPGA Nodo LNGS 0 6 0 0 12
GPU Xilinx Terasic storage T 12 0 0 0 8
LNF 12 0 0 0 0
BA_DARE 12 0 0 0 6 LNFESA 8 6 0 0 6
. LNL 4 0 0 0 0
BA_TerabitS8 0 0 0 0 0 MI 4 0 0 0 0
CNAF_DARE 10 9 0 0 16
CNAF Terabitsg |  0-8? 0-8? 0 0 0-62 Vo2 160 61 6 4 118
Core: 30 kcore fisici GPU: 244 NVIDIA H100 45 PB RAW

40 FPGA
InfiniBAnd 400Gbs

Circa 34 HS/core

19/11/2024
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