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ALICE Run 3

factor 10

How do quickly and efficiently analyze this data?

ALICE Upgrade during LS2
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ALICE Analysis Facilities =51
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Analysis Facilities: specialized centers integrated in the Grid
» allowing fast-turnaround organized analysis on a significant subset
of (AOD) data prior to full analysis on Grid sites, enables further
processing on user laptop/.../NAF
» High-efficiency by high-bandwidth storage (10PB/day)
» Multi-core queue support (<-> new ALICE analysis framework)
» Specialized capabilities, e.g. GPUs for ML training
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ALICE@GSI ==

ALICE @ GSI
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@ : All tightly integrated into common
. " | computing systems for GSI/FAIR
research (online clusters, HPC).

@ Catania-VF
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Compute@GSI
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Lustre-based Storage == 1

Management Metadata DNE Metadata Object Storage Object Storage
Target (MGT) Target (MDTO) Targets (MDTi - MDT)) Targets (OSTs) Targets (OSTs)
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High Performance Data Network
(Omni-Path, InfiniBand, 10/40/100GbE)

Lustre Clients (1 — 100,000+)
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Lustre-based Storage == 1

Management Metadata DNE Metadata Object Storage Object Storage
Target (MGT) Target (MDTO) Targets (MDTi - MDT)) Targets (OSTs) Targets (OSTs)
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Management | Metadata and Additional Object Storage Object Storage

Network Management Metadata Servers Servers

Servers Servers
- >

High Performance Data Network
(Omni-Path, InfiniBand, 10/40/100GbE)

Lustre Clients (1 — 100,000+)

() GSI using different
OSS architecture
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GSI Lustre OSS === I

System
= 4U Server + 4U Disk Enclosure
= 71 HDDs,10 TB

~ = Infiniband FDR

HDDs organized into 7 Object Storage Targets (OSTs)
Each OST realized as ZFS RAIDZ2 of (8+2) HDDs

- (comparable to RAID 6), compression enabled,

. ~425 TByte usable capacity per OSS
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GSI Lustre OSS === I

System

= 4U Server + 4U Disk Enclosure
= 71 HDDs,10 TB

= |nfiniband FDR

HDDs organized into 7 Object Storage Targets (OSTs)
Each OST realized as ZFS RAIDZ2 of (8+2) HDDs
(comparable to RAID 6), compression enabled,

~425 TByte usable capacity per OSS

Read Throughput per OST

3.0GBs avg total+~

= hebe-0ST0085 286 MBs  257.416 GBs
2.5GBs

hebe-0ST0086 282 MBs  253.687 GBs Pe rfo rmance
2.0GB
° hebe-0ST0088 274MBs  246.508 GBs ~ 350 M Byte/s pe r O ST
1.5GBs == hebe-0ST008a 271MBs  244.493 GBs 2 5 G B t / O S S
~

1.0 GBs hebe-0ST0087 266 MBs  239.994 GBs . y e/S pe r

== hebe-0ST008b 265MBs  239.066 GBs

500 MBs

== hebe-0ST0089 260 MBs 233.951 GBs
0Bs

18:10 18:20 18:30
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More on Lustre... == I

... there is much more than just the bare OSS performance, some
features being implemented (relevant for ALICE AF)

Data-on-MDT: improve small file performance

Lazy-Size on Metadata: improve metadata performance
(stat’s, e.g. "Is” on large directories)

File-Level-Redundancy: multiple copies of simultaneously
accessed files to increase performance

Re-balancing of files: monitor access and re-distribute
files between OSTs to enhance
performance
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Embedding into Grid ==

ALICE uses XRootD protocol for data access ALICE
© — | Clients
Grid
XRootD 85 e
Redirector
|
ALICE
XRootD .
0 — | Clients
Data Server @GS

Lustre FS mounts

Lustre
OSS

Lustre

—
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Embedding into Grid ==

ALICE uses XRootD protocol for data access o ALICE
© — | Clients
= Grid

XRootD e
Redirector
|
- ALICE
XRootD .
- Data Server [:= Cllgrétls
Lustre [:= @
MDS &
Lustre FS mounts
Lustre = direct, transparent, high-bandwidth access w/ plugins
0SS F

XRootD Server and Client plugins

direct FS-Level access skipping XRootD Data Servers
seamless integration into Grid and existing workflows
CHEP 2018: https://doi.org/10.1051/epjconf/201921404005
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Embedding into Grid ==

ALICE uses XRootD protocol for data access ALICE
© — | Clients

@Grid
XRootD |
Redirector | |

AliEn SE Catalogue statistics Storage-provlded infa
SE Name AliEn name Tier Size a Used Free Usage No. of files Type Size Free Usage

7. CERN - EOS auce::cernz:eos 0 R : qors 88.5% _ FILE _— 3.173 e[ 89.32% |

8. CERN - EOSALICEDAQ  ALICE::CERN::EOSALICEDAQ 0 10.66PB 2658 GB  10.66 P JOIO02SH 60 FILE 10.66P8 353 TB 10.31 ps [SISSASH|

9. CERN - EOSALICEO2 ALICE::CERN::EOSALICEO2 0 10.22PB 0.226 KB 10.22 PB - 1 TEST 10.22P8 2.689PB 7.53 P8 26.31% |

14. FZK - SE ALICE::FZK::SE| 1  9.046PB 8.344PB 719378 92.23% 211,870,207 FILE 9.197P8 8.754 PB 453.6 Tc JOSMEM

12. CNAF - SE ALICE::CNAF::SE[ 1 6.174PB  4.913PB  1.26 PB 79.59% 174,761,340 FILE 6.174PB  4.936 PB 1.237 P8 79.96% |

6. CCIN2P3 - SE ALICE::CCIN2P3::SE[ 1l  6.065PB  4.91PB  1.155 P8 80.96% 174,431,808 FILE 5313P8 4.913PB 409.9 T8 92.47% |

17. GSI - SE2 ALICE::GSI::SE2. 2 4.3PB  4.022PB 284.5 75 JOBISASEl 159,971,351 FILE  4.3P8  3.63PB 685678 84.43% |

45. RRC_KI_T1 - EOS ALICE::RRC_KI_T1::EOS | 4.152PB 3.848PB 311.4 78| 02.68% 122,505,785 FILE 4.152P8 3.897 PB 261.2 Te [9318650 |
36. NIHAM - EOS ALICE::NIHAM::EOS 2
1

3.4PB 3.081PB 326.67TB 90.62% 102,191,643 EOS 3.397P8 3.094PB 310378 91.08%'

34. NDGF - DCACHE ALICE::NDGF::DCACHE 3.27PB 1.726PB 1.544 PB 52.79% 35,951,666 SRM

0SS EJ

XRootD Server and Client plugins

direct FS-Level access skipping XRootD Data Servers
seamless integration into Grid and existing workflows
CHEP 2018: https://doi.org/10.1051/epjconf/201921404005
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Performance

First performance tests done with the
old ALICE analysis framework on the facility in 2017/18

Train processing rate
600

500

400

rate 0
[MB/s]

200

+ all jobs

m  first 98% of jobs

0 20 40 60
Jobs per Train
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CHEP 2018:

Train processing rate

System

+* all jobs
s first 98% of jobs

2000
Jobs per Train

https://doi.org/10.1051/epjconf/201921404005



https://doi.org/10.1051/epjconf/201921404005

Performance === 1L

First performance tests done with the
old ALICE analysis framework on the facility in 2017/18

Train processing rate Train processing rate

osT System

rate
[MB/s] “?

rate 0 )
[MB/S]r ) : 20000 !!

Demonstrated feasibility of 10 PByte/day goal

New analysis framework to further improve performance,
Run 3 analysis challenge currently ongoing

CHEP 2018: https://doi.org/10.1051/epjconf/201921404005
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Summary

@HP
@ sPbsU

PNPI
@ SNIC ®

JINR . telf )
RRCKI @@ RRC KL - .4 - 4
fae

@ LUNARC .
@ DCSC_KU Troitsk @
ITEP @

HEP @

Derby
SARA
§ S @ GSI_8Core - PoZnan

Birmingham -
RAL .’m o0 @ GSI_dcore @ @ wut
@] @ GSI_2core
@ GSI_AF
@GSI~  ®Prague @Cytronet 5" @
ey @ @Kt Koul
Vienna Bratic ey

ALICE Analysis Facility @ GSI operational

* reaches performance goals of 10 PByte/day

with Lustre-based storage backend o
¥ = transparently integrated into Grld /| XRootD

i [N
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