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ALICE upgrade general

®

ALICE

p-p and HI physics

10x integrated luminosity

100x event rate of Run 1/2, 10x more data
Continuous readout

Focus on data compression and real time
(synchronous) data reconstruction

=> Reasonable rates and data volumes

—a— .
after compression to storage and secondary

data formats
Adherence to ‘flat budget’ resources funding
for data processing and analysis
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Data flow and data rates ALice
i TO/T1 Async.
Processing,
Analysis T2s MC
production,

Analysis

CTF
20GB/s

RAW data l 3.5TB/s

First Level
Processors AQOSs,
(FLP) MCAODs

~10%

STF - data 600GB/s

from single Compressed Analysis
FLP Time Frame Facilities AOD - Analysis Object Data
(CTF) 10ms AODs, MCAOD - AOD from MC
MCAODs

100GB/s
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The O2 facility (EPNSs)

®

ALICE

Container-hosted computing facility located at
the ALICE site, PUE<1.07

High-throughput system, heterogeneous
computing platform (CPU+GPU)

250 dual CPU nodes (ROME, 64 cores, 512GB
RAM) with 8 AMD (MI50, 32GB) GPUs/node
Functions

O

o O O O

Data aggregation (Detector STFs to global CTF)
Synchronous global reconstruction

Calibration and data volume reduction

Quality control

Asynchronous data processing
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Synchronous data processing ALICE

e Goal - to compress the RAW data by about factor 35 (3.5TB/s -> 100GB/s)

e Through zero suppression, clusterization, tracking, optimized data format
o Mandatory use of GPUs (~40x faster than CPUs)
o All synchronous level software is written for GPUs for all detectors

Pb-Pb @50 kHz IR

2 ms drift time ) ~ i 1:'r_." ~ i ATy N 2
TPC reconstructed tracks from UnaSS|gned clusters (..HOIS 4R ecqnstructed tracks

different colour-coded events Removed clusters  Failed fits




A Large lon Collider Experiment %

EOS data buffer for O2 facility ALTCE

e 100PB raw capacity, RS erasure coded (high level of data security)
e Based on cheap JBODs, SATA drives, EOS managed

cpne MMUMUCEECMN  O2 disk buffer ~7GB/sec [ 1
- EOS, 100PB raw CTA*

Async 40GB/sec read ~3GB/sed
processing 4GB/sec write

EPNs + TO

*CTA = CERN Tape Archive



RAIN configuration effect on capacity

B Usable ¥ Redundancy
ALICE setup Slide borrowed from A. Peters

0 20'000 40'000 60'000 80'000 100°000 120'000

RS 442 < Equivalent of RAID-6, for comparison

RS 8+2

Conf.1 - 84PB useful space
RS10+3 - higher redundancy level
RS 1043 until space available, reduces to
RS10+2 when storage is full
RS 1243
Conf.2 - 89PB (+6%) useful space
dokisis RS16+3 - higher redundancy level
RS 1643 until space available, reduces to
RS16+2 when storage is full, more
RS 16+4 network activity
RS 20+4

<€—— Equivalent to RS10+2, more network
activity



A Large lon Collider Experiment

EOSALICEOQOZ2 instance ALICE

Total Space Used Space Free Space

Instance managed by CERN IT

90.57 8

AliEn SEs availability for writing S o
o
Q
o [
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb §
2021 2022 g
Colormap ] 0 — 80% 80 — 90% 90 — 95% 95 — 98% I 98 — 100% B 100% -

Not corrected for planned interventions
Statistics

2 Data Individual results of writing tests Overall
Link name

Starts Ends Successful Failed Success ratio Availability
CERN::EOSALICEO2 20 Feb 2021 01:07 20 Feb 2022 00:27 8744 7 99.92% I

ONLY 8 hours of down time for entire year
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Usage of the disk buffer in the past year

e Since July global commissioning with cosmics
runs and pilot beam tests

——— o Up to 40 PB of commissioning and test data
.~ Cosmics runs o 10 PB of pilot beam data

08
09/01 09/08 09/16 09/23 10/01 10/08 10/16 10/24 10 11/08 1116 ms 12/01 12/08 12116 12/24
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Usage of EOSALICEOZ2 disk buffer - cont. ALICE

® The buffer is essentially in production for ALICE from mid-May
o Used in all stages of ALICE commissioning data process
e Since then several updates
o Space was increased to 90PB
o Software updates were done as necessary
o All was done transparently by IT experts and did not affect the availability of the
storage
e |n addition - several rate tests and challenges
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CERN CTA data challenge

All together at (scaled) nominal rates

ALICE

AODs from async

processing
TO CPU ]\‘
Transfer to CERN CTA @10GB/s AODs from async '
processing A{ EOSALICE ]
Write to EOSALICEO2 CTF for asyno.
processing
CTF+calibration [ EOSCTAALICE ]
EOS Total 10 data
60 GB/s

CTF for async:

50 GB/s processing

40 GB/s

20GB/s
10GB/s

i =
06/2100:00 06/2108:00 06/2116:00 06/2200:00 06/2208:00 06/2216:00 06/2300:00 06/2308:00 06/2316:00 06/2400:00 06/2408:00 06/2416:00  06/2500:00

11.2GB/s

bytes_read

== bytes_written 20.1GB/s

EOSALICEO2

CTF to custodial
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Custodial storage challenge strategy

(14%)

CNAF
(29%)

GridKA
(21%)

Disk

Transport protocol - xrootd (TPC)
Data transfer - Compressed Time Frames
File sizes 1.95GB

CCIN2P3

R
N

EOSALICEO2

02 disk buffer

D

RRC-KI
(14%)

The percentage in brackets denotes
the data share of each T1 centre
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Data transfer rates over 5 days

SEs average transfer rates

4.395 GB/s
415 GB/s
3.906 GB/s
3.662 GB/s
3.418 GB/s
3174 GBJs

293 GB/s

2686 68 Target rate 2.81GB/s

2441 GB/s

2197 GB/s

Transfer speed

1.953 GB/s

All transfers through TPC

1.709 GB/s
1.465 GB/s

1221 GB/s
pe sg se®a .
1000 MB/s Prelt Taeeny, pet-h

750 MB/s

.. ’ \

X -"-"'""-\.‘ PR of3 Ty % 0 Aossene

500 MB/s / "‘:;‘m:\ i I i 2 <) :
Ve v

250 MB/s
¢ i S *
0B/s S -7

. Pec, Sl ~ o
LA S -:‘!‘:.f::m“.....' ,l”" "”‘0'«“ ,““-Jc."‘ \.‘:'..“h";-‘l'."'
> i

" o TN i it Nyt 1

.o et Spnvess, W N

12 13 14
Oct 2021

-#-SUM - CCIN2P3::TAPE - CNAF::TAPE - FZK::TAPE —-KISTI_GSDC::CDS -~ NDGF::DCACHE_TAPE - RAL:TAPE - RRC_KI_T1::DCACHE_TAPE
-+ SARA::DCACHE_TAPE

ALICE
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Client-server tests ALICE

® Test of data transport with xroot from EPN and comparison of rate and

behaviour of two methods
o C++ application streaming data from memory using the xroot API
o xrdcp from disk

® Stable unattended operations for 72 hours with no losses (EPN to EOS)

o At nominal data taking rate, IB to ENET gateway in place

o With nominal file size, same as above

o Weekend-long unattended test as soon as EPN machine room certified
o Same workflow injecting/provoking common failures (EPN and EOS)

14
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Test use cases - unattended operation

e Running since 13 May (12 days)

o Minor and partially understood issues with network

42,92 GB/s

3815 GB/s

33.38 GB/s

28.61 GB/s

Traffic IN

14.31 GB/s

9.537 GB/s

4.768 GB/s

0B/s

15.07 GB/s

o

o
£ 953768/5

£

4.768 GB/s

0B/s

23.84 GB/s

19.07 GB/s

(=
2 14.31GB/s

Network traffic on ALICE::CERN::EOSALICEO2

Network card reboot

=

12

14| 15 ST (T
May 2021

ALICE
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Test use cases - rate tests ALTCE

EOS Total 10

40 GB/s

2021-05-19 11:05:00
bytes_read: 249 MB/s
=bytes_written:  8.58 GB/s

35GB/s

e 10 nodes, 20 streams/node, 2GB file &

25GB/s

Network traffic on ALICE::CERN::Eji
66.76 GB/s

Sos e Substantial
57.22 GBJs 1 = =
internal traffic -

52.45 GB/s
47.68 GB/s
42.92 GB/s
38.15 GB/s |
33.38 GB/s
2861 GB/s
23.84 GB/s
19.07 GB/s {
14.31 GB/s |
9.537 GB/s
4.768 GBJs 1
0BJs
33.38 GB/s
2861 GB/s
23.84GBJs |
19.07 GB/s
14.31 GBJs 1
9.537 GB/s
4.768 GBJs B
0BJs

Traffic IN

s of nominal rate with %
of the total storage

Traffic OUT

——— ———

[ —— o - ———— — —
1058 11:01 | 11:04 11:07 | 11:10 = 11:13 | 11:16 @ 11:19 | 11:22 | 11:225  11:28 | 11:31 | 11:34 | 11:37  11:40  11:43 | 11:46  11:49 | 1152  11:55 | 11:58
19 May 2021

CEST time 16




Latest (25 January) rate tests from

e Injecting 110 GB/s with 480 streams for 8 hours

EOS Total 10

200 GB/s
150 GB/s

100 GB/s \‘ A f e e 2022-01-26 02:25:00
bytes_read: 367 MB/s
= bytes_written: 110 GB/s

50 GB/s

0B/s
04:00 08:00

bytes_read 4.24GB/s 714 MB/s

== bytes_written 164 GB/s 80.1 GB/s

e EOS performance with RS(10+2)
o Avg bandwidth write-only > 140 GB/s

o Bandwidth reading+writing (1:2 ratio) 100 GB/s reading + 110 GB/s writing concurrently

o Bandwidth read-only > 225 GB/s (peaks at 248 GB/s)

EOS
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Summary ALICE

e ALICE will use an IT developed and deployed EOS storage for the critical
function of real-time raw data recording and offline processing
o It has been installed and is called EOSALICEO2
e The size is 100PB (raw) 84PB useful
o Sufficient to hold all collected data for a period of 1 year
o It also implements adequate data protection through erasure coding
e The buffer functions
o Receive data from the EPN compression facility
o Serve it to the processing farms and to the custodial backup at CERN and T1s
o  With high r/w rates - up to 120GB/sec during Pb-Pb data taking (write) and up to
40GB/s sustained (read)
e \Various test throughout the past year have confirmed the EOSALICEO2
capabilities for all foreseen use cases
o Ready for Run3 data taking 18



