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Running large physics experiments

4+ experiments CERN
2+ experiments at BNL
1+ at ORNL

2+ JINR

And dozen+ others
- Many hundreds of PB/year



Future large experiments in preparation

* Large Synoptic Survey Telescope (Isst.org)

* The Square Kilometre Array
(https://www.skao.int)

* CTAO - Cherenkov Telescope Array
Observatory (ctao.org)

- Another many hundreds of PB/year



HEPIX.org

* The HEPIX forum brings together worldwide Information
Technology staff, including system administrators, system
engineers, and managers from the High Energy Physics and
Nuclear Physics laboratories and institutes, to foster a learning
and sharing experience between sites facing scientific
computing and data challenges.

 The HEPIX organization was formed in 1991, and its semi-
annual meetings are an excellent source of information and
sharing for IT experts in scientific computing.



The conference program

Site reports

Networking&Security

Storage&Filesystems

Operating systems, Clouds & Virtualization, Grids
Computing & Batch Services

IT Facilities, Business Continuity and Green IT
Basic and End-User IT Services

"Show me your toolbox"

In total: 54 contributions in the standard tracks (free abstract submissions) duration (incl. Q&A): 20 hours 40 minutes

- Total number of participants = 107



Data toolkits
trends In laboratories
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Data analysis toolkits

e coffea npeacTasnsieT cob0i NPOTOTUMN NakeTa A/

00beanHEHNS BCEX TUMNYHbIX NOTPEOHOCTEN aHauIn3a
3KCNEepPMMEHTOB Mo hu3nke BbICOKNX aHeprun (HEP) c
MCNoJib30BaHMeM aKocuctTembl Python.

- https://coffeateam.github.io/coffea/



Data analysis workflow

* REANA (REusable ANAlysis) is a software platform
developed at CERN (European Organization for
Nuclear Research).

~ REANA allows users to store and execute data analysis
workflows.

~ One of the key features of REANA is the removal of limits on
the number of times a workflow can be restarted. This
version also provides support for ARM.

~ REANA allows users to automatically mount any CVMFS
repository.
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Testbeds for analysis faclility

Next step: a CERN Analysis Facility Pilot

o Qur definition

+ Aninfrastructure that enables users to run their columnar analysis code (hence based on Coffea or RDF)
using primarily Jupyter notebooks as an interface and transparently using batch computing resources,

Where data can be accessed primarily from a local storage system, but when needed from external sites,
possibly taking advantage of a local caching [ayer

12



Testbeds for analysis faclility

Testbed setup and metric measurement
XCache XCache
- High performance client node =) = = =]
- Two AMD EPYC 7702 (128 cores) 25 Gh/e 25 Ghje
- 1 TB of RAM
- 20 SSD of 4 TB each (of which 10 in RAIDO) oo 19 er=s sb
- 100 Gb/s connection Client |§%| E%‘ |§§ 28| eos
« Two Xcache nodes
- Two Intel Xeon Silver 4216 (32 cores) . HSF PrMon ltool to measure performance
«  Wallclock time
- 192 GB of RAM . CPU time
« One with ~ 1 PB in HDD, the other with 32 TB in + Read bytes (from storage or network)
SSD « Time spent in data processing
CPU (pseudo) efficiency
* Sto rage SyStem = CPU time / (wallclock time x workers)
- EOS at CERN (EOSCMS and CERNBOX) - Average read data rate
+ read bytes / processing time




Linux distributions



Linux future discussion

e CentOS 71s1n EOL

e What will be after ... ?
— AlmaLinux (Rocky) 9.x
- Debian 10

 Now most laboratories plan (or use already)
AlmaLinux (Rocky) 9.3
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AlmaLinux’s ABI Compatibility < AlmaLinux

|-

-

AlmalLinux

L “Is AlmaLinux still a good choice"?
b CERN Linux team in constant touch with AlmalLinux upstream team
L Decided to keep course

b 95% from Stream + 5% from upstream projects
b Kernels are exactly the same
L We observed no issues so far

b Next checkpoint: Stream8 deprecation in May 2024

Ame Wiebalck: Preparing a multi-ecosystem Linux Strategy at CERN — HEPiX April 15, 2024
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Linux at CERN

Now

Supported Linux Distributions at CERN )

w=) Red Hat Enterprise Linux 8 & 9

L CERN has a site-wide license until 2029 ‘ Red Hat p
L Self-support in general, limited full support Enterprlse Linux

L We negotiated an “Extended Research Network"”

= AlmaLinux 8 & 9
b Free and open-source alternative 5‘9 AI ma Lin ux

b Credible fraction of capacity of WLCG services

L Containers

Ame Wiebalck: Preparing a multi-ecosystem Linux Strategy at CERN — HEPiX April 15, 2024

Nearest future

Linux at CERN: Status & Future Summary

|-

T2

8 & 9 for now ... 10 added most likely during H1/2025
Combination covers our use cases and roles
Excellent experience

RHEL contract ends in 2029 + AlmaLinux and RHEL are entangled
Can we build up a credible alternative in case we need one?

A lot of effort

17




Linux distribution for the Future

* RHEL (Red Hat Enterprise Linux) and clones are the primary
Linux distribution at numerous sites.

* AlmaLinux is currently the most popular RHEL clone. While
Rocky Linux is still in use, it is less common than it was

previously.

* Some sites continue to use Ubuntu as personal workstations
and Debian for server side. There Is Interest in positioning
Debian as a potential alternative to RHEL and its clones.

18



Computing
Infrastructure status
and upgrades



Computing cluster Upgrades

* Most laboratories shown upgrade in computing
performance (from 10% to 30% and more year-2-

year).

e All laboratories have at least 100Gbit external
connectivity.
- KEK upgraded to 400Ghit

- CERN tested 800Ghit

20



Cluster organization
Central computing system (KEKCC)

» KEKCC@Tsukuba is a leased system that is replaced every 4-5 years

» Current KEKCC started operations in Sep, 2020 et e

> Linux cluster (LSF) + storage system (GPFS/HSM)
» Grid system (ARC-CE, StoRM, etc)

Monitoring dashboard

> CPU: 15,200 cores rac02 R el o
» Intel Xeon Gold 6230 2.1Ghz, 380 nodes ] - —

» Disk: 25.5PB
» 17PB: GPFS for user groups
> 8.5PB: GPFS-HPSS interface (GHI) as HSM cache

» Tape: 100PB as maximum capacity

IR At B A2 AR
- @OKEK




Storage systems

EQOS, dCache:
Lustre;
Ceph;

HPSS (Hierarchical High Performance Storage
System from IBM);

Tape storage.
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Docs/Video/Zoom

* Streaming Science Globally: CERN'’s Live
Streaming Service

* https://indico.cern.ch/event/1377701/contributions/
5875772/attachments/2837852/4959552/
HEPIX 2024 cern_live_streaming_service.pdf
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Very much attention

— Cluster engineering infrastructure (cooling)
— Cluster engineering infrastructure monitoring
— Saving electricity & water
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Data transfer operations



WLCG Data Challenge 24 (DC24)

* Five experiments (ALICE, ATLAS, Belle Il, CMS, and LHCD)
participated in DC24. In general the center's infrastructure,
Including dCache and the network, successfully handled the
load without bottlenecks.

* The WLCG Data Challenge 24 (DC24) was a significant event,
with multiple sources mentioning it in the context of data
transfer, networking, and infrastructure testing. For example
during DC24, BNL reached its peak transfer target goals,
exceeding 200 Gb/s in both inbound and outbound traffic.
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Scitags

Scientific Network Tags (Scitags) is an initiative promoting identification
of the science domains and their high-level activities at the network level.

Goals

O

Provide standardised means of information exchange on network flows
between experiments, sites and network providers.

Improve experiments’ and sites’ visibility into how network flows perform
within network segments.

Get insights into how experiments are using the networks and benefit from
additional data from the network providers.

Make network performance tuning and troubleshooting easier and more

effective by gaining insights into how different network configurations impact

performance

@ ESnet GEANT ) “%LEHNF JisC FLLDIMEY STcRLIGHT =
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Home Dashboards LHCONE Network

%9

« CA-TRIUMF, DE-KIT, ES-PIC, FR-IN2P3, IT-INFN-CNAF, NDGF, NL-T1, PL-NCBJ, RU-JINR, RU-KI, UK-RAL, US-BNL, US-FNAL

IPv4 vs IPv6 in LHCOPN
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https://stats.labs.apnic.net/ipv6

Science and
Technology
Facilities Council

IPv6 Capable Rate by country (%)

Click here for a zoomable map
[/Remember current choice for 7 days




Computer components future
expectations



Trends in CPU

Up to 128 cores today, 200+ announced

Termal Design Power (TDP) to reach 1 kW/socket (liquid cooling)
- Current last generation 1U systems need heatpipes with big radiators to cool

- Expecting for next generation CPU’s that 1U systems will become rare and 2U or even bigger will
become the standard

GPU (Nvidia, AMD, Intel)

Al Accelerators
- Captive processors from Amazon (Trainium2),
- Google (TPU v5) and Microsoft (Maia 100)
- Intel Gaudi2, SambaNova SN40L, and others

31



Al accelerators

How much big tech companies spent on Nvidia's H100 chips in the 2023
calendar year
vee
cooge
wrazon
oace I
CoreWeave _
Alibaba 075
Lambda m
ByteDance m
Tesla m
$0 billion $1 billion $2 billion $3 billion $4 billion

From https://qz.com/nvidia-generative-ai-google-microsoft-meta-1851206854



Memory

* DRAM memory

 CPU's transitioning from DDR4 to DDR5
memory (up to 84007?)

- DDRG6 Iin 2026
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Storage
 SSD account for ~12% of enterprise storage
capacity
* PCle Gen 5 SSDs now available
 Tapes: TS1170 - 50TB / cartridge

34



IDC Storage Media Share

68%

The market share in
enterprise data centers
stays relatively consistent
and will continue to be for
years to come.

68%

@mHDD ©@TAPE/Other mSSD




Network

* Transition to 400GbE (4x100Gbs) in progress
 800GDbE (8x100Gbs) specification released in 2020

* Trends on WAN connectivity

- LHC network traffic exponentially increasing, will need Tb/s links on major routes
by 2029; Aggregate network traffic from ATLAS + CMS will be O(10 Th/s)

— Govs push moving to IPv6 soon (BNL, FNAL, CERN)

- Developments
e Better models and better automation

e ML for system optimization
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KpynHeunwine KOMnbOTEPHbIE

KOMMNaHU

Rank

~1

~1

~2

'y

Name

A

¢
S|

P
~J

Microsoft

Apple

NVIDIA

Alphabet (Google)

Amazon

Saudi Aramco

Meta Platforms (Facebook)

TSMC

Market Cap

$3.342 T

$3.181 T

$3.113 T

$2.222T

$1.967 T

$1.807 T

$1.255T

$902.22 B

Price

$449.78

$207.49

$126.57

$180.26

$189.08

$7.47

$494.78

$173.96

Today

0.92%

1.04%

3.22%

1.60%

0.36%

1.38%

0.81%

Price (30 days)

Country

In

USA

n

USA

L

USA

I

USA

L

USA

S. Arabia

USA

B Taiwan

From https://companiesmarketcap.com/
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Ha 4To 06patni BHMMaHune

* HapaBHe C 60/1bLIMMK KflacTepamm npoaos/nkeHa
NVHUA MUKPO-K/1aCcTepoB A5 UHTePaKTUBHOW
PaboThI.

* Maso BHMMaHNA yaeneHo TeXHO/10rnn
MaLlMHHOro oby4yeHus, xota Ha CHEP-2023 (man
2023) 6b1/10 0K0/10 10% BbLICTYNNEHNN LENTNKOM
NN KOCBEHHO YyNOMUHaJIN 3Ty TEMY.
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HekoTopble coobpaeHuns

* Cnepayert peryndapHo nocelarb KOHgepeHumo Tuna
HEPIX, 4Tobbl 6bITb B KypCce COObITUN.

e [1na noanep>xaHnUa popmbl crieayeT perynsapHo
OOHOBMATbL KOMMNbKOTEPHYIO UHJIPACTPYKTYPY
OTneneHus.

— Crtapble paboTatoLlime cepBepbl Mbl TOTOBbI OTAaBaTb
n6bIM coTpyaHnkam OPB3I ans nasibHENLWEro
MCMNOJ/Ib30BaHMUA.

40



PekomeHaauunu

* CepBepHy nHgppacTpyktypy OPB3I cneanyet
OOHOBNATL perynsapHo. MuUkpo-kacTepbil
(HECKOMIBKO XOCTOB) AJ1A OT/1al0K N OCBOEHUA
NMEeRLLINXCA MHCTPYMEHTOB, Hanpumep Jupyter
Notebook, REANA, CVMFES, mallinHHoe
obyuyeHue.
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3akryeHne

e CaunT Cc npe3eHTaunAaMmn BECEHHEN Ceccun
HEPIX-2024

— https://indico.cern.ch/event/1377701/
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Spare references on networking

NO I ED https://indico.cern.ch/event/898285/contributions/4039620/attachments/2121618/3571075/NOTED___ Hepix_Joanna_Waczynska.pdf

Global Network Advancement Group nttps:/mww.gna-g.net/

Shawn McKee / University of Michigan // Research Networking
Technical Working Group Status and Plans

— Scientific Network Tags (Scitags) is an initiative promoting identification
— of the science domains and their high-level activities at the network level.
— https://lwww.scitags.org/assets/img/chep_paper23.pdf

REANA -
https://www.epj-conferences.org/articles/epjconf/pdf/2019/19/epjconf _chep2018 06034.pdf
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