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‘Big Science’ needs some computing ...
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Larger scales for both facilities and computing

SKA-Low (impression, to-be-built in .AU)
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Sources: CERN https://wicg.web.cern.ch/; HADDOCK, WeNMR, @Bonvinlab https://wenmr.science.uu.nl/; Virgo, Pisa, IT; SKAO




More data is coming!
LHC run 2 data

& orar
300 PB ‘raw’

LIBRARY OF Library of Congress
SSSSSSSS ) ry 9
5PB ~

US Census P
4 PB Cénsiis

J¥Nasdag @ 3 PB

LHC Run 3
from 2022
~600 PB

SKA
Phase 2

SKA Phase 1
A
>2028 —The AN 2023
~1EB ) ~600 PB

Data from various sources, for
public entities: data ca. 2018,
indicative, within ~ factor 2
LHC volumes: LCG Resource Scrutiny Group & CERN; 2020
SKA and LOFAR volumes: ASTRON/Michiel van Haarlem, 2020
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Computing on lots of data 40 I\/Ievents/sec
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ATLAS

EXPERIMENT

Run Number: 266904, Event Number: 25884805

~ 10 seconds to compute
a single event at ATLAS
for ‘jets’ containing ~30
collisions

Date: 2015-06-03 13:41:54 CEST
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Display of a proton-proton collision event recorded by ATLAS 3 une 2015, with the flrst LHC stable beams at a coII|S|on energy of 13 TeV;

Event processing time: v19.0.1.1 as per Jovan Mitrevski and 2015 J. Phys.: Conf. Ser. 664 072034 (CHEP2015




Detector to doctor workflow

' 40 million collisions / second

proton Proworn

hard interactm
o= o
/ spectator quarks

P m—r

Classify particlesin 1
collision and their
physics properties:
- electrons

} - muons

| - jets consisting

of hadrons

(PhD) students, in
papers & analysis notes

Computing at Nikhef and in the world
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. SPATLAS

Trigger system selects
600 Hz ~ 1 GB/s data

diagram adapted from Frank Linde; images: ATLAS collaboration, Nikhef. ... and sorry for the GDPR-blur

- PatLas
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WLCG: when we met a global trust scaling issue

170 sites

~60 countries & regions
~20000 users

Just how many interactions

people photo: a small part of the CMS collaboration in 2017, Credit: CMS-PHO-PUBLIC-2017-004-3; site map: WLCG sites from Maarten Litmaath (CERN) 2021

Computing at Nikhef and in the world Nik|[hef




EXxam
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g “

ple: the worldwjpl LHC Computing Grd

~ 1.4 million CPU cores
~ 1500 Petabyte
disk + archival

170+ institutes
40+ countries
13 ‘Tier-1 sites’
NL-T1:
SURF & Nikhef

e-Infrastructures
EGI
PRACE-RI
EuroHPC

- ‘ OpenScienceGrid
. . ﬂ | XSEDE (ACCESS)

2

Earth background: Google Earth; Data and compute animation: STFC RAL for WLCG and EGIl.eu; Data: https://home.cern/science/computing/grid
For the LHC Computing Grid: wicg.web.cern.ch, for EGI: www.egi.eu; ACCESS (XSEDE): https://access-ci.org/, for the NL-T1 and FuSE: fuse-infra.nl, https://www.surf.nl/en/research-it






Joint SURF & Nikhef collective service — part of EGI, WLCG and FUSE
hosts WLCG, but also LOFAR radio telescope data, and ~100 other projects
59 PByte near-line storage (tape), 42.5 PByte on-line (disk), 27.6 k cores (cpu)
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DNI and NL-T1 capacity from 2023 DNI NWO, LOFAR, and WLCG,; see https://www.surf.nl/onderzoek-ict/toegang-tot-rekendiensten-aanvragen ; fuse-infra.nl
SURF tape total: ~80 PByte by end 2022; image library at Schiphol Rijk from Sara Ramezani; NikhefHousing: https://www.nikhef.nl/housing/datacenter/floorplan/
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limitation is power, not circuit size
and clock frequency is most ‘power-hungry’ |

1,000,000 -+

still some packages now @ TDP of 400W Intel CPU Trends

(sources: Intel, Wikipedia, K. Olukotun)

v ol

100,000 +

multiple cores on the same die helped
AMD EPYC Genoa (Zen 4) has 96 cores on die
Intel Cascade Lake AP looked like a cludge
but now Sapphire Rapids appears better again

CPU design-level performance gains left
predictive execution
out-of-order execution
on-die parallelism (multi-core)

pre-fetching and multi-tier caching
execution unit sharing (SMT) Image: Herb Sutter, Dr.Dobbs Journal 2004, updated 2009,
but at increased risk for security/integrity see http://www.gotw.ca/publications/concurrency-ddj.htm



Fix the th|n hat didn’t scale well, CPU frequency’?’?
~ ?: \ ""sJWJ-,M L,..,. "

ot -ts « v Y |
LCO2 cooling of an AMD Ryzen Threadripper 3970X [56.38 °C] at 4600.1MHz processor (~1.5x nominal speed) sustained,
using the Nikhef LCO2 test bench system (https://hwbot.org/submission/4539341) - (Krista de Roo en Tristan Suerink)
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. since you then need this around it ...
- 1 |l‘r‘3|_i|c'iti"ftvﬂ storage ,%

2PACL with PLC Insulated test box

(| .

——

Sm-

lulal 0 cryostat

» ”i 4
gy Electronics rac \ ‘
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Nikhef 2PA LCOZ2 cooling setup. Image from Bart Verlaat, Auke-Pieter Colijn CO2 Cooling Developments for HEP Detectors
https://doi.org/10.22323/1.095.0031
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Accelerators — general purpose GPUs

Control

MI250X MCM
istors in 6n

but co-processing comes at a cost of
moving data to and from the GPU
often faster to keep computing and do
selection & conditionals later
computation speed heavily depends on
precision (even 4-bit precision is used)
quite power hungry!

AMD MISOX MYM A HESH-FioBe s

Image: ‘Massively Parallel Computing with CUDA’, Antonino Tumeo Politecnico di Milano, https://www.ogf.org/OGF25/materials/1605/CUDA_Programming.pdf
Floorplan image of die: AMD MI250 GPU, slide source: AMD
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SuperMicro (branded as ‘Lambda Blade’)
4U chassis, supporting 10 consumer-grade GPUs ...

... with a bump
Image source: https://lambdalabs.com/products/blade



Scaling up — beyond one lone motherboard




Physical farms: selecting the ‘worker nodes’

For HTC applications
— like WLCG, SKA, WeNMR —

typically

balanced features for node throughput
(CPU, storage, memory bandwidth, network)

single-socket multicore systems are fine,
typical: 64-128 cores per system
network: 2x25Gbps

(+ ‘out of band’ management like IPMI)

memory: 8 GiB/core

local disk: 4TB NVME PCle Gen4 x4

+ space (physical + power) to add GPU

Image: Cluster ‘Lotenfeest’ at the Nikhef NDPF, acquired March 2020. Lenovo SR655 with AMD EPYC 7702P 64-Core single-socket
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WLCG computlng conveniently parallel

poddiddsdantiskbvhd Ay b
Week 34 Week 35 Week 36 Week 37 Week 38 Week 39

i A ﬁ;r:gff‘@‘ A by M Mawﬁmwa,, Heee

O pxenon  [DEF=lhcalice

B ligo DEF=lhcalice
O biome DEF=lhcalice
Week 34 Week 35 Week 36 Week 37 Week 38 Week 39
GROUPCFG [auger] FSTARGET=3 PRIORITY=200 MAXPROC=500 QDEF=augerbig
GROUPCFG [augsgm] FSTARGET=1 PRIORITY=300 MAXPROC=2 QDEF=augerbig

QOSCFG[augerbig]  FSTARGET=3

# if these are gueued, they will generally be of highest priority.
# limit their MAXIJOBs ... we really want two non-ATLAS VOs to be
# of rank higher than ATLAS before we drain the multicore pool.

GROUPCFG[virga] FSTARGET=25 PRIORITY=200 MAXPRGC=2700 MAXIJOB=10 QDEF
=biggrid
GROUPCFG[1igo] FSTARGET=23 FRIORITY=200  MAXPROC=2T00 MAXIJOB=10 QDEF
=biggrid

# local groups

GROUFCFE[atlas) FSTARGET-10  PRIORITY=200  MAXPROC=2200 QDEF-niklocal

‘like milking cows’ (if you feed them lots of power first)
parallel access to data comes at a cost of high IOPS

Computing at Nikhef and in the world Nik|hef



NDPF ‘WLCG and Dutch National Infra’ cluster

Runnlng jObS period: March 2021 .. October 2022
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ek Waiting jobs (Week 40, 2022) | 0 atlaspil
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; 1.4 k ] enmr
m —3' 1.2 k I"%“ i | ] other
O vex l W “ A b aab
g ook I L M'"‘» ¥ S L it
_O [} 0.6 k ’,‘M L “ 1‘“ ] Hr'ﬂt *Wnﬂm 11\ AL inl Lﬂi"ﬂu J ,ﬂ\wﬂ b
0.4 k | : bl
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Tue Thu i Sat Sun Mon Tue Thu

drainage event on Sept 27 are nodes belng moved to the LIGO-VIRGO specific cluster; Source: NDPF Statistics overview, https://www.nikhef.nl/pdp/doc/stats/
‘other’ waiting jobs are almost all for the Auger experiment - GRISview images: Jeff Templon for NDPF and STBC
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> 1 system

> 1 site

R ‘ > 1 user group
O "3& > 1 organization
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o X Y More than one ...

..... P More of more than one ...



Fancy an interactive console install?

H234bC11,jpg
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Images: Nikhef Housing H234b NDPF science processing data centre
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Global computing and workload management

Job Description Language
Executable = /bin/MyJob
Arguments = —-wait=20s
InputSandbox = Favlcon.ico
Requirements =
GlueCEUniquelD ~ .nl

Rank =
EstimatedResponseTime

Resource
Broker

2" Storage Element (SE) H
(DPM, dCache, CASTOR) :

Compute Elements (CE)
(PBS. LSF, Condor, SGE)

Storage Element (SE) .
(DPM, dCache, CASTOR) E

Computing at Nikhef and in the world Nik|hef




High throughput computing is also about data

6]

FTS Transfers (30 Days) ¢ @ > OlLastaodays vc & -

Group By  dst_federation * VO  atlas+Ihch Source Country  All ~ Dest Country  All~ Source Site  All v Dest Site  All » FTS Server  All v Bin  auto~ Filters 4
Volume Transfered / Number of Transfers

20P8 35 Mil

18PB
3.0Mil

1.9 PB N\ T T R gy T T T

1378 /
< . - 20m Z
£ . 2
£ g
5 10e8 e
2 =
g g
3 15mil &
= H
. I . - I
- C = -
s - B —_
- —
I 500K
2507 .
0B ! — — - N T - 0
8/30 95 911 ans ang
— ATLAS Federation = ATLAS Federation DESY = ATLAS Federation FR/W == ATLAS Federation, HH/Goe == ATLAS Federation, Munich == CA-TRIUMF == CH-CERN == CHIPP == CMS Federation DESY RWTH Aachen == CPPM, Marseille == Canada-East Federation == Canada-West Federation = DEKIT w= DETierds == ESPIC == FRCCINZPS — FR-Tierds
FZU AS, Prague GRID LAB, KAVALA Institute of Technalogy GRIF, Paris — Great Lakes ATLAS T2 — ICEPP. Tokyo IHEP. Beijing — IL-HEP Tier-2 Federation = INFN T2 Federation — ITINFN-CNAF — [T-Tier3s — LAPP Annecy == LBNL ALICE Berkeley CA == LIP Tier-2 Federation == LPC, Clermont-Ferrand == LPSC Grenoble — Latin America Federation
London Tier 2 == Midwest ATLAST2 == NDGF == NL-T1 == NRCKI-T1 == NULL == MorthGrid == Northeast ATLAS T2 = Polish Tier-2 Federation == Romanian Tier-2 Federation == Russian Data-intensive GRID == ScotGrid == Slovak Tier2 Federation == SouthGrid == Southwest ATLAS T2 TW-ASGC Taiwan Analysis Facility Federation Turkish Tier-2 Federation
UK-T1-RAL UST1-BNL US-Tier3s University of Melbourne ZA-Tier3s == unknown = Transfers

source: https://monit-grafana.cern.ch/d/000000420/fts-transfers-30-day ; data: November 2020 ; CERN FTS instance WLCG: daily transfer volume ATLAS+LHCb

Computing at Nikhef and in the world Nik|hef




Het vroege internet ...

foP 10

THE ARPA NETWORK

PDEC (949

Y nNoodes

Image source: Alex McKenzie and "Casting the Net", page 56. See https://personalpages.manchester.ac.uk/staff/m.dodge/cyberge ography/atlas/arpanet2.gif ; acoustocoupler: Wikimedia

Computing at Nikhef and in the world N i% ef




How does 100 Oor now 400 Glgablt per second look?

Thuis ‘FttH’
~1Gbps BX
single strand, SC ;

4 Nikhef
Data Processing
Facility

N router ‘deel’

een KPN FttH
PoP in de wijk

vergelijk:
VDSL BR straatkast
voor als je nog

l op XDSL koper zit

26 Computing at Nikhef and in the world Nik|[hef



‘Elephant streams in a packet-switched internet’

Moving stuff around

wheelbarrows work fine in your garden
want to send it to different places?
Use waggons on a train, or ships,
going always from A-to-B anyway?

A conveyer belt will do much better!

... although you still need
a hole todump itin ...

Image conveyor belt tunnel near Bluntisham, Cambridgeshire by Hugh Venables, CC-BY-SA-4.0 from https://www.geograph.org.uk/photo/4344525

Computing at Nikhef and in the world Nik|[hef




A quick look at internet routing ...

¥ Traceroute measurement to linuxsoft.cern.ch (multihomed)

General Information Probes Map TraceMON [ Results

network paths
from various places
In Western Europe

]

towards an IP address at CERN 0

& RIPE NETWORK COORDINATION CENTRE

Data: RIPE NCC Atlas project, TraceMON IPmap, atlas.ripe.net, measurement 9249079

28 Computing at Nikhef and in the world Nik|hef




Many paths to Rome ... i.e. to your server

From a home connected to Freedom Internet to spiegel.nikhef.nl

[root@kwark ~]# traceroute -6 -A -T gierput.nikhef.nl
craceroute to gierput.nikhef.nl (2a207:8500:120:2010::46), 30 hops max, 80 byte packets

1 2210-3781-17bé&.connected.by.freedominter.net (2al0:3781l:17bé6:1:de35:6£ff:fe6b:4558) [AS5206238] 0.810 ms 1.052 ms 1.330 ms

2 2al0:3780::234 (2al0:3780::234) [AS5206238] 7.460 ms 7.655 ms 7.705 ms

3 2al0:3780:1::21 (2al0:3780:1::21) [AS5206238] $5.868 ms 9.054 ms 9.103 ms

4 et-0-0-1-1002.corel.fi00l.nl.frecdomnet.nl (2al0:3780:1::2d) [AS5206238] 10.017 ms 9.934 ms 10.263 ms

5 as1104.frys-ix.net (2001:7f8:10f::450:66) [*] 10.898 ms 11.744 ms 11.797 ms

& gierput.nikhef.nl (2a07:8500:120:e010::46) [A51104] 11.502 ms 7.800 ms 7.357 m=s

but from Interparts in Lisse, NH:

[root@muis ~]# traceroute -6 -4 -I gierput.mikhef.nl

Eraceroute to gierput.nikhef.nl (2a07:8500:120:2010::486), 30 hops max, 80 byte packets

1 2a03:e0c0:1002:6601::2 (2a03:e0cD:1002:6601::2) [A541560] 1.380 ms 1.371 ms 1.369 ms
2a02:690:0:1::b (2a02:650:0:1::b) [AS5415960] 1.305 m=z 1.312 ms 1.312 m=
et—-6-1-0-0.asd00Z2a-inx-01.surf.net (2001:7f8:1::a2500:1103:2) [A51200] 1.957 ms 2.000 ms 2.052 ms

ac47.asd001lb—jnx-0l.surf.net (2001:610:e00:2::45c) [AS51103] 2.443 ms 2.505 ms 2.507 ms

=1 & o L kD

gierput.nikhef.nl (2a07:8500:120:e010::46) [AS51104] T.922 ms 8§.093 ms 5.081 ms

irb-4.asd002a-jnx-06.surf.net (2001:610:f00:1120::121) [AS51103] 2.041l ms 2.138 ms 2.138 ms
nikhef-router.customer.surf.net (2001:610:f01:9124::126) [AS1103] 8.577 ms 7.957 ms 7.551 ms

AS41960: Interparts; AS1200: AMS-IX route reflector; AS1103: SURFnet; AS1104: Nikhef; AS206238: Freedom Internet — on the FryslIX there is direct L2 peering

Computing at Nikhef and in the world
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Where do internet packets go anyway?

Border Gateway Protocol
(BGP) used here is based on
(weighted)

path vector traversal
mechanism

/
/4 1am IP Max, AS51530, and B 1 am Zayo, AS6461, and will “\
,, like to take Swiss things take you where you want WV N

.. if you pay us \\ \

| am CERN, AS513, and | want,
to send this to lehef AS1104

lam ertyGIobaI
ASHA41, and for a prl‘e

S
ill '
S bring your somewhere Rear

\
| am KPN, AS286, and

ﬂi

1 \ ,WI | take you anywheﬁe \
RN
! )\ S -_____
1
1 : / N
Iwanttosentthisto | b’ (N
e.g. 194.171.96.130 II Iam'gunrlse CH, AS6730, and w\l 194.171.96.128/25
1 #ring you somewhere — | hope ..} e e
1 L’ is here at AS1104
1
'. Y amyNikhef, AS1104!
'GENIT— _-._-._-._______-__’Iam SURFnet, AS1103, and L‘just ome here!
I’'m GEANT, AS20965, and | can can bring you to AS1104 quickly
get you to AS1104, but via AS1103 T N ===
an Nik[hef

grey-dash lines for illustration only: may not correspond to actual peerings or transit agreements;
red lines: the three existing LHCOPN and R&E fall-back routes; yellow: public internet fall-back (least preferred option)
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Typical data traffic to and from the processing cluster

168 G
148 G
128 G

166 G

Ba G | |
68 G ” ‘||’
|

hits per second

48 G

28 G

L
Jul .Aug . Efep.ﬂc't Mov Dec Jan Feb Har.Apr.Hay'Jun.Jul .Aug . Eep.
O Max Average bits in B Average bits in B Max Average bits out
B fverage bits out

]

Source: Nikhef cricket graphs period June 2021 — October 2022 — aggregated (research) traffic to external peers from deelqfx — https://cricket.nikhef.nl/
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LHCone (“LHC Open Network Environment”) — visualization by Bill Johnston, ESnet version: October 2022 — updated with new AS1104 links
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CLOUDFLARE

Just one random F 1 s
(smallish) 2 ) oo
autonomous

system

DNI SURFsara
Storage + compute +

AS1162

100
AS1103

100Gbps  LHCOPN
LHCone
+3x10 Gbps

DataDigest

1 Gbps—__|
Prolocation

3 RETN

160 (16x10) Gbp

®

parkwachter NSPTA.

AS1199 K%

LLight CERN!
AS513

5

400G

4x10 Gbps 2x40 Gbps

8x40+4x100Gbps
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®)

12x40-12x100Ghps
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S desktops
& servers
<

&)

InterParts Lisse
AS41960

@
@ HLM3 BCDR

DL

X

NDPF NDPF

Storage Storage HTC Stoomboot HTC DNI/Grid
Stoomboot DNI/Grid

Ganymede, Jupyter mwmk;ﬁc?“
woeo INLk|hef AS1104 o2,
AS1104

NDPF Compute NDPF Compute;

dd. 2023.01.22 rev 01
Nikhe f-Interconnects-schematic-2023-02.vsdx
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Exercising the network — sensor data and events

§ - Lai\
Interface: ae66, Enabled, Link is Up
Encapsulation: ethernet, Speed: 1200000mbps
Traffic statistics: Current delta
Input bytes: 491308044270834 (522650585576 bps)  [455708529457430]

Output bytes: 55684866 (49256 bps)

Input packets: 7676688082851 (1020790999 pps)|INONA "s?zj

Qutput packets: 418932 (48 pps) T
Error

Ing

Ing
Ing aeld Up 48975582 47) 902463 @

Car ael Down 0 @ 0 @
ae66 0 (D) %} ()]
et-0/0/0 93484231 (D) 238363968625424 (593093300)
et-0/0/1 > 064584 8 2477C (())
et-0/0/2 Down

e /.00 Gbps and 593 Mpps — %
e connected to CERN via SURF S

et-0/0/5 @
| = et-0/0/6 -
—f et-0/0/7 ‘tsuerinkf@deelqfx-re@> ping i instance LHCOPN 192.65.183.25 size 6@@@

e o e =e=, F_‘ING 192.65.183.25 (192.65 z 288 data bytes

Interface Link Input packets (pps) Output packets (pps)

8 bytes from 192.65.183.
ytes from 192.65

a1y n 102 F

Image: baIIenbak.niI:h'éf.nI, Tristan Suerink
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En ...

hoeveel gebruikt dat dan?

Eén server gebruikt zo’n 260W!

Power

400kW aan — waar blijft dat dan?

De snelste CPU is voor ons niet altijd de beste
(sorry gamers!). Want 5 jaar energie en beheer
zijn even kostbaar als de server zelf!

21% van het vermogen is nodig om te koelen, maar:
we mogen 3500GJoule/jaar (~112 kWjaar, ~982 000 kWh)
aan studenten tegenover leveren om ze warm te houden ! ¢
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