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An example computlng & data collaboratlon for the LHC

2 Samenwerken in onderzoek - een Nederlandse e-Infra aanpak

~ 1.4 million cpu cores
~ 1500 Petabyte
disk + archival

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

e-Infrastructures
EGI

PRACE-RI
EuroHPC
OpenScienceGrid
XSEDE (ACCESS)
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Data in the Dutch National e-Infrastructure )q@ FUuSE

@ . LHC run 2 data
& LOFAR 50 PB ‘raw’
‘ a0 Google searches Niklhef Fundamental
. Long Term Archive @\ s 03 PB .
43 PB 2 Sciences
S @ I;t;r:ry of Congress facebook Facebook uploads AST({ON . E-InfraStI'U Cture
US Census Uploads 180 PB Netherlands Institute for Radio Astronomy

4 PB o Census

lI’Nasdaq ® 3PB

LHC Run 3
>2021
~600 PB

SKA
Phase 2

SKA Phase 1
>2023
~600 PB

>2026
~1 EB

approximate volumes for LoC, Google searches dFB uploads from ~ 2018. Source - WLCG publicity pre:
ImgrySKAmld(S uth Africa) courtes ySKAO Silicon tracker composite photo Nikhef, KM3Ne TDOMd plymetmdl Nikhef and NIOZ
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Infrastructure for research is an ecosystem:
hardware, software, services, and ... people

am, e e et e

High-performance data processing

tore large volumes of data? Gur team of experts can
data proce ste
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Images: ATLAS Rucio volume, (from rucio.cern.cl ptical network: NDPF ‘deel’; User meeting Stoomboot Office Hours (both Nikhef)); Snellius opening visit; HPDC service page (both SURF)
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Connected globally via LHCone and Netherlight

LHCONE L3VPN: A glabal infrastructure for High Energy Physics data analysis (LHC, Belle I, Pierre Auger Obser|
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Collaboration in the data processing coordinated by SURF

Cumulative cores per community

Communities

ENMR: structural biochemistry
Project MinE: ALS (health)
Xenon: direct DM searches
TROPOMI: earth observation
DUNE:

* long baseline neutrinos
LIGO/Virgo:

« Gravitational waves

Alice, ATLAS, LHCD

* LHC (NL) experiments

#CPU cores in GINA facility (5.5k)

e o T - - - day (arbitrary 2 weeks)
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Scalable HPC strategy: from local “T2” to European “T0”

/Ii
e

. EuroHPC
LA -
CNeosc

Nikhef “Stoomboot”
Analysis Facility

PRACE
How to exploit

these unique systems?
access, expertise, and ...
| ; along-term vision
AN S— 14 on how research scales up
.. SURF National Infrastructure
solid foundation and essential stepping stone
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SURF als ‘linking pin’ tussen instellingen — en de wereld

-----

Gezamenlijk optrekken werkt

» ‘DNI’ federative computing service
» Data repositories DANS & 4TU.RD . LN
« HPC ‘Tier-2’ network (SURF & 8 instellingen) et * o
« data management - zoals ‘yoda’ met UU T =
» ‘digital competences’: data levend houden

314924558

New Yoda website launched - and collaboration Number of rows per page | 30
with SURF

BRI Daia MAn9gement w000y

.....

Maar dit werkt alleen als ook instellingen
infrastructuur als ‘asset’ zien, en durven investeren

en dan is dit een effectieve oplossing die misschien eens niet aan vendor lock-in ten prooit valt
zoals public cloud ... of zoals PURE & Mendelay, of Figshare (van die andere uitgever)
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Sharing more than resources:
from data to software & expertise

Beyond the ‘F & A’ of FAIR — infrastructure for
reproducible research with re-usable software

[ Thematic (domain-specific) DCCs
National coordination per domain, internatlONAL collaboration, brokering
domain expertise, collections, tools, FAIR-standards, training

Supporting local needs within constraints of
local infrastructure, budgets & policy
Institutional & domain data stewards, data science centres

\ Local DCC j \ Local DCC
A

Software and infrastructure essential to bring ‘dead’ data to life!
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Roadmaps from the three thematic DCCs - Digital
(ompetence Centres

stated. her TOCCs.

Downloads

=} Roadmap TOCCSSH
=) ror 1 smns

=]\ Roadmap TDCCLSH
] ot e

[y Roodmap TDC Natural snd Engineering Sciences (NES)
[&) et

Back

Uitvoeringsplan ICT infrastructuur

LT o

Integrale aanpak voor digitalisering
in de wetenschap

Uitvoeringsplan investeringen
digitale onderzoeksinfrastructuur

@
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Sharing expertise across domains — the ‘NES' example

Case study: Einstein Telescope seismic studies in EUregio Meuse-Rhine in E-TEST

(b) %A ¢ #c T L Ve(mis)

0 100 200 300 400 50} 4/
Offset (m) H

2 4

Data collected here is also useful for many others - outside of the ET plannlng
that span many ‘local’ organisations (UM/Nikhef, KNMI, Liege, Aachen,...)

ET impression: Marco Kraan (Nikhef) from “Terziet drilling campaign” https://www.nikhef.nl/wp-content/uploads/2019/10/Terziet-Drilling-Campaign-Final-NoC.pdf
Seismic data: S Koley (VU and Nikhef) Sensor networks to measure environmental noise at gravitational wave detector sites, ISBN 978-94028-2054-6; map image: etest-emr.eu project site
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https://www.nikhef.nl/wp-content/uploads/2019/10/Terziet-Drilling-Campaign-Final-NoC.pdf

ICT als onderzoeksinstrument

‘ICT infrastructuur voor onderzoek is geen office IT’

* research data is ‘born digital’ — research domein clusters
steeds beter in bepalen volume en inschatten behoeftes
« ‘digitale paragraaf in ESFRI RIs is strategische resource

* Open science, open data? groeiend beslag infrastructuur!

* research software idem: maintenance ‘eet’ in innovatie

Computing vraag blijft: open science is geen project
en ‘de instellingen’ gaan dit nu nooit alleen redden!

.
.
.
vl-e )4 ‘

X BiG Grid

the dutch e-science grid

I m ESFRIROADMAP  EVENTS ~ NEWS  WORLDOF
ESFRI

ABOUT > THE WORKING GROUPS

Data, Computing and Digital Research Infrastructures

Y- FuSE ...7?

2003 2007 2011 2015
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Infrastructure research for research infrastructures

Improving infrastructure

-

.
.

o*’

1 .

SURF DNI, Dutch data centres,
joint tenders, systems innovation

Accessing infrastructure
? -

Im‘p‘rq\_/“i‘r_]'g_ use & efficiency

Matrix d_C;

d_C.width = d_C.stride = C.width; d_C.height = C.height;
size = C.width * C.height * sizeof(float);
cudaMalloc(&d_C.elements, size);

// Invoke kernel

dim3 dimBlock(BLOCK_SIZE, BLOCK_SIZE);

dim3 dimGrid(B.width / dimBlock.x, A.height / dimBlock.y);
MatMulKernel<<<dimGrid, dimBlock>>>(d_A, d_B, d_C);

// Read C from device memory

Workflow engines, access, Rucio
data lakes, eduGAIN, SRAM, ...

Pipelines, machine learning,
GPU’s, Quantum Computing

Structure: fuse-infra.nl, images: Nikhef (nationalespeeltuin.nl), AARC Community, LHCb
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Riding the Infrastructure Innovation Chain together

Computing Operational Research
Sciences (near-term, NextGen storage,
Research 800G+ network, QC simulators)

= slicesri From Quark to Quantum ... with LHCb

Jacco de Vries: Maastricht University/Nikhef jdevries@nikhef.nl
Daniel Campora: Maastricht University/CERN dcampora@cern._ch
Kareljan Schoutens: UvA/QuSoft ¢ . m schoutens@uva.nl

David Groep: Nikhef davidg@nikhef.nl
Avriana Torres: SURF ariana.torres@surf.nl

current status of
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are af « vk opey sppentne saTASA
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uter Systems! Our modern futurg
b and, in turn, on sustained comy -
bing from small, embedded i
remarkable technology area Dnew

T + where data centers St
and related ICT Infrastructure enable over 3.3 million jobs and over 60% of the GDP, and novel
services and products, and where every €1 invested in such systems generates €15 in added value.
Sustained in capable have made the home to one
of the largest data hubs in the world. Cloud adoption exceeds 90% for economic organizations, and
65% for government and public education organizations. Our overarching goal with this document is
to highlight the grand societal, and scientific and challenges in future
computer systems and networking (the CompSys area), and to outline how to maintain the leading
position the Netherfands has in this area.

Future-proof digitalization requires ICT research and development (R&D), now. The Dutch

Government and societal stakeholders have identified an urgent need to expand economic and social I nvo IVI n g n O n _' S reS e arC h d O m al n S
Activities by leveraging and inteorating ICT in thelr knowledae nrocecses expertice and
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Operational innovation
(procurement, systems
vendor co-engineering)
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Interface: ae66,

Input bytes:
Output bytes:
Input packets:
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Output packets:
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Down @
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Up 66154 ()]
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Image: Tristan Suerink ﬂ
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Our science data looks akin to a DoS ... hence ...

shown: testing against SURFnet7

Vel verkeer weinig €@, .. other targets cannot be disclosed publicly
® pakketten A | o . —

206

Pauze BGP aanval

ot 010 a0 o440 0450 1500 0510 1520 053 1540 0550 0600
20100813 UTCH200 1 i nervals)

- = i@ o e on == eduVPN

=

§ = bits/s

106

team red

56

06:40

SOM
A0M
0 M
,g packets/s

20M

1M

0500 0510 0530 BS‘.’ID 0550 X ¥ 06:40
2019-08-13UTC+0200 (1 minute intervals)

o o © S

evaluating resilience to cyberattack - in adoperative way
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LCO2 cooling of an AMD Ryzen Threadripper 3970X [56.38 °C] at 4600.1MHz processor (f.5x nominal speed) sustained,
rjsing the Nikhef LCO2 test bench system (https://hwbot.org/submission/4539341 )
\ )

\ .

S~




-
> S

D i

-
o

David Groep

@ swer Nik]hef P

this work co-funded by and contributing to the Dutch National e-Infrastructure coordinated by SURF



