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High-Performance Computing |
Environement

Philippe Segers

GENCI Head of European HPC projects

PRACE Board of Director
Thanks to Peter Dueben ECMWF, Bjorn Stevens MPI-Met, Marie-Alice Foujol IPSL,

Francois Bodin Irisa, Emilie Germetz Neovia, Olivier Oldrini Amplisim, David Defour LAMPS
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PRACE | members

Hosting Members General Partners (PRACE 2)

» France » Austria » Luxembourg

» Germany » Belgium » Netherlands

» ltaly » Bulgaria » Norway

» Spain » Cyprus » Poland

» Switzerland » Czech Republic » Portugal 4 XEG.N,; ::RMANY

Lwiietre | oz

» Denmark » Slovakia S\mrzgmmg:wﬁ}%?
» Finland » Slovenia i
» Greece » Sweden Naae.
» Hungary » Turkey

Observers » lIreland » United Kingdon’l

»  Croatia » Israel et

» Romania

4

A
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PRACE | what we do

» Open access to world-class HPC systems to EU scientists and researchers

» Variety of architectures to support the different scientific communities

» High standards in computational science and engineering

» Peer Review at European level to foster scientific excellence

» Robust and persistent funding scheme for HPC supported by national
governments and European Commission (EC)

» Support the development of intellectual property rights (IPR) in Europe by
working with industry and public services

» Collaborate with European HPC industrial users and suppliers

» PRACE Ada Lovelace Award For HPC 2021- Nominations Are Now Open
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JUWELS (Module 1):
Atos/Bull Sequana
GAUSS @ FZJ, Julich,

PRACE | Tier-0 Systems in 2020 >

#7 in Top500 & #3 in Green 500
(Nov. 2020)
JUWELS Booster

MareNostrum: [BM Piz Daint: Cray XC50 SuperMUC NG : Lenovo
BSC, Barcelona, Spain CSCS, Lugano, Switzerland g“StiT GéUSS @ I#?g
i ’ #10 Top 500 arching, Germany

#38 Top 500 p S

NEW ENTRY 2020 =8
HAWK: HPE Apollo ==

GAUSS @ HLRS,
Stuttgart, Germany

© by Ben Derzian for HLRS

NEW ENTRY 2018 MARCONI-100: IBM
JOLIOT CURIE : Atos/Bull Sequana CINECA, Bologna, ltaly
X1000; GENCI @ CEA, Bruyeres-le-  #9 Top 500

Chatel, France #34 Top 500

Petaflops of peak

The Partnership for Advanced Computing in Europe | PRACE
performance



http://www.prace-ri.eu/

1010001011
01001101010010 ( 0110 J1101001001001101010010100101011001010011010110100100011010110100
10010110100101¢ 0010110101
100101001101011010010101101000100101101011010100101001010110010100110161151001010110100010010110101101
)0100110010101101000011001010110700101101001070710110070T0100T0041 00

> PARTNERSHIP FOR ADVANCED COMPUTING IN EUROPE U1I0H01001010100001010010110101101010010100101011001010011010110100101010
101001010110010100110100101010010110101010010110101101010010100101011001010011010010101007107

100001010010
| ) "‘EUWUUWIDOWDHH101[][]1[]110[]][]1[]11010[]1011[]Il][]]UIU1U11UU]‘[}]D1U01001mnlmrmv'

101001011 1l ' *
21001 ( 0100100110010070NTATERSS==

g1nn1TTnTRTee

European Cloud Initiative

_—Network —__

) EuroQCI
European | ™™ < European

Data Open

. e e Data .
Initiative Y Bov Science

Boosting the value of EU Big Data research as part
of the EC strategy to promote a data economy

(EDI) Cloud
——— Instruments — (EOSC)

e e

v

3

Enhancing European Science, Economy and Society
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PRACE | in the EuroHPC era
» PRACE position paper PRACE in the EuroHPC era published (Jan 2019)

» Offer to provide processes and activities as a partner of EuroHPC

» Future Services towards EDI: Data, Industry, GEANT, new HPC services

*x»**

. " PRACE *
X A

PRACE in the EuroHPC era

A summary of the position paper

TSV N A‘ﬁl‘ﬂ\
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PRACE 3 | 3 Basic Pillars

| Joliot|
‘ Curie

»‘***

Access
Services

@by Ben Derzian for HLRS

The Scientific Case for
Computing in Europe
2018-2026

>
)f**

Know-
ledge
Services

o PRACE
¥ *
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European European HPC

HPC Infrastructure Ecosystem
" PRACE -

G'(A>NT<7

European
Processor
Initiative

TECANOLOGY
- FENIX b el P Rt
N cecancn renasTrvcrune " % * - EuroHPC PERFORMANCE
Y * COMPUTING
* * G

Supporting SMEs

e SHAPE [E ¢fci
FORTISSIMO ®
Applications PP
A Centres of Oth fesc'/;p:
0 er | [BSCARES
F\C‘?CU Excellence (CoEs) Scientific >
European Excellencein HPC Applicati for HPC applications Communities 8/\15 EDEEC oexazpl’O
DRIVING y . —
b|o$<:el -THE Soscae b ExalJUite
TRANSITION F[u}p%mad nd roductivey o ChEESE
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GOOD HEALTH QUALITY GENDER CLEAN WATER
EQUALITY AND SANITATION

AND WELL-BEING EDUCATION

1 REDUCED

DECENT WORK AND
INEQUALITIES

ECONOMIC GROWTH

i

1 CLIMATE 1 LIFE 15 LIFE 1 PEACE, JUSTICE 1 PARTNERSHIPS
ACTION BELOW WATER ON LAND AND STRONG FORTHE GOALS &
INSTITUTIONS
~ "2 SUSTAINABLE

» L
-

DEVELOPMENT

GOALS

www.prace-fi.eu
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1) Incoming Solar Radiation

2) Scattering by Aerosols and Molecules

3) Absorption by the Atmosphere

4) Reflection/Absorption by Clouds

5) Emission of Longwave Radiation from
Earth's Surface

6) Condensation

7) Turbulence

8) Reflection/Absorption at Earth's Surface

9) Snow

10) Soil Water/Snow Melt

11) Snowlice/Water Cover

10

14

15

12) Topography

13) Evaporation

14) Vegetation

15) Soil Properties

16) Rain (Cooling)

17) Surface Roughness

18) Sensible Heat Flux

19) Deep Convection (Warming)

20) Emission of Longwave
Radiation from Clouds

The COMET Program

The Partnership for Advanced Computing in Europe |

Executable
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Network o

Memory STOMGE
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Inverse FFT inverse LT LA *_L'.r; .
spectral space ->
ClLLLLSE FIGURE T5.2 TFE.1, FIGURE 2
i |
moveuvTq control (dry) | E
u, v, delp, pt, g, ua,uv, ps - -
calculate SW & LW fluxes
METMT FIGURE TS.6
Orographic GWD Solver down sweep
tendencies uv T dynmics step
u, v, delp, pt, q, ua, uv, ps
et
from turbulence
wv.T.a9.9lql
Semi-Lagrangian advection moves
6.d0, g+dq, qcl+dqcl, gef+dqef,
u,du, v, dv,w
tendencies u, v, T, q '/
_ 2y i /
Cloud tendencies Surface flux down from atmos & river routing i | |-
T.q.a,9.1,q.i,q.1,q_s (using values+increments) inc Osurf
TFE.4, FIGURE 1

Surface scheme (s)

Non-orographic GWD
i via sea ice (& potentially coupler)

tendencies u, v, T

_ Boundary layer
inc u,v, 0, g+qel, gef

Methane oxidation and

water vapour photolysis Surface flux up to atmos

tendency q

FIGURE TS.13

Solver up sweep
control (moist)
u, v, delp, pt, g, ua, uv, ps

Convection
current values u, v, 6, q
to getincu,v,0,q

FIGURE Ts.18 FIGURE TS.19

Update

Solver up sweep
uvTaqqlqiqrqs it

dynamics step
u, v, delp, pt, g, ua, uv, ps

Diffusion u, v, 0
adjustment incu, v, w, 0, 0

FFTLT Solver
grid point space-> solves @
spectral space u v T back solves u, v, w, 0

Energy correction
inc 0
Update physics Intial values plus all increments
u v delp pt q uauv ps plus deltas gives u, v,w,q,qcl, gcf, 0,0

FIGURE TS5.25 FIGURE T5.26 TFE.9, FIGURE 1
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In 2010 world Data Center electricity use

« 450 billion kWh (equivalent to France)

Forecast in 2020 :

« 1031 billion kWh (equivalent to France + Germany + Canada + Brasil)

And a major carbon footprint

» 2002 : Global Data Center carbon footprint = 76 MtCO2e

* Forecast in 2020
v 259 MtCO2e (best case with use of virtualisation and free cooling)
v 533 MtCO2e (worst case)*

Emissions 2007 Percentage Emissions 2020 Percentage
MtCOze 2007 MtCOze 2020
ICT global carbon World 820 100% 1430 100%
footprint and localisation
US and Canada 156 19% 215 15%
(data center=20%) ’ ’
OECD Europe 115 14% 172 12%
Other developed countries 82 10% 100 7%
Economies in transition 98 12% 143 10%
Source = SMART Global 2020
Make IT Green — Cloud Computing and its China 189 23% 415 29%
Contribution to Climate Change and
International Energy Agency Restofthe world 180 22% 386 21%

—
12 The Partnership for Advanced Computing in Europe | PRACE www.prace-ri.eu


http://www.prace-ri.eu/

Institut
Pierre
Simon
Laplac

100101101001010100101
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World Climate Research Programme

Climate Sciences Programs

CMIP

The World Climate Research Programme s

1E+20

1E+19

1E+18

1E+17

1E+16

“The balance of

1E+15 | evidence
suggests a

1E+14 | discernible

“There is new and
stronger evidence that
most of the warming
observed over the last
50 years is attributable
to human activities”

“Most of the observed
increase in globally
averaged temperatures
since the mid-20%" century
is very likely* due to the
observed increase in
anthropogenic
greenhouse gas
concentrations”

(35 TB of data)

“This evidence for human influence
has grown since AR4. It is extremely
likely that human influence has
been the dominant cause of the
observed warming since the
mid-20th century.”

(1.8 PB of data)

Coupled Model Intercomparison Project

CMIP6: (100 PB to 1 EB ?)

(500 GB of data)
|| human influence
1E+13 on global
1E+12 - climate
(1 GB of data)
1E+11
8 1E+10 | cvips: (35 T8 of data)
o
> 1E+09 -
o
100000000
10000000 | cmip2: (500 GB of data) CMIPS5: (1.8 PB of data)
——— —
1000000 CLIMATE CHANGE 2001
of Climate
100000 plabii 7 ;
10000 THE l'l')\lf-\l SCIENCE BASIS
1000
100
10
1 = T T T T T T T T T T T T T T ‘ T T T T T T .Aiil
) © A o) ) O » 2 H o QA o> Q N 2 > ™ \2) o A G2 o
Y] %) %) ¥) %) O O O O O O N » > % % > £ % » % %
SN T S S I S S LA A O O R R Ol
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FAR SAR TAR AR4 ARS SR15 MR ARG

() @® ® @ o ® ® ®
IPCC — jointly UNFCCC Kyoto  Adaptation 2 °C limit Paris Agreement ! SROCC
established by ' Protocol :
WMO and UNEP :

®
UNFCCC

Global
Stocktake

[ —-

1
1
1
1
i Joce

CLIMATE CHANGE 2014

Nobel Peace

: 2018 2019 2023
® ® ® o ®
1970s-1980s 1990 2001 2013/2014 2016-2022
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010011010 n‘ no i Increased water availability in moist tropics and high latitudes '
R E1010010110 Decreasing water availability and increasing drought in mid-latitudes and semi-arid low latitudes 2
0000110010101 WATER g

1000010100101101011

3 3 : Additional people
D00 oo 0.4 to 1.7 billion 1.0 to 2.0 billion® 1.1 to 3.2 billion with i
W —p with inomaely
Increasing amphibian About 20 to 30% species at inc- 4
extinction 4 reasingly high risk of extinction 4 Major extinctions around the globe
ECOSYSTEMS Increased coral bleaching®  Most corals bleached ® Widespread coral mmtality8

Increasing species range shifts and wildfire risk7 Terrestrial biosphere tends toward a net carbon source, as: 8

~15% ~40% of ecosystems affected
Low latitudes
FOOD Crop Decreases for some cereals g ;» All cereals decreaseg >
i
productivity Increases for some cereals® T. Decreases in some regions® >

Mid to high latitudes

Increased damage from floods and storms'0 _

COAST About 30% loss

of coastal wetlands 11
Additional people at risk of

coastal flooding each year  0to 3 million 2 - 2 to 15 million 2 =

Increasing burden from malnutrition, diarrhoeal, cardio-respiratory and infectious diseases'®

HEALTH Increased morbidity and mortality from heatwaves, floods and droughts 14
Changed distribution of some disease vectors 1° ‘ Substantial burden on health services'®
Local retreat of ice in _ Long term commitment to several Leading to reconfiguration
Greenland and West - metres of sea-level rise due to ice ‘ of coastlines world wide and
SINGULAR TR sheet loss 17 inundation of low-lying areas!8
EVENTS A
Ecosystem changes due to weakening of the meridional Wﬂ‘hnw
0 1 2 3 4 5°C

Global mean annual temperature change relative to 1980-1999 (°C)
15 The Partnership for Advanced Computing in Europe | PRACE www.prace-ri.eu
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Scalability for 62 vertical levels and
without GPUs:

120 r 112.1

_—E—HPizDaint
110 I —s— NH PizDaint
100  —®— H Summit
> 90
S
S g0l 69.3
g 70}
a
g 60 |
[&]
© 50}
(@]
L 40 1
0r 177
20 F
10 1 1 1 1 1 1 1 1 1 J
o S < < < < IRy Y 7 <. S
% Q. S Q. % Y %, . By, %
© 9 9 D PP D P P D

Compute nodes (Piz Daint x12 / Summit x42 cores)

Summit is equipped with about 4600 liquid cooled nodes,
each with 2 IBM Power9 (21 core) processors and
6 NVIDIA Volta100 GPUs.
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Climate change impact assessment on EU grain maize production
potential (PESETA4)

« RCP8.5 2021-2050 vs 1981-2010 % vyield change.
* 10 crops- example for grain maize.

* Water availability will be critical for growing maize in Southern Europe.

Graine maize- assuming irrigated conditions Graine maize- assuming rain-fed only conditions
100 100
50 50
25 25
10 10
Y 0
—10 —-10
—25 —-25
=50 —50
—100 —100
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A Digital Twin Earth HPC/Cloud Scenario {cesa

Applications
O\Q\ta\ Contl‘f’luuh7

Hardware

Cloud
High Performance Computing 'lw“
Computing data data e~ L m Smart

sensors

i

' | S ECMWF

"7 g @& = Cesa

Observations Earopean Space Agency

Agence spatiale eurapéenne
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Assets, Competencies and Objectives & esa

ESA ESA and ECMWF

Earth Explorers and Third-Party _
Missions Moving forward together

Copernicus Infrastructure and towards planetary-scale
Operations for COM analytics, simulation, and

Platforms and Applications / DIAS modelling

Expansion of future EO Data
Management and Operations = Digital Twin Earth

- need for additional infrastructure to support common vision

ESA UNCLASSIFIED - For Official Use
-_— ] ™ 4 Rl o mE= ] == mm I == - + 3£ - & | European Space Agency

The Partnership for Advanced Computing in Europe | PRACE www.prace-ri.eu

0001011
0011010
01010010110 stk 1001010100101 0010 nummmmmmmnnmmnmnm

* 01010101700 10]010[]1[][]1]0[]1[]1011[]1[][][][]'!100?
10000101001011 U UHU * PARTNERSH'FH(FF@ /A 101IUUH]]UU]1(]1[]”(]1[][]1[]10100[]01010
v



http://www.prace-ri.eu/

UTUTTUTUUTUUUTUUTUTUTOUTUTTUTUTTUTUTOUTUTUDTUTUTTUUTUTOUTTUTUTTUTUUTUUUTUUTUTU UTTU LU LUL U TU T U TUU U e g i
01 10110100 010001010010 ¢« sl 01011001010100100110010101101001010100101101000101
101001101011010010001101011010010010011010
010100101101010100101101011010100101101
[101100101001101011
101011001010100100110010101101000011001
001010110010100110101101001010100001010
0101101071
iy nN1N1MN N100

PHIDIAS

Protatype of HP(/Dose Infrostructere for Da-demand Services
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» Connecting Europe Facilities PHIDIAS:

» Prototype of HPC / Data Infrastructure for On-Demand Services
PHIDIAS goal is to build a prototype for Data/High Performance Computing (HPC) services

based on Earth sciences Satellite Data use cases

PHIDIAS Goals

» Building a prototype for earth sciences satellite
open data and HPC services

* Optimising and industrialising treatment
workflows for extensive reusability

» Ensuring open access to standardised HPC

Services Intelligent ; Big data earth
1 H 1 screening o 2
* Improving FAIRisation processes, cross-use Ocean acteiite s observation
and open access
* Developing new data-pro_c?e?ssing models Improve the use of Improve efficiency and Enhance EO data
coupled with HPC capabilities numerical services for genericity of the intelligent  processing chains scalability
+ Deploying data-processing methods as a marine data managgment, screening of environmental for environmental monitoring
service for scientific communities. public service and processing, satellite data from the end-users needs of
" ) " > P . considering EOSC THEIA land data centre
authorities, private entities and citizen science  challenge and the DIAS network

Enabling HPC and data capacities of the European Data Infrastructure for Scientists & Researchers
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Connecting Europe Facilities (CEF) AQMO: Air Quality and Mobility
BUS DEPOT SPMD HPC CENTER

Service Public Métropolitain
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High bandwidth @

connection
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iy T —

VISUALISATION OPEN DATA
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Connecting Europe Facilities (CEF) AQMO: Air Quality and Mobility
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and Maobi

Meteorological station GALEAO ANTONIO CARLOS JOBIM

Starting date

R sl et e March Wind Speed Distribution in GALEAO ANTONIO CARLOS JOBIM
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Time Series Stats.

Wind rose per ‘

Ending date
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Connecting Europe Facilities (CEF) AQMO: Air Quality and Mobility
AmpIiSIMo
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« Research in climate, weather and Earth sciences requires next-generation
computational resources, along with new types of infrastructure capable of handling,
analysing and disseminating vast amounts of data either measured or generated
from simulations.

* The societal and financial impact of such research is immense and goes far beyond
the cost of the infrastructure: computational models are critical to reducing the
impact of climate change by finding the most appropriate and cost-efficient counter-
actions, and better weather forecasting is of paramount importance e.g. in
agriculture.

* The software in the field is diverse, and ranges from legacy codes in urgent need of
modernisation and improved scaling to state-of-the-art GPU-accelerated extremely
parallel programmes. However, both require continued investments to maintain, port,
and optimise in addition to implementation of new algorithms.

* In addition to a few codes with exceptional scaling, there is an acute need for
resources to enable large ensembles of independent runs with different parameters
to quantify the uncertainty in models. The field will easily be able to use exascale
computing, provided future infrastructure is organised to handle this type of

ensemble simulation.
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« Weather and climate simulations are HPC applications
* Quality depends on model resolution and model complexity
* Resolution depends on the performance of

state-of-the-art supercomputers
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tornados,

shallow convection
deep convection,
surface drag
sharp frontal gradients,
thunderstorms
medium mountain ranges,
severe.storms
tropical eyclones,

major floods
weather regimes,
fronts, squall lines
baroclinic waves,
synoptic scales

« Hardware will be more heterogeneous
— CPUs / GPUs / FPGAs / ASICs / (Quantum ?)
* We need more ensemble for Forecast and Climate
« We need longer simulation for Forecast and Climate
» Performance (energy consumption) will matter ever more
* Programability will matter ever more
« Usability will matter ever more
« This will not be smooth painless transition...

?

1 gigaflops
1 teraflops
20 teraflops
4 petaflops
exascale

500 megaflops

Peak performance

Strong need for skills to build Exascale systems

Strong need for skills to operate Exascale systems

Strong need for skills to use Exascale systems

Strong need for skills to translate Exascale systems (DT)
Strong need for skills to use/understand derivate Digital Twins

Adapted from Neumann, Dueben et al. Phil Trans A 20181 Strong need for basic science skills for policy maker
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