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https://events.ecmwf.int/event/169/
https://www.hpcuserforum.com/event/hpc-user-forum-fall-2021/
https://www.hpcuserforum.com/event/hpc-user-forum-spring-2022/
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https://www.hpcwire.jp/
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https://www.hpcwire.jp/archives/37431
https://www.jma.go.jp/jma/kishou/know/whitep/1-3-2.html
https://www.jma.go.jp/jma/kishou/know/whitep/1-3-2.html
https://celebrating200years.noaa.gov/foundations/numerical_wx_pred/701computer.html
https://www.jma.go.jp/jma/kishou/know/whitep/1-3-2.html
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Buzbee (Buzbee Enterprizes) it 4#® HPC (High
Performance Computer) @7 —% 7 7 # ¥ #3, DSM
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September 2022
Stresa, Italy

International Computing for
the Atmospheric Sciences
Symposium

CISL/NCAR

20t ECMWF workshop
High Performance Computing
in Meteorology

Bolgona, Italy
September 2023
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https://events.ecmwf.int/event/169/contributions/27
85/attachments/1468/2651/HPC-WS Weger.pdf
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https://twitter.com/HPC_Guru/status/1328461458124931074
https://twitter.com/top500supercomp/status/1328501542442340352
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“Extreme Heterogeneity”

I I gOAK RIDGE
¥ National Laboratory

Preparing for Extreme Heterogeneity
in High Performance Computing

Jeffrey S. Vetter

With many contributions from ACSR Section and Colleagues

HPCWS202 | DEMOF—/— bO)F—=

19th Workshop on HPC in Meteorology
21 Sep 2021
ECMWEF (Virtual)

U.S. DEPARTMENT OF

ORNL is managed by UT-Battelle, LLC for the US Department of Energy

https://www.ornl.gov/section/advanced-computing-systems-research (https://j.mp/acsrs)
vetter@computer.org

Highlights

Programming systems must provide

performance portability (beyond
functional portability)!!
* Power constraints initially drove * Proliferation of diverse and often * Ultimately, we should strive for
architectural changes immature programming ecosystems ‘Write once, perform satisfactorily
* Now, vendors are forced to use 2-3 * In fact, programming and anywhere’
foundries if they want access to operating systems need major ¢ Descriptive models of parallelism
leading-edge CMOS production investment to address current and and data movement
* Forces vendors to add value with future architectural changes ¢ Introspective runtime systems
domain specific architectures by  Applications will not be functionally « Layered, modular, open-source
specializing processors, node or performance portable across approaches required
design, memory systems, /0 architectures « Performance prediction tools for
* Explosion of new architectures * Additionally, procurements, design, procurement, and
* Devices: GPUs, FPGAs, DSPs, SoCs acceptance testing, and operations operations
 Deployment: HPC, Al, Edge, Cloud of today’s new platforms depend on * Examples
performance prediction and

* OpenHW: RISC-V ECP investments in LLVM

* FORTRAN with GPU offloading
Introspective Runtime Systems
Programming FPGAs

* Without Verilog

| Extrome Hetorogeneity Reld benchmarking.

Entering an era of
Extreme
Heterogeneity

* Complexity is our main challenge

* This is a crisis!

% OAK RIDGE

National Laboratory

https://doi.org/10.2172/1473756


https://events.ecmwf.int/event/169/contributions/2738/attachments/1431/2578/HPC_WS-Vetter.pdf
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Office of Science Laboratories

Other DOE Laboratories

NNSA Laboratories

@ Ames Laboratory
Ames, lowa

Argonne National
Laboratory

Argonne, lllinois

©® Brookhaven National
Laboratory
Upton, New York

@ Fermi National
Accelerator Laboratory
Batavia, lllincis

© Lawrence Berkeley
National Laboratory
Berkeley, California

@ Oak Ridge National
Laboratory
Oak Ridge, Tennessee

@ Pacific Northwest
National Laboratory
Richland, Washington

© Princeton Plasma
Physics Laboratory
Princeton, New Jersey

© SLAC National
Accelerator Laboratory
Menlo Park, California

@ Thomas Jefferson
National Accelerator
Facility
Newport News, Virginia

4 Idaho National &
Laboratory
Idaho Falls, Idaho

2 National Energy 4
Technology Laboratory

Morgantown, West Virginia
Pittsburgh, Pennsylvania
Albany, Oregon

National Renewable @ Lawrence Livermore

Energy Laboratory National Laboratory

Golden, Colorado Livermore, California PCMDI
Savannah River @ Los Alamos National i
National Laboratg Laboratory

Aiken, South Capblina Los Alamos, New Mexico T

© sandia National
Laboratory
Albuquerque, New Mexico

Livermore, California

@ Office of Science Laboratory

() Other DOE Laboratory
@ NNSA Laboratory
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https://www.energy.gov/doe-national-laboratories &Y,



https://www.energy.gov/doe-national-laboratories

« DoEmnOffice of Science (SC) ¥National Nuclear Security Administration (NNSA)T20 | 65F %11,
2020%F X ¥1¥F TIZExascale Computingz £ T 52 = B9,

- 77 H%R: SCHBIiological and Environmental Research program ¥ Basic Energy Sciences
program L TU'NNSA

o YRATLEAE: ALCF-3 (“Aurora”), OLCF-5 (“Frontier”), ASC ATS-4 (“El Capitan™)
« Exascale Computing Project :Aff%2 - Bi% - £+ i

. DOE HPC Roadmap to Exascale Systems

FY 2012 FY 2016 FY 2018 FY 2021 FY 2022 FY 2023

LBNL
Cray/Intel Xeon/KNL

1

|
1
[}

LLNL

IBM BG/Q

i | ‘. L LANL/SNL
"""""" Cray/Intel Xeon/KNL

Sierra

" T ‘1 ( \
| ! FRONTIER
| - | \ o N
I
o ' mtjnvmm \__HPE{AMD /  Exascale
| I . TR Systems
o ! = Aurcra |
| | 2. 1 =
1 :ﬁ: E To date, only
| E ANL | ANL NVIDIA
| | 8: IBM BG/Q ! Cray/Intel KNL GPUs AMD, Intel and
8 : NVIDIA GPUs!
: |
1 I
i J
I
I
I
I

LANL/SNL
HPE/TBD
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https://www.hpcuserforum.com/wp-content/uploads/2021/09/Exascale-Computing-Project-Update_ORNL_D.Kothe_Sept-2021-HPC-UF.pdf

ORNL:Frontier, ANL:Aurora

4

¥ OAK RIDGE

- Nati( nal Labor: tory

® ENERGY I"TWJT'“m:“
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AMDZ1

e https://www.olcf.ornl.gov/frontier

* Peak: >1.5EFlops

¢ HPE Cray’s new EX architecture and Slingshot
interconnect

* CPU:HPC and AI Optimized 3rd Gen AMD EPYC
CPU

* GPU:Purpose Built AMD Instinct 250X GPUs

o 20228 (1B#7?) IERRS

https://www.alcf.anl.gov/aurora

Peak Performance > 2 Exaflop DP

Arch: HPE’s Cray EX architecture with Slingshot
networking.

CPU: two Intel Shappire Rapids
GPU! six Ponte Vecchio

OneAPI as a new model for programming the nodes
across the entire system

2022F P IZFull Delivery

Energy Exascale Earth System Model (E3SM) D5 %. 4512 “A Baseline For Global
Weather and Climate Simulations At | KM Resolution” IR AINS T E,


https://www.olcf.ornl.gov/frontier
https://www.alcf.anl.gov/aurora

National Energy Research Scienetific Computing Center -
LBNLD | 74EY 2> _
NERSC is the principal provider of high performance :

computing and data resources and services to Office of
Science programs — Advanced Scientific Computing
Research, Basic Energy Sciences, Biological and
Environmental Research, Fusion Energy Sciences, High

Energy Physics, and Nuclear Physics.

2RI AN ZHDOHPC

2020 NERSC by the Numbers

ERSC Systems Roadmap

i o .5 DEPARTMENT OF

2020 DOE Office of Science Program Usage Breakdown

<1% Ssmall Business
Innovation Research

2% Advanced
Scientific Computing

39% Basic

Energy Sciences

Research 20% High
12% Nuclear Energy Physics
Physics

13% Fusion

14% siclogical
and Environmental
Research

Energy Sciences

Office of
Science

‘ .5, DEPARTMENT OF

2022/05/16

Top Science Disciplines
By computational hours vead)

Energy
Technologies

wrme EQrth Systems

Accelerator engineering

Science Materials Science

Nuclear Physics

Chemistry

Condensed Matter Energy

High Energy
Physics v

Geoscience

Fusion I 1 |

Computer Science | i |
Astrophysics and

Cosmology
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Office of
Science

NEeRsC

GPU-accelerated (GPU/CPU)
and CPU-only nodes

HPE Cray Slingshot high-
performance network

All-Flash filesystem

Application readiness
program (NESAP)

HPE Cray System ~120PFs

_

NERSC-10
ExaSystem
~20MW

2025

Perlmuitter

Na

Phase I: Arrived spring of 2021

1,536 GPU-accelerated nodes

1 AMD “Milan” CPU + 4 NVIDIA A100 GPUs per node
256 GB CPU memory and 40 GB GPU high BW memory
35 PB FLASH scratch file system

User access and system management nodes

Phase Il Addition: Arrives This Winter

3,072 CPU only nodes
2 AMD “Milan” CPUs per node
512 GB memory per node
Upgraded high speed network
CPU partition will match or exceed performance of
entire Cori system

B sereeey as - @ ENERGY

Office of
Science




NCAR:Cheyenne = Derecho

* NWSC-2: SGI ICE XA Cluster, 5.34PF e NWSC-3: HPE Cray EX cluster, 19.87PF
« CPU: Intel Xeon « CPU: AMD Milan (2488 Nodes)
* NO GPU! e GPU: NVIDIA A100 (82 Nodes)

* at the NCAR-Wyoming Supercomputing Center

(NWSC) operational at the beginning of 201 7. " opgretonaliniiony 2023-

« Cheyenneld “Conventional” @Y X T4, A—H —DFHFELIL R T LY) TN B ilT -7,
o SEIIFEZERIFHABRAELITVEUENETFEENTEIN ERRETLE,

- ETEBEHVSRAIL—Y

« HPC vs High-Throughput

- CPU vs GPU
e FERYLT.GPUD20%FE. L\ \)EEE,

https://www?.cisl.ucar.edu/sites/default/files/2021-10/Hart.pdf



https://www.hpcuserforum.com/wp-content/uploads/2021/05/Kelly_NCAR_HPC-at-NCAR-for-Climate-Weather_Mar2022-HPC-UF.pdf
https://www.hpcuserforum.com/wp-content/uploads/2021/05/Kelly_NCAR_HPC-at-NCAR-for-Climate-Weather_Mar2022-HPC-UF.pdf
https://www2.cisl.ucar.edu/sites/default/files/2021-10/Hart.pdf
https://www2.cisl.ucar.edu/sites/default/files/2021-10/Hart.pdf
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The European High Performance Computing Joint Undertaking
(EuroHPC JU)

e 201 8F &1L, EUrMmBEI33~EIZL S HE AR
“HPC : a key element for the EU’s digital strategy”

The EuroHPC Joint Undertaking 2019-2020 y, I
A legal and funding agency
Mission: An integrated world-class * 33 Participating States (All EU MS) + EU + 2 Private
supercomputing & data infrastructure and a Members (ETP4HPC & BDVA)
highly competitive and innovative HPC and *  Budget: 1.5 B€ (~1.1 B€ (536 m€ from EU) + In-kind
Big Data ecosystem from Private partners)

W

Applications Technologies

https://www.hpcuserforum.com/wp-content/uploads/2021/09/EuroHPC_Euro-

Commission_L.Flores-Anover_Sept-202 | -HPC-UF.pdf



https://www.hpcuserforum.com/wp-content/uploads/2021/09/EuroHPC_Euro-Commission_L.Flores-Anover_Sept-2021-HPC-UF.pdf

Acquisition ~510 m€

Hosting entities of
EuroHPC supercomputers |

Minho
l Pre-exascale

I Petascale

s

* —
355 EuroHPC

* Joint Undertaking

‘O

F1E KR - [IE AHRSHRERS



https://www.hpcuserforum.com/wp-content/uploads/2021/09/EuroHPC_Euro-Commission_L.Flores-Anover_Sept-2021-HPC-UF.pdf

LUMI:2022 full operation ¥ &
s BROESIIIY—YTLIOFETHIA,
« 7&%YIZEuroHPC JURRE TERINFFZEE B2

« PRACE »E7LEa—7 Ot R4 A
* Cray EXAMD EPYC CPU.AMD Instinct GPU,552 PF
« 100% hydropowered energy. Up to 200MWs are available.
+ HIP, OpenMPS, Jupyter Notebook

LUMI

Tier-o GPU partition: over
550 Pflop/s powered by
AMD Instinct GPUs

Interactive partition with 32
TB of memory and graphics
GPUs for data analytics and
visualization

7 PB Flash-based storage
layer with extreme 1/O
bandwidth of 2 TB/s and
IOPS capability. Cray
ClusterStor E1000.

LUMI, the Queen of the North
H LUMI is a Tier-o GPU-accelerated
supercomputer that enables the L%MI G
-y PU

convergence of high . . P LUMID:
performance computing, o Data
artificial intelligence, and high- B, Analytics

ff dat fy‘t. —/Paftltlon Partition
performance data analytics.
. SupFIFmentary CPU LUMI-K: LUMLE.

partition Container High-speed Accelerated
= ~200,000 AMD EPYC Cloud interconnect Storage
CPU cores Sarvice Y
Possibility for combining LUMI-Q: LUNILP:
d.if'Fere nt resources within a Emergind Lustre
single run. HPE Slingshot tech Lg;{'"-ft}r Storage
jec
technology. Sharad
30 PB encrypted object Se{vice
storage (Ceph) for storing, /
[ sharing and Staging data www.lumi-supercomputer.ev  #lumisupercomputer #lumieurchpe

80 PB parallel file system

2022/05/16 F1E KRR - [ AR ER RS



https://www.lumi-supercomputer.eu/may-we-introduce-lumi/
https://www.lumi-supercomputer.eu/content/uploads/2021/11/CSC-lumi-1045_2000x1334px.jpg

* Leonardo@CINECA (Italy) * MareNostrum5@BSC (Spain)
* CINECA: 1030 KZF - NI 62502~V T L o ARAL FILIIL ML 2T FTHHRRE
o A9 TICEITEHPC BRIV AT LDRAFE EAZHE) o« 2021 FE6BIZ—B A AL 20224 | B BRL,

* 2023:EHMBTE

* will be installed at the end of 2022

e 323PF(Peak), ATOS BullSequana XH2000
CPU(Intel Ice laoke/Sapphire), GPU(NVIDIA
Ampere) Hybrid module

* 10 exaflops of FP 16 Al performance.

 ECMWF®D% (Tecnopolo di Bologna)

o W7 ¥$H205PF,. GPUR—X CPUR—ZXMN2DOND/X—F~4
az

h

e I'E—,

E—————

c RZ -R[BEHREIEDIEREFEHLNEHNIIRERFETIITEAZS . CINECAIZA ) 7TERARANRZ - [ &
MEDFSTELEHEINDT.HASRREIIFAINSIDTIER WD,
o BSCIZIS-ENES3THH SR BZR-LTWAD T BEVWLRCEAINS L EbiS,
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https://www.cineca.it/en/hot-topics/Leonardo
https://www.cineca.it/area-stampa/comunicati-stampa/worlds-fastest-european-technology-based-supercomputer-cineca-and

ECMWF DKRZ

2021.09 New data center, Bull Sequana XH2000- * HLRE-3 “Mistral”, 2015-2022

based e Bull DLC720, 3.6PF, Haswell/Broadwell, NO GPU.
four “self-sufficient - clusters,” * HLRE-4 “Levante”, 2021 -

AMD EPYC (Rome), NO GPU. e Atos BullSequana XH2000, | 6+PF

repurposed tobacco factory || . | . e CPU: AMD EPYC Millan, GPU: Nvidia A100

« ICON-AMSMIGPUSELTVS
e A |

UKMO bDwD

* “Supercomputer as a Service” with Microsoft Azure on ~ * NEC SX-Aurora 5.6,/4.3PF (ResearchFl /3R¥R),
HPE Cray EX 2019-2023

* AMD EPYC CPU o REETTILHCOSMOH 5ICON-LAMIZAR 5,

* 1.5 million processor cores and over 60 petaflops, e S>DURIIGPUNEH LN, |

becoming operational starting July 2022.

BELI—IIbYTIZOROHPCEIEWHITEEITFEWVIRICIEVD N,
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https://www.hpcwire.com/2021/09/14/ecmwf-opens-bologna-datacenter-in-preparation-for-atos-supercomputer/
https://www.hpcuserforum.com/wp-content/uploads/2021/05/Ludwig_DKRZ_Latest-Trends-at-DKRZ_Mar2022-HPC-UF.pdf
https://events.ecmwf.int/event/169/contributions/2771/attachments/1438/2593/HPC_WS-Bockelmann.pdf
https://azure.microsoft.com/ja-jp/blog/microsoft-brings-azure-supercomputing-to-uk-met-office/
https://www.hpcuserforum.com/wp-content/uploads/2021/05/Schattler_DWD_Numerical-Modelling_Mar2022-HPC-UF.pdf

2022/05/16




. B Ilti’f’—atPre Exa.7=7L.32,

< WEFNH, CPU- GPU/\47 ') /I*?b E 7z -L CPU (In’rel AI\/ID-)- GPU (NVIDIA AI\/ID In’rel)
DEEENZHIb.

| iiﬁ%d%%ﬁat;trnl/w Sid— *f:ﬂi ’&m\n«ﬁ%o. ENNENNEN

N SLINFE TR HPCIIR E SR ED T IR T R,
1=H%, /\1 LiHPC%ﬁti—u%—uﬂ%/\E&t ##E'Jk&ﬂ‘d'%aé.%t;tfn\

SLAIEON-EE BRAEWRDEBE* BN -bDMEDNDHIT(EL

SREIEBELAIL. ZDI-HDEEH L L DS E,







