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The European High Performance Computing Joint Undertaking (EuroHPC JU)
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Leading the Way in European
Supercomputing

EuroHPC JU is a joint initiative between the EU, European

countries and private partners to develop a World Class
Supercomputing Ecosystem in Europe.
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EuroHPC JU — npoepamma pazsumusa

cynepkommnsomepHoU UHgppacmpykmypesl 8 Espone
(https://eurohpc-ju.europa.eu/)

HassaHue Croana NocTaBLLNK Rpeak Rmax Top500 | MectoB
KOMNbtloTepa P = (Pflops) | (Pflops) |(mai-2024)| Espone

Lumi Finland 539,0 386,0
Leonardo Italy Atos 315,0 249,0 7 2
MareNostrum 5 Spain Bull/Lenovo 295,0 215,0 8 3
Meluxina Luxembourg Atos 18,3 12,8 89 22
Karolina Chechia HPE 12,9 9,6 135 37
Discoverer Bulgaria Atos 5,9 4,5 188 59
Vega Slovenia Atos 5,4 3,8 226 68
Deucalion Portugal  Fujitsu/Atos 5,0 3,9 219 67
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EuroHPC JU — npoecpamma paszsumus

cynepkommnsomepHoU UHgppacmpykmypesl 8 Espone
(https://eurohpc-ju.europa.eu/)

HassaHue Croana NocTaBLIMK Rpeak Rmax Top500 | Mecto B
KOMNbloTepa P H (Pflops) | (Pflops) |(mali-2024)| Espone

Lumi Finland 539,0 386,0
Leonardo Italy Atos 315,0 249,0 7 2
MareNostrum 5 Spain Bull/Lenovo 295,0 215,0 8 3
Meluxina Luxembourg Atos 18,3 12,8 89 22
Karolina Chechia HPE 12,9 9,6 135 37
Discoverer Bulgaria Atos 5,9 4,5 188 59
Vega Slovenia Atos 5,4 3,8 226 68
Deucalion Portugal  Fujitsu/Atos 5,0 3,9 219 67
Jupiter Germany ParTec-Eviden 1000+
Hayano noctaBku —
2024 rop,
e * **
* EuroHPC



Kntouesoble ocobeHHOCMU apxumeKmypsl 011
obecne4yeHusa 8bicOKoU npouszsooumenbHocmu
co8peMeHHbIX CyrnepKomMnblomepos

* BbicOKana cTeneHb Napanienmsama Ha BCEX YPOBHAX apXUTEKTYpbI
cynepkomnbioTepoBs (Napannennsm, KOHBEMEepPHOCTb).

* (ObecneyeHune apPeKTUBHOM PaboTbl C EPAPXMEN NAMATH.



Cynepkomnetomep Frontier, CLLIA
(#1 Top500 e 2022-2024 2.)
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9 408 sblyucnumMenbHbIX Y3708,
8 KaXOOM y3ne:

1 x CPUs (AMD “Trento”, 64 adpa, 2GHz)

4 x GPU (AMD Radeon MI250X)
8 699 904 adpa

-------

lMpou3sodumesibHOCM®b:
Muk (meopus): 1.71 Eflop/s
Tecm Linpack: 1.2 Eflop/s (70%)

OnepamusHaAa namame = 9.2 PBytes
HDD = 716 PB (+37 PB Ha y3nax)

(1 cmolika — 62.68 Gflops/Watt)

22.7 MW (scezo 29 MW) — 52.2 Gflops/Watt



Tak nu eaxcHo, Komy docmyneH amom “3k3agnonc”?
(3k3aghnonc, sakoHomuka, 6ezonacHocme...)
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US Bars Nvidia and AMD from Selling Top GPUs into
(o111} F:1

By Tiffany Trader

September 1, 2022

New trade restrictions levied by the United States against China limit the sale
of cutting-edge HPC and Al technologies from Nvidia and AMD to the world’s
second-largest economy.

In an SEC filing, Nvidia revealed it was prohibited from exporting its A100 and
forthcoming H100 GPUs to China and Russia, effective immediately. The
stated purpose of the licensing requirements is to prevent “military end use”
by these nations.

AMD reported it had also received instructions from U.S. authorities to halt
sales of its top GPU chip, the Instinct MI250, to China and Russia. A variant of
that chip, the MI250X, powers the U.S. Department of Energy’s Frontier
supercomputer, which became the first officially ranked exascale
supercomputer earlier this year.

White House Mulls Expanding Al Chip
Export Bans Beyond China

By Ali Azhar

October 31, 2024

The Biden administration is reportedly considering capping
sales of advanced artificial intelligence (Al) chips from US-
based manufacturers like AMD and Nvidia to certain countries,
including those in the Middle East. The move represents
concerns over the use of advanced Al chips for surveillance and
military applications. Al technologies can be used to enhance

the capabilities of autonomous drones, cyber warfare,
sophisticated mass monitoring systems, and several other
applications.

AMD and Nvidia, the two leading Al chip manufacturers, could
face restrictions on their export licenses for advanced Al chips.

Since 1987 - Covering
the Fastest Computers
in the World and the
People Who Run
Them

© Home
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Fearing China, US Blocks the Sale of
Nvidia GPUs to the Middle East
B e b h

September 1, 2023

The U.S. has put more curbs that block the sale of certain
Nvidia GPUs to the Middle East, largely under fears that the
technology will be accessible to China.

The setback for Nvidia was revealed in the company’s 10K filing
with the U.S. Securities and Exchange Commission.

In the filing, Nvidia stated that the U.S. government, in the most
recent quarter, “informed us of an additional licensing
requirement for a subset of A100 and H100 products destined
to certain customers and other regions, including some
countries in the Middle East.”

Nvidia is already banned from selling the A100 and H100 GPUs
to China because of export controls restricting U.S. companies
from exporting advanced A.l. and chips. Nvidia devised the

By Karen Freifeld

US sets new rule that could spur Al chip
shipments to the Middle East

September 30, 2024 9:56 PM GMT+3 - Updated a month ago

World v USElection Business v Markets v More v




Tak nu eaxcHo, kKomy docmyneH amom “Ik3agpnonc”?
(3k3agpnonc, akoHomuka, 6ezonacHocme...)

e Project GPP Accelerator Processor Edge System and Use Cases EPI Forum 2024 News Events Press/Media kit

HALO ™ xEtl‘lropean Processor

HPC'/U LE/\DERSHlp — og® °
ORGANIZATION Iinitiative

Similarly, countries are beginning to invest in the idea of “HPC R o
nationalism.” This term refers to the tendency of countries to | readmore |
develop their own HPC technologies, infrastructure, and
expertise to achieve technological independence or superiority.

Again, international cooperation is impacted when countries Framework
. : : . . partnership agreement
have vested interests in developing their own processor chips, in European low-power
systems, and software stacks. microprocessor
technologies

WHaua npeacrasmna 96-aaepHbiii Arm-npoleccop co6cTBeHHoN pa3paboTku — 3To
nepBblit MecTHbI# HPC-unn

19.05.2023 [19:08], Marseii Gunbiuns

Ha 3710if Hepene wHAMACKMIA LleHTp passutua nepenosbix Bbiuucnenmnii (C-DAC) aHOHCMpoBan nepsbii B CTpaHe paspabotaHHbii
CAMOCTOSITENIBHO NPOLIECCOP ANA BbICOKONPOM3BOAUTENbHBIX BbiuucieHnit (HPC). Mepsbiit MHAMACKWIA YN, Ha3BaHHLIA AUM, OCHOBaH Ha
apxutekType Neoverse V1 Zeus (Arm v8.4) n MOXeT MaciabupoBaTbes 10 96 saep. OXMAAETCA, UTO OH MOSBUTCA Ha PbiHKe yxe B 2024
roaly v Gy/ieT BbiNyCKaTbc N0 TEXNpoLLeccy 5 HM Ha MoWHOCTAX TSMC.

| FuiituABSX | C-DACAUM HPC Proc
',o»‘ . Fabrication 7nm FF TSMC 5nm FF
Y Technology
' " core (48+4)-Cores, 2.2 GHz (typical)  96-Cores, 3.0 GHz (typical)
.. Configuration 3.5+ GHz (turbo)
DDR Configuration No DDR 16-Channels (32 bit) DDR5-5200
BW =332.8 GB/s
HBM 32-GB HBM2 (4-Controllers) 64-GB HBM3 (4-Controllers)
. BW= 1TB/s BW =2.87TB/s
S Pcle 16 PCle Gen3 Lanes 64 PCle Gen5 Lanes
Power Not Known 300 W (TDP)
Performance (DP) 2.7 TFLOPS per socket 4.6+ TFLOPS per socket

Bytes/FLOPS 0.38 0.7



Hucno adep 8 cucmemax cnucka Top500
(http://top500.0rg, HoA6psL, 2023 2.)
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Mo3numna cuctemol B cnmucke Top500

CpepHAA cTeneHb NapannenbHOCcTU B cmctemax cnucka Top500 — 212 627 BblUMCIUTENBHbBIX A4ep.



Kntouesoble ocobeHHOCMU apxumeKmypsl 011
obecne4yeHusa 8bicOKoU npouszsooumenbHocmu
co8peMeHHbIX CyrnepKomnbiomepos

* BblCOKaAa cTeneHb napannein3mMma Ha BCeX YPOBHA

W — ObICTpOE peleHune
7 00PabOTKa BbICOKOW BbIYUCAUTENBHON

aOCOOEHHOCTEN aPXUTEKTYPbI BbIYMCINTENIbHBIX CUCTEM BbICOKOM
POM3BOAUTENBHOCTM HE AOCTUYb.



IppekmusHOCMb 8blMUCAUMESNLHbLIX CUCMEM
(petimuHeu Top500, HPCG500, Green500, Graph500)

MecTo B CucTema Yucno Rmax Rpeak Power | 3ddekT-Tb | MecTo B |3ddekT-Tb| MecTto B [ Graph500 | Graph500
Top500 agep (Pflops) | (Pflops) (kW) | Top500 (%)| HPCG500 | HPCG (%) | Green500 BFS SSSP

Frontier - HPE Cray EX235a, AMD

Optimized 3rd Generation EPYC 8699 904,00 1206,00 1714,81 22786,00 70,33 2 0,80 13 3 -
Aurora - HPE Cray EX - Intel
2 Exascale Compute Blade, Xeon 9264 128,00 1012,00 1980,01 38698,00 51,11 3 0,28 42 5 -
Eagle - Microsoft NDv5, Xeon
3 Platinum 8480C 48C 2GHz, NVIDIA 2 073 600,00 561,20 846,84 66,27 - - 294 - -
s Supercomputer Fugaku -
Supercomputer Fugaku, AG4FX 7630848,00 442,01 537,21 29899,00 82,28 1 2,91 68 1 3
LUMI - HPE Cray EX235a, AMD
> Optimized 3rd Generation EPYC ~ 2752704,00 379,70 531,51 710700 71,44 4 0,84 12 - -
6 Alps - HPE Cray EX254n, NVIDIA
Grace 72C 3.1GHz, NVIDIA GH200 1 305 600,00 270,00 353,75 5194,00 76,33 5 1,01 14 - -
. Leonardo - BullSequana XH2000,
Xeon Platinum 8358 32C 2.6GHz, 1824 768,00 241,20 306,31 7 494,00 78,74 6 0,99 28 - -
MareNostrum 5 ACC -
8 BullSequana XH3000, Xeon 663 040,00 17530 249,44 4159,00 70,28 12 0,45 15 8 -
9 Summit - IBM Power System
AC922, IBM POWER9 22C 2414592,00 148,60 200,79 10 096,00 74,01 7 1,42 72 - -
Eos NVIDIA DGX SuperPOD -
10 NVIDIA DGX H100, Xeon Platinum  485888,00 121,40 188,65 - 64,35 - = 311 = =
189 JEDI - BullSequana XH3000, Grace
Hopper Superchip 72C 3GHz, 19 584,00 4,50 5,13 67,00 87,72 94 1,15 1 - -
Isambard-Al phase 1 - HPE Cray
128 EX254n, NVIDIA Grace 72C 34 272,00 7,42 9,29 117,00 79,87 - - 2 - -
9 Earth Simulator -SX-Aurora
> TSUBASA - SX-Aurora TSUBASA 43 776,00 9,99 13,45 1391,00 74,28 18 5,56 91 - -
AOBA-S - SX-Aurora TSUBASA
61 C401-8, Vector Engine Type 30A 64 512,00 17,22 19,82 1 389,00 86,88 13 5,49 193 - -

PentnHr MLPerf: pacwumperune B 2024 roay Habopa ML n Al TecToB AaHHOTO PpENTUHIa MOAENAMM
Llama 2 (70 mnpa,. napameTpoB) u Stable Diffusion XL (2.6 mapa.napameTpos, reHepaumnsa nsobpaxkeHun).




CDOpMGmbI npedcmaefleHun eewWeCcmeeHHbIX Yucen
(kodu3aliH: Nnpou3sodumesnbHOCMb, KOMIAKMHOCMb)

IEEE 754 single-precision 32-bit float

3HaK nopsazoK (8 6ur) MaHTucca (23 6uta)
1 ! 1
0 0 1111 1 1 0 0 0 1 0 0 0 0 0 0(o|j0(0|0O|O0O|0O 0O O0(0|0(0|0[0D|0][D
31 30 23 22 0

IEEE half-precision 16-bit float

maHTucca (10 6uT)

3HIaK nopagok (5 6ur)
1

0 1] 1(1|0, 0 [0 1 0 0 [} o 0 o o o
15 14 10 9 0

NVIDIA’s Tensor float (19 6uT)

3HaK nopsaoK (8 6ut) MaHTucca (10 6umT)
1 | 1
0 o |1[1]1 1 1 1] 0 0 1 0 0 0 0 0 |0 0|0
18 17 10 9 0
bfloat16
3HaK nopaaoK (8 6uT) MaHTmCca (7 6mT)
1 | 1
0 0O |1 |11 1 1 ] ] 0 1 0 0 0 0
15 14 7 6 0
8-bit float (1.4.3 minifloat) Onepaumn,
nogaepHuBaeMblie FPB4, TF32, bfloatls,
3HaK nopAaaoK MaHTUCCa TEH30PHBIMH FPIG, FP8, INT8
I 1 1 1 Appamm
o 011 0 0 1
Onepauymm,
7 6 3 2 0 nopaepveaemMoie FPG4, FP32, FPIG,

anpamy CUDA bfloatl6, INT8

dopmaTbl M pa3pagHOCTb
COBPEMEHHbIX KOMMNbIOTEPOB:
- BeLEeCTBEHHbIe YnCna,

- Lenble Yyncna,
-128/64/32/24/19/16/8/4 6but

Cynepkomnbtotep Fugaku:
Int: 8,16,32,64 6um;
Float: 16,32,64 6um

FPB4, TF32, bfloat1s,
FPIE, INTS, INT4, INT1

FPG4, FP32, FPI6,
bfloatl6, INTS INTE INT8

FPIB, INT8, INT4, INT1 FP16

FP64, FP32, FPI6, FP64, FP32, FPI6,




[lokoneHua apxumexkmyp u napaduemu npoecpammupoeaHun
(kodu3zaliH: Memod — npo2pammuposaHue — apxumexkmypa)

BeKTOPHO-KOHBEEPHbIE KOMMbIOTEPDI

CepenunHa 70-x rogos.

Oco6eHHOCTM APXUTEKTYPbI: BEKTOPHbIE
bYHKUMOHaNbHbIE YCTPOMCTBA, 3aLenieHme
GYHKLMOHANbHbIX YCTPOWNCTB, BEKTOPHbIE
KOMaH/bl B CUCTEME KOMaHJ, BEKTOPHbIE
PerucTpbl.

MporpammupoBaHue: BEKTOPU3aLMA CaMbIX
BHYTPEHHUX LIUKNOB.

Cynepkomnbtotep Cray-1



[lokoneHua apxumexkmyp u napaduzmu npoecpammupoeaHun
(kodu3aliH: Memoo — Npo2pamMmmuposaHue — apxumexkmypa)

BeKkTOpHO-NapasnienbHble KOMMbIOTEPDI

Hayano 80-x rogos.

Oco06eHHOCTU apXUTEKTYpPbl: BEKTOPHbIE
dYHKLUMOHaNbHbIE YCTPOMCTBA, 3aLenaeHue
GYHKLMOHANbHbIX YCTPOWCTB, BEKTOPHbIE
KOMaHAbl B CUCTEME KOMaH/,, BEKTOPHble
PEerncTpbl.

Hebonblloe yncno npoueccopos obbeanHATCS
HaA obLen namaTblo.

CynepkomnbtoTtep Cray X-MP

MporpammupoBaHue: BEKTOPU3ALMA CaMblX
BHYTPEHHWUX LMKAOB M pacnapansienNMBaHue Ha
BHELUHEM YPOBHe, eANHOe agpecHoe
MNPOCTPAHCTBO, /IOKa/bHble U rnobanbHble
nepemeHHble.

Cynepkomnbtotep Cray Y-MP



[lokonerua apxumexkmyp u napaduemu npoecpammuposeaHus
(kodu3aliH: Memo0d — npo2pammupos8aHue — apxumexkmypa)

MaCCMBHO-I'IapafIIIeI'IbH bl€é KOMIMbOTEPDI

Ha4vano 90-x ronos.

Oco6eHHOCTU apXUTEKTYpPbI: TbICAYM
NPOLLeCcCcCoOpPOB 06BLEAMHAIOTCA C MOMOLLLBHO
KOMMYHMKALWOHHOM CETU MO HEKOTOPOM
TOMO/IOrMM, pacnpeaeneHHan NamaThb.

MporpammuposBaHue: obmeH coobuieHnamu,
OTCYyTCTBME eANHOro afpPecHOro NPoCTPaHCTBa,
PVM, Message Passing Interface.

HeobxoanmocTb BblAe/IeHMA MAacCOBOrO
napannenMsama, ABHOro pacnpeneneHuna AaHHbIX 1
COrnacoBaHMA Napannenmsama c pacnpeaeneHmem.

\ /s ’ /

Cynepkomnbtotep Intel Paragon XPS140




[loKkoneHuA apxumekmyp u napaduemu npozpammupoeaHusa
(kodu3aliH: Memo0 — npo2pammuposaHue — apxumexkmypa)

MapannenbHble KOMMNbIOTEPDI C 0OLLEN
NamMATbIO

CepenunHa 90-x rogos.

Oco6eHHOCTU apXUTEKTYPbI: COTHM MPOLLECCOPOB
o0bbeanHATCA Ha obLLe NamATbIo.

MporpammupoBaHue: eanHoe agpecHoe
NPOCTPAHCTBO, JIOKaNbHble N rnobanbHble
nepemeHHble, Linda, OpenMP.

CynepkomnbtoTep Sun StarFire



[MokoneHua apxumekmyp u napaouamsl NPo2PaMmmupo8aHUa
(kodu3atliH: Memoo — npo2pammuposaHue — apxumexkmypa)

Knactepbl U3 y3/10B ¢ 06LWeit NamATbIo

)
\
|

-, I

Hayano 2000-x.

g
*
-
™

Ocob6eHHOCTU apXUTEeKTYpbI: 60nbLLIOE YNCNIO
MHOFOMNPOLLECCOPHbIX Y3/10B 06bEAMHAIOTCA
BMECTE C MOMOLLbIO KOMMYHWUKALMOHHOM CETU MO
HEKOTOPOW TOMONOrNK, pacnpeaeneHHas NamaTb;
B PaMKaX KaXK[o0ro y3na HECKO/IbKO
(MHOrosgepHbIX) NpoueccopoB 0b6beaMHAKTCA
HaA obLen namaTblo.

MporpammupoBaHue: HEOAHOPOAHAA CXeMa
MPI+OpenMP;

HeobxoAMMOCTb BblAeNEeHMA MacCOBOrO
napannennsma, ABHoe pacnpeaeneHme AaHHbIX,
obMmeH coobLWEHNAMMN HA BHELLHEM YPOBHE;
pacnapannenMBaHue B e4MHOM apecHOM
MPOCTPAHCTBE, NOKaNbHbIE U INobabHbIe
nepemMeHHble Ha YPOBHe y3/a ¢ obLLel NamAaTbio.

“K” cynepkomnbiotep



[lokonerHuAa apxumekmyp u napac)ue/vlbl npocpammuposaHus
(kodu3aliH: Memod — npo2pammuposaHue — apxumexkmypa)

Knactepbl U3 y3/10B ¢ 06L1ei NamMATbIO C
yCKOpUTENAMMU

s AN
OO b s

C KoHua 2000-x [0 HacToALWEro BpeMeEHM.

Oco6eHHOCTU apPXUTEKTYpPbI: 6O/bLLIOE YNC/O
MHOTOMPOLECCOPHbIX Y3/10B 06beANHAIOTCA
BMECTE C MOMOLLbIO KOMMYHUKALMOHHOM CETU No
HEeKOTOPOW TONOAOrMK, pacnpeaeneHHasa NnamsaThb;
B PaMKax KaXKA0ro y3/1a HECKO/IbKO
(MHOrosgepHbIX) NpoueccopoB 0b6beaMHAKTCA
Hag obLie NamMATbIO; Ha KaXKA0M y3/1e HECKO/IbKO
yckoputenen (GPU, Phi).

MporpammupoBaHue:
MPI+OpenMP+0OpenCL/CUDA; AMD ROCm/HIP

CynepkomnbtoTtep Tianhe-2



EuroHPC JU — npoecpamma paszsumus

cynepkommnsomepHoU UHgppacmpykmypesl 8 Espone
(https://eurohpc-ju.europa.eu/)

Hassanne CtpaHa MocTaBLmK H{ECELS Rmax Mecro 8 BbluncnmtenbHble pasaensi Paspgenbl CX4
KOMMbloTEPa P . (Pflops) | (Pflops) Espone Pasa 5
1

Lumi Finland HPE 539,0 386,0 GPU-pertition (AMD Instinct GPU) 7PB ultra-fast flash storage
CPU-partition (AMD EPYC CPU) 80PB traditional storage
Data analytics partition
Container cloud partition

Leonardo Italy Atos 315,0 249,0 7 2 GPU-pertition (NVIDIA Ampere) 5PB flash/NVMe
CPU-partition (Intel Sapphire Rapids) 100PB traditional storage
MareNostrum 5 Spain Bull/Lenovo  295,0 215,0 8 3 General Purpose (Intel Sapphire Rapids ~ 248PB SSD/flash/HD
Accelerated partition (NVIDIA Hopper) 402PB tape storage
Meluxina Luxembour Atos 18,3 12,8 89 22  GPU-pertition (NVIDIA Ampere A100) 20PB flash storage
g CPU-partition (AMD EPYC) Tape storage
Accelerator - FPGA
Karolina Chechia HPE 12,9 9,6 135 37
Discoverer Bulgaria Atos 5,9 4,5 188 59
Vega Slovenia Atos 5,4 3,8 226 68
Deucalion Portugal  Fujitsu/Atos 5,0 3,9 219 67
Jupiter Germany ParTec-Eviden 1000+ Booster (NVIDIA Grace-Hopper) 21PB low-latency flash storage
Cluster (Rhea - EPI project, ARM-based)  29PB NVMe storage
300PB traditional storage
700PB tape storage
- ** * **
4 *
_*



Cynepkomnstomep Jupiter, Germany, Julich

Jupiter — nepBbIM cynepkomnbloTep Knacca Exascale 8 EBpone. Mporpamma EuroHPC JU.
CtommocTb — 500 MaH.eBpO, BK/IHOYAA pacxoabl Ha NnpuobpeTeHme u sKcnyaTaumto.

Jupiter, nBe ocHoBHble YacTu: Booster u Cluster.
Booster: 6000 Bbiy.y3n08, 1 Eflops (fp64, HPL), 70+ Eflops (8-bits),

Bbiu.y3en — 4 * NVIDIA Grace-Hopper; 4 * InfiniBand NDR (200 Gbit/s),

(4 * CPU Grace (ARM, 72 cores, LPDDR5X, 500GB/s)) * CPU NVLink (100GB/s bi-directional bw)

(4 * GPU Hopper H100, HBM3, 4TB/s) * NVLink 4 (150GB/s per direction)
Cluster: 1300 Bbiu.y3no8, 5 Pflops (fp64, HPL),

Bbiu.y3en — 2 * (CPU Rheal, 80 ARM cores), 2*64GB HBM+512GB DDRS5; InfiniBand NDR (200 Gbit/s)
Interconnect: InfiniBand NDR (200 Gbit/s), DragonFly+ groups (FatTree inside each group) for Booster,
Cluster, storage, administrative infrastructure.

100+100 GB/s
100+100 GB/s

%
4000 GB/s
4000 GB/s

%

%
4000 GB/fs
4000 GB/s

%

100+100 GB/s
100+100 GB/s

Booster: cTpyKTypa BbI4MCAUTENBHOIO y3/1a



NVIDIA Grace Hopper Superchip

(co-design is not simple)

NVIDIA GH200 Grace Hopper Superchip

34 teraFLOPS

CPU LPDDRSX ; FP64
<480GB
Y FP64 Tensor Core 67 teraFLOPS
£
P
B g 5 FP32 67 teraFLOPS
Q 4x 8 = [} =3 TF32 Tensor Core 989 teraFLOPS* | 494 teraFLOPS
Q. -] o
(e 16x PCle-5 * 4 o
e 512GB/s g g .\é Prad BFLOAT16 Tensor Core 1,979 teraFLOPS* | 990 teraFLOPS
on —
S ;‘ vi FP16 Tensor Core 1,979 teraFLOPS* | 990 teraFLOPS
>~ 4
FP8 Tensor Core 3,958 teraFLOPS* | 1,979 teraFLOPS

_____________________________________________________

» Using the STREAM benchmark, the researchers achieved 3.4 TB/s H100 of HBM3 memory
bandwidth, short of Nvidia’s theoretical claim of 4 TB/s.
* Nvidia claims LPDDR5X bandwidth speeds of 500 GB/s, and the researchers measured real-world

performance of 486 GB/s.
 The NVLIink-C2C interconnect bandwidth was 375 GB/s for transfers from host-to-device and 297

GB/s for device-to-host. That adds up to a total bandwidth of 672 GB/s, well short of the 900 GB/s
two-way transfers claimed by Nvidia.

G. Schieffer, J. Wahlgren, J. Ren, J. Faj, |. Peng, “Harnessing Integrated CPU-GPU System Memory for HPC: a first look into Grace Hopper”,
arXiv:2407.07850.



Ceolicmea memooa u asn20pumma — 3nemeHm Koou3aUHa
(MHbopmauuoHHaAs cmpyKkmypa — 371eMeHm onucaHusa anzopumma)

OrpomHbIN pecypc napansiennsama
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(CynepkomneiomepHsili KOOU3aliH: MPOeKMuUpPOo8aHuUe 8bi4UCAUMENbHbIX cucmem)

4 )

/ VHbOpMaLMOHHas \ Ecnmn I:ZiblHVIC{'IVITanHOE Aapo
CTPYKTYpa anropuTma data-intensive, To 60oblI0e

onpegenaet YUCNO KaHasoB A0CTyna B

KOMMyHVIKaLl,MOHHbIl\;I | > NamMATb MOXeT OKa3aTbCA

BIANOKEHNA 60/1€e BaXKHbIM, YEM YKC/I0

I‘Ipod)mnb,u,onmeH BblYMCAUTENDbHbIX A4ep.
COOTBETCTBOBATb TOMO/IOMNA

NS
\_ e b <
-

OYeHb MHTEHCUBHbIN 06MeH
OAaHHBIMU MEX Ay
NpoLLeCccCamm YacTo 03Havaet
MHOECTBO MOPTOB Ha
BbIUMCUTENBHOM Yy3/1e.

1. Obwee onncaHune anropntma
. MaTemaTn4yeckoe onnucaHne anropmTma

3. BbluncautenbHoe aap roputma
(onepauua, dopmaTbl AaHHbIX, CTPYKTYPbI AaHHbIX)

4. MaKpOoCTpYyKTypa anroputma
(MaKDOOI'IepaLI,VIVI, TUNoBble BblYNCINTEND

5. Cxema peanusaymm nocnenos

6. nOCHEﬂ,OBaTEIIbHaFI CNOX Tb a/ITOPUTMA
(apndmeTnyeckme onepauyi, onepawumm YTeHna/3anuc

7. UHPOopMaLMNOHHDIN Fpad anroputma
8. Pecypc napannennsma asroputma

N

AN

BblcoKas BbluMCAUTENbHAA
MOLLHOCTb AB/IAETCA
HEOBX0AMMbIM, HO He
[0CTaTOYHbIM YCNOBUEM AN1S

MCMNONb30BaHMUA GPU./ k )
\ 7 < / ANroputTm onupaerca Ha \

AN

AVMHAMUYECKMe CTPYKTYpbI
[aHHbIX, U 3TU CTPYKTYpbI
[ONKHbI BbITb AOCTYMHbI

NS BCEM napasienbHbiM

(napanneanaﬂ C/IOXKHOCTb a/ITOPUTMa, z pebyioT npou'(;ccaM' noz:\jg\y
KOMMYANKALMOHHYIO CETb C Heobxoamma
9- BXOAHb'G M BbIXOAHble AaAdHHDbJf HUBKOM NaTEHTHOCTBIO. \ apXUTEKTypa. j
10. CBowcTBa anropmMTma J ~ ~
(BbILWICl] nTenbHaA MOLWHOCTD, yCTOVI‘-WIBOCTb, AETEPMUNHUPOBAHHOCTD, £ \ Bonbuwoii pecypc SIMD-

M onepauuii agaserca

HW3KaA, TO CTPYKTYpa K3lLl- HEeobX0ANMbIM, HO He
NaMATY He TaK BaXkHa KaK [0CTAaTOYHbIM yCNoBUEM AN1A

12. Bo3moXHble cnocobbl 1 0COBEHHOCTM NAapPaNNenbHOM p| "/ P S ™ ucnovsosarua GPU.
(features, properties, programming technologies...) OnepaTuBHOA NamATH. \_ )

13. Bo3moKHble NpenAaTcTBUA ANA MaclTabmnpyemocTu anré),\ /
(orpaHuMyeHHbIN pecypc Nnapannenusma, gucbanaHc BbIMUCNEHUN, CUHXPOHMU3ALMA...) 11 [ipyTYe BbIBOAY,

14. Bo3moXHble 0COHEHHOCTM ANHAMUYECKNX XapPaKTEPUCTMK B peann3aumnm a
15. CywectBytowme peanmsaymm aaropmutma

Ecnu nokanbHOCTb AaHHbIX

oTpaKatoLLe B3aMMoCBA3b
CTPYKTYpbI ¥ CBOMCTB
aNropPUTMOB U apXUTEKTYPbI
KOMMbIOTEPOB...

- J




JlaHOwagm docmynHbIX KOMMbIOMEPHbLIX ApXumeKmyp
(Hackoneko pa3zHoobpa3zeH KomnelomepHsIl Mup ce200HA?)

CynepkomnbtoTepbl | >

Manycore
O6/1aKa KnacTepbl ‘
Bh | BeKToprle . 1

" -1 £ i MbpuaHble
D D “ B 95 | LY =y W. ’T A "-' ‘ . :' .—~ L "‘uﬂ
> o> Al ’N": ) 4 N f.,‘ -1} : !U'n

bk e

g k.
1 Cneu,npou,eccopbl T b
- s ¥ : 4 i ..
—— \'\

SO RO

N mbl, 6e3ycno8HO, 001 HbI OYyMame O NMpPasuabHOM nodbope apxumeKkmypei...
A MeHSIoMCcA AU an20pUMMbl NpuU U3MeHeHUU apxumeKkmypabi?...



Cynepkomneromep Anton — anogeo3 KoousauHa

0719 MOOenuUpPo8aAHUA MOAEKYNAPHOU OUHAMUKU
(D.E. Shaw Research company)

ANTON ANTON 2 ANTON 3
=
& 100 Tape-out ‘ 2007 2012 | 2020
Sy
é == Atton 3: _s4-node CPU cores 8+4+1 66 528*
% —+— Anton 2 512-node PPIMs ‘ 32 76 | 528*
2 10 Anton 1 512:node Flex SRAM 0.125 MiB amis 66 MiB*
= Atoms / node ‘ 460 8,000 ’ 110,000*
o P> MDGRAPE-4A
s Clock frequency 0.485/0.970 GHz 1.65 GHz 2.8+ GHz
€ 1 I Best GPUs
5 Best Channel bandwidth ‘ 0.607 Tbps 2.7 Tbps | 5.6+ Tbps
Ci i |
E) SSs;fcnur:SZ(ers Process node 90 nm 40 nm 7nm
/ Transistors ‘ 0.2G 206G | 318G
log scale! oL Die size 299 mm? 410 mm? 451 mm?
10K 100K M 10M 100M Power \3ow 19 W | 360 W
Simulation size (atoms)
MoneKynﬂpHaﬂ ANHaMUKa Ha Pa3HbIX nnaTd)opmax. Pa3ssutue n poueccopoB cemencTBa Anton.

* Evolutionary changes
> Support additional functional forms
2) Increase memory capacity

Tune instruction set for MD application

Increase code density

—> * Revolutionary changes

¢ (O Double effective density of pairwise interaction :
oA : calculation i

—— 2) (@ Implement fine-grained synchronization within
memory and network

8x8 nodes

512 nodes

D E Shaw Research



Cynepkomnsiomep Anton — anogeo3 Koou3auHa

0719 MOOenuUpPo8aAHUA MOAEKYNAPHOU OUHAMUKU
(D.E. Shaw Research company)

Hot Chips Conference 2021...

Two interesting questions came from Jeffrey Vetter at Oak Ridge National Labs, who asked
if the system could scale beyond 512 nodes for larger MD simulations, and whether other
types of molecular dynamics applications were being considered, such as those focused
on material science.

Adam Batson, D.E. Shaw Research, said, “I can tell you that the hardware is physically
capable of scaling larger than 512 nodes in terms of the network in the link layer. But the
machine is definitely designed to operate normally for where a single molecular dynamic
simulation runs on at most 512 nodes...

“For the other applications, in particular material science, it’s possible there are
applications that would benefit from Anton. We’ve looked at this somewhat within D.E.
Shaw Research, but not a whole lot. Like | said before, you know, we’re not a computer
company, our focus is on curing diseases and easing human misery and we just don’t
spend a lot of time working on things outside of that scope.”

D E Shaw Research



Pazsumue apxumexkmyp 8bl4UCAUMENbHbIX CUCMEM

0114 3¢hchekmuBHO20 peweHuUa Knaccos 3a0a4
(koou3aliH u cneyuanuzayus)

Bo3MoHble NpnymHbl noasaeHnsa BC cneymanbHOM apXUTEKTYpbI:
* 3PpPEeKTUBHOCTb

* [poun3BoanTENBHOCTD

* LleHa/npon3BoauTeNbHOCTb

* JHeproapPeKTUBHOCTb
[ ]
MaTpuyHble FPGA-cuctembl ObnayHble GPU + TeH30pHble KBaHTOBbIE
crnewnpoLeccopsl cpeapl Aapa KomMnbloTepbl
YHuBepcasbHble
BbIYMCNTE/IbHbIE
CMCTEMbI
Conpougeccopbl lpwng v pacnpeneneHHble lpadunueckme ®PoTOHHbIE

(i286/287) BblYMCINUTENbHbIE Cpeabl npoueccopsl, GPU KOMMblOoTepbI



Cynepkomnostomep Alice Recoque, Exascale, Europe, CEA

Alice Recoque — BTOpoI cynepKkomnbtoTep Knacca Exascale B EBpone. Mporpamma EuroHPC JU.

Croumoctb — 544 mnH.espo. Caaya B akcnayatauuio — 2027-2028.

- Europe has many goals with the second supercomputer. “We are looking around and trying to
understand what level of ambition we can have there, but the aim is for the system ... to have a further
increase in European technology compared to what we managed to do in Jupiter...”

- One native European technology will be SiPearl’s ARM-based Rhea-2 chip, which will succeed the
Rhea-1 chip in Jupiter.

- Alice Recoque will be for Al and high-precision HPC.

- Like Jupiter, Alice Recoque has a modular design. A system with Rhea-2 CPUs will act as a nerve center
onto which modules such as GPU-accelerated and quantum computing systems can be added.

- EuroHPC JU also wants to use accelerators developed by EPI (European Processor Initiative) such as
EPAC, which is a RISC-V based vector accelerator.

- Europe has no plans yet for a third exascale system. EuroHPC JU leaders are instead focusing on “post-
exascale systems”. Zettascale systems were never part of EuroHPC JU plans, and it seems they
understand the technological limitations of exascale systems.

- EuroHPC JU is funneling more money into quantum computing systems, which will be installed at six
computing sites. The organization also connects all 29 high-performance systems in Europe.

- Europe is also making significant upgrades to existing supercomputers.
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cam 3 MUpa 0ONBLWNE MOLWH

«NU-ruracdabpuka» XAl pa3aMecTUTCS B rMraHTCKOM AaTa-ueHTpe B TeHHecn

07.06.2024 [15:42], Pycenan Aegees

W-crapTan xAIL wypupyewmbli Wnodom Mackom (Elon Musk), HamepeH nOCTpOWTb TWFEHTCKWI JaTa-UeHTP C  CaMbiM

i
NpoWzB0aMTENBHEIM B MUpe WH-cynepkomneroTepoM. lNo gadHeiM Datacenter Dynamics, LOJA pazmecTWTCA B OEpPeCTHOCTAX v
Memdnca (WwraT TeHHeco), @ NoKa oxuaaeT ogolpeHna BRacTei. —
hardware
B oBozpumom ByoylleM KOMNAHMA JON¥HE NOAYYNTE COTHM ThICAY YCKOPUTENEd AnA obyueHWs HOBLIX MOAENeH, B UACTHOCTH, UaT- e
bota Grok, npegnaraeMoro, HanpuMMep, No NOANWMCKE B couWansHoW cetw X (Twitter). PaHee B CeTb yTekna WHQOPMaUWA, JTO
NVIDIA nepegact AL YWnkbl, W3HAYANEHO NpegHazHadaewrecd anA Tesla — Mack BecbMa BOALHO PACNOpPAMAETCA aKTHEAMM —
NOAKOHTPOALHER eMy BMIHECOE, YACTo BLIZLIEAA HELOBONLCTEO MHEECTOPOE. ai
Moka NpPoeKT O¥WOAET OKOHYATENBHOrC paspeweHuAa oT mectHoro OwzHec-wHkyGatopa Memphis Shelby County Economic M

Development Growth Engine (EDGE), a Takwxe MyHUUMNANkHEIX W fedepantHbx BnacTeld. BnpoueM, ropasgo BamHes Q0MAATHCA T
r

oaobpeHwa 3HepreTMueckod  KoMmnaduw  Tennessee Valley Authority (TVA). Peanuzauua npoekTa CynuT NOABNEHWE

BbICOKOONNavYMBaeMblx paﬁnuux MeCT W yBenH4eHHe O0X0A0B WTATd, YTO NOMOMET nNogoepHuedTb W MOOEPHUIWPOBAETL MECTHYH _—

WHDPACTPYKTYPY.



KeaHmoable KoMneromepbl 8 CyrnepKomMnbromepHou
UHGpacmpykmype

- IBM announced a 10-year, $100 million initiative with the University of Tokyo and the University of
Chicago to develop a quantum-centric supercomputer powered by 100,000 qubits.

- In collaboration with the Leibniz Supercomputing Centre (LRZ), the Q-Exa consortium has
integrated a 20-qubit quantum computer into a supercomputer, SuperMUC-NG in Germany. The aim
of the project was to connect quantum processing units (QPU) based on superconducting circuits to a
supercomputer and to develop interfaces and control tools for this purpose.

- The primary motivation for colocating quantum and classical computers lies in the complementary
nature of their computational strengths.

- Unlike classical computers, which operate at room temperature, many types of quantum computers
need extremely low temperatures, often near absolute zero, to maintain quantum coherence.

- We're having to learn a whole new set of operational programs. We have to worry about all these
other external factors — humidity, temperature, electromagnetic radiation, electromagnetic
interference and vibrations.

- Another critical requirement is the maintenance and calibration of quantum computers. However, the
required skills to maintain a quantum computer might be different than a classical HPC.

- On the flip side, qguantum computers are very power-efficient, requiring at most tens of kilowatts to
operate, as opposed to megawatts required from classical HPCs.

- Today’s quantum computers are incapable of performing long calculations. These perform rapid
alternation between a classical and a quantum part, thus trying to overcome the limitations of the
guantum machines. Such rapid back and forth between quantum and classical makes data transfer
latency of greater importance.



HPC, Al, Quantum...

X  NCSA

RESEARCH EXPERTISE PEOPLE NEWS & EVENTS

On the academic research side, there’s a lot of mterest in understandlng the
strengths and weaknesses of Al systems — “explainable Al.” There’s great
interest in figuring out how we can build Al systems that don't produce false

outputs.

How do you increase the speed at which you can do that while reducing the

amount of computing and energy it takes? There’s a huge amount of research
that needs to be done that doesn’t require the enormous scale that you find in

the commercial sectors.

| think there are some very interesting long-term research questions since the
methods we're currently using are somewhat brute force.

concern that there is too much focus on Al or quantum —

and that some of the fundamentals will get lost.

There's a lot of
that's another one —

DELTA OFFERS:

« Eight utility nodes will provide login access,
data transfer capability and other services

« 200 Gb/s HPE SlingShot network fabric

« 7 PB of disk-based Lustre storage

+ 3 PB of flash based storage for data intensive
workloads

100 quad A40 GPU nodes consisting of:

« Single AMD 64-core 2.55 GHz Milan processor

* 256 GB DDR4-3200 RAM

* 1.6 TB NVMe solid-state disk

* Four NVIDIA A40 GPUs with 48 GB GDDR6 RAM

One MI100 GPU node consisting of:

« Dual AMD 64-core 2.55 GHz Milan processors
* 2TB DDR4-3200 RAM

* 16 TB NVMe solid-state disk

* Eight AMD MI100 GPUs with 32 GB HBM2 RAM

DELTA Al OFFERS:

* 456 H100 NVIDIA GPUs

* 200 Gb/s HPE SlingShot network fabric

« Two Lustre file systems (based on HDD
and NVME, respectively) shared with
Delta to support both block and small
file 10.

* Access to project space on the “Taiga”
Lustre based center wide project file
system

« Home directories provisioned on the
“Harbor” VAST based center wide home
directory system.

124 CPU nodes consisting of:

* Dual AMD 64-core 2.55 GHz Milan processors
* 256 GB DDR4-3200 RAM
+ 800 GB NVMe solid-state disk

100 quad A100 GPU nodes consisting of:

« Single AMD 64-core 2.55 GHz Milan processor

* 256 GB DDR4-3200 RAM

* 1.6 TB NVMe solid-state disk

* Four NVIDIA A100 GPUs with 40 GB HBM2 RAM
and NVLink

Five eight-way A100 GPU nodes consisting of:

* Dual AMD 64-core 2.55 GHz Milan processors

* 2TB DDR4-3200 RAM

* 16 TB NVMe solid-state disk

« Eight NVIDIA Al100 GPUs with 40 GB HBM2 RAM
and NVLink

T4 CPU-GPU nodes consisting of:

* 4 Grace Hopper GH200 superchips per node

« Each GH200 superchip has one H100 GPU and a
72-core Grace ARM CPU.

* Each H100 has 96GB HBM3

* Each Grace ARM CPU has 120GB of LPDDRSX
memory

« 4 Slingshotl network connections: 1 per Grace
Hopper superchip

* One 3.5 TB NVME drive per node

Intersect360

RESEARCH

Addison Snell,

00714 pbIHKA:

HPC only, no Al — 10%
Al only, no HPC — 10%
Both, HPC and Al — 80%
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