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Rmax Rpeak Power
Rank System Cores (TFlop/s) (TFlop/s) (kW)

1 Supercomputer Fugaku - Supercomputer Fugaku, 7,630,848 442,010.0 537,212.0 29,899

A6LFX 48C 2.2GHz, Tofu interconnect D, Fujitsu
I RIKEN Center for Computational Science
' Japan
]
Summit - IBM Power System AC922, IBM POWER9 22C 2,614,592 148,600.0 200,794.9 10,096

3.07GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR
Infiniband, IBM
IDOE/SC/Oak Ridge National Laboratory

\ a ﬂ United States
P I
. H c g 7 m E Sierra - IBM Power System AC922, IBM POWER? 22C 1,572,480 94,640.0 125,712.0 7,438

3.1GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR
Infiniband, IBM / NVIDIA / Mellanox

» TOP500'J X ~(Nov. 2021)D L7102 X5 I e
— Ny — —_— 4 Sunway TaihuLight - Sunway MPP, Sunway SW26010 10,669,600 930146 1254359 15371
DOIEB AT IATTIZOES L —S%EER

China

o | O P 5 OO I 2 © 3 0 0 ~ z w/ 5 Perlmutter - HPE Cray EX235n, AMD EPYC 7763 64C 761,856 70,870.0 93,750.0 2,589
* - 2.45GHz, NVIDIA A100 SXM4 40 GB, Slingshot-10, HPE

DOE/SC/LBNL/NERSC
United States

N}

w

Selene - NVIDIA DGX A100, AMD EPYC 7742 64C 555,520 63,460.0 79.215.0 2,646
Accelerator/CP Family System Share Accelerator/CP Family Performance Share 2.25GHz, NVIDIA A100, Mellanox HDR Infiniband, Nvidia
NVIDIA Corporation
United States
@ NVIDIA Volta @ NVIDIA Volta

@ NVIDIA Ampere
NVIDIA Pascal
@ NVIDIA Kepler

@ NVIDIA Ampere
NVIDIA Pascal
@ NVIDIA Kepler

Tianhe-2A - TH-IVB-FEP Cluster, Intel Xeon E5-2692v2 4,981,760 61,6445 100,678.7 18,482
12C 2.2GHz, TH Express-2, Matrix-2000, NUDT
National Super Computer Center in Guangzhou

China
@ Intel Xeon Phi @ Intel Xeon Phi
. . JUWELS Booster Module - Bull Sequana XH2000 , AMD 449,280 44,120.0 70,980.0 1,764

. Matrix-2000 . Matrix-2000 EPYC 7402 24C 2.8GHz, NVIDIA A100, Mellanox HDR
@ MN-Core
@ PEZY-SC
@ AMD Vega
@ NVIDIA Fermi HPCS - PowerEdge C4140, Xeon Gold 6252 24C 2.1GHz, 669,760 35,450.0 51,7208 2,252

Hvbrid NVIDIA Tesla V100, Mellanox HDR Infiniband, DELL EMC
@ Hybri Eni S.p.A.

Others Italy

Voyager-EUS2 - ND96amsr_AT100_v4, AMD EPYC 7V12 253,440 30,050.0 39.531.2
48C 2.45GHz, NVIDIA A100 80GB, Mellanox HDR

Infiniband, Microsoft Azure

Azure East US 2

https://www.top500.0rg

S AT LET(E1I30% > AT AERET(EHI42%

6
7
8
Others InfiniBand/ParTec ParaStation ClusterSuite, Atos
sc jszentru elic
Other Forschungszentrum Ju h (FZJ)
Germany
9
10
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« POESL—AEESTND149 AT LDSE143S AT
TNVIDIAtTDGPUZFIA (= 96%)

Accelerator/CP Family Count System Share (%) Rmax (GFlops) Rpeak (GFlops) Cores
1 NVIDIA Volta 84 16.8 608,245,890 1,015,712,384 11,475,992
2 NVIDIA Ampere 43 8.6 527,074,700 749,271,060 5,072,700
3 NVIDIA Pascal 8 1.6 54,569,640 80,911,013 1,080,788
4 NVIDIA Kepler 6 1.2 17,082,090 27,962,710 403,712
5 Intel Xeon Phi 2 0.4 4,610,520 6,462,566 369,336
6 Matrix-2000 1 0.2 61,444,500 100,678,664 4,981,760
7 MN-Core 1 0.2 2,181,200 3,389,520 1,664
8 PEZY-SC 1 0.2 1,684,830 2,353,850 822,400
9 AMD Vega 1 0.2 1,661,000 2,472,960 100,800
10 NVIDIA Fermi 1 0.2 2,566,000 4,701,000 186,368
11 Hybrid 1 0.2 3,126,240 5,610,481 152,692
12 Others 351 70.2 1,750,732,014 0 0
https://www.top500.0rg
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FY 2016 FY 2021 FY 2022 FY 2023
¢ ™y
FRONTIER \
_ O
Cra}fJAM[!NUIDIA - '. \__HPE{AMD / Exascale

Systems

|

AMD, Intel and
NVIDIA GPUs!

E‘qu To date, only
Cray/Intel KNL NVIDIA GPUs

ANL
IBM BG/IQ

decommissioned

LENL
Cray/Intel Xeon/KNL

|
]
1
1
1
]
]
]
1
I — i
1
]
]
1 e
1
1
1
]
]
1
1
]
]
]
]

- -

i LANL/SNL .
Cray/Intel Xeon/KNL IBAY/NVIDIA

- -

LANL/SNL
HPE/TBD

https://www.hpcwire.com/2021/03/11/rice-oil-and-gas-keynote-offers-exascale-lessons-and-thoughts-on-technology-uptake/
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ANDEEB 7 OS5 L —IDH)
GPULINDEET7Z IS |
GraphCore Colossus MK2 GC200 IPU NEC SX-Aurora TSUBASA Vector Engine Type 20A

IPU-Tiles™ us us - - - - us -
——————————— H H - H e = o= -
1472 independent IPU-Tiles™ each with an | = = = i = = = =
IPU-Core™ and In-Processor-Memory™ | == == == T T == == i N j 'U'
I g2 Bs = = 2= g= gs BS }\9 |‘ )I/ Dt 4
| g3 B8 = = 22 = £s ]
IPU-Core™ i g5 a5 8 BS! e a8 ] B

————————

. 1 11 (1] . . n un 7 L
1472 independent IPU-Core™ | H FH H H = = H i e — =7
! H H HH H H H H H mﬁ ﬂﬁ IbN B j ﬁ 72@
8832 independent program threads | H +H H HH H HH HH
| —
I

executing in parallel HH T HH H HH HH H HH :I 7|EAE s
N FE F F IN| zoeossmee  571ERE
In-Processor-Memory™ Lo - - -=HAEsEE &= H i= i H as NECaR~ a7 = = 7 = a7
R e S| T T | = - = - = i 307GFlops(DP)

900MB In-Processor-Memory™ per IPU 614GFlops(SP) I

47.5TB/s memory bandwidth per IPU

| O=z s rvo
! l.l ﬁgg&iﬁﬁﬁﬁ T—I9 P21t AEE *+wa 16MB
1.53TB/s

_éi = m : ________ IPU-Exchange™ f f f f f f
EE i 1!_ 8T8/s all to all IPU-Exchange™ — -~ I | | | | I
= | Non-blocking, any communication pattern ﬁm - 9 / Oz
H |
= !

tHFRIMHBMZ x65=3: S 1.53TB/s

_________

EE EE EE EE EE SE é; EE 64 GB/s bidirectional bandwidth to host 8- 125 CPUE BB l l 1 l 1 1
e = . - IPU-Links™ FRTeHEfE AT JHBM2 fE T

= = il ol il bls Bl im0 ETSMCitE 28582

EE EE §§ EE EE §§ é; §§ 320GB/s chip to chip bandwidth

https://www.graphcore.ai/ https://jpn.nec.com/hpc/sxauroratsubasa/features/index.html
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2028 F D A=—aF7 B AT LD FHIMERE (WP1.0.0&Y)

s — == X
s IxLIEMWEFEITEH®A1.8 EFLOPS (BENDMHEEMD3.37/8)
30MW AOMW 50MW — AT LDENHHDIRE
60% 70% 80% 60% 70% 0% 60% 0% 80% |+—CPUDEN/\Txvh
vy MIC | 46620 | 54300 | 62160 | 62160 | 72520 | 82880 | 77700 | 90650 | 103600 || 158,976
Ba 78 3.3x106 | 3.8x106 | 4.4x105 | 4.4x106 | 5.1x10° | 5.8x10° | 5.4x10° | 6.3x106 | 7.3x10° || 8.3x106
PFLOPS 815 950 1086 | 1086 | 1267 | 1448 | 1358 | 1584 | 1810 537
DDR #4 102 120 137 137 160 182 171 200 298 —
BW (PB/s)
HBM 307 358 410 410 A78 547 512 508 683 163
BW (PB/s)
DDR 7kt | 17 20 23 23 27 31 2 3 39 —
(PB)
HBM f&a7% 4 5 5 5 6 7 7 8 9 4.85
(PB)
ATy
> 2> BW 1.6 1.6 1.6 16 16 1.6 1.6 1.6 1.6 0.33
(Th/s) e
BroOMRE | M 34 34 3 34 34 34 34 34 SE)EEDFHET
(TB/s)
BA R L— 3.45 3.45 3.45 3.45 345 3.45 3.45 3.45 3.45
74k (EB)

Slides courtesy of Masaaki Kondo (2021)



2028 F MDGPUEEHE L AT LD F HIMERE (WP1.0.0&Y)

« OB TR THRAKX18.0 EFLOPS (EEND 62 33.51F)

N ~ o~ 30MW AOMW SOMW
RTFEFRIDEGE 0% | 0% | 80% | 60% | 0% | 80% | 60% | 0% | 0%
(NVIDIA GPUD T4 EE [ aPu 50661 | 59104 | 67548 | 67548 | 78806 | 90064 | 84435 | 98508 | 112580
FLURADHME) | R 53x108 | 6.2x10°8 | 7.1x108 | 7.1x10° | 8.3x108 | 9.4x10° | 8.8x108 | 1.0x10° | 1.2x10°
PFLOPS 1279 | 1492 | 1706 | 1706 | 1940 | 2474 | 2132 | 2487 | 2843
HBM#&BW | 91 107 122 122 143 163 153 178 204
(PB/s)
HBM ais 1 1 2 2 P P P 3 3
(PB)
30MW AOMW S0MW
= ~ N B A\
FEBE TR DIZE 60% | 0% | 80% | 60% | 0% | 0% | 6% | 0% | 80%
(CPUEDTEREEE D) | cPux 50661 | 59104 | 67548 | 67548 | 78806 | 90064 | 84435 | 98508 | 112580
NN BT 3.4x10° | 3.9x10° | 4.5x10° | 4.5x109 | 52x10° | 6.0x10° | 5.6x10° | 6.5x10° | 7.5x10°
NV EDLAME) PFLOPS 8083 | 0431 | 10778 | 10778 | 12574 | 14371 | 13472 | 15718 | 17963
HBM#BW | 334 300 45 445 520 504 557 650 743
(PB/s)
HBM #%& | 4 5 6 6 7 8 8 9 10
(PB)

Slides courtesy of Masaaki Kondo (2021)
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nVIDIA BlueField-2

<~ Future HPC Systems Will be Customized...

+ You will be able to dial up what you need in your
computer for your application mix ...

GPU FPGA

>PU
rnrn

FLEXIBILITY

= 4 1 - =
S@elE I 1E
= PJE 32 = = 000
INARERE LLLLLLLL) '
Neuromorphic Quantum Neural Engine Tsor' pﬂcal
Dongarra@RSD2020
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®

SYCL Implementations in Development (2021/04/27)

SYCL, OpenCL and SPIR-V, as open industry
standards, enable flexible integration and
deployment of multiple acceleration technologies

GyeL

Source Code

( codeplay’/ ¢ computeCpp

B DPC++
NY\aM  Uses LLVM/Clang
Part of oneAPI

ComputeCpp triSYCL
Multiple Open source
Backends test bed

Y
~\ s, oy

o)
N,

NVIDIA

-
CUDA e D -
NVIDIA Any CPU OpentL 2 ey 13

- 1§
OpenCL 'l Any CPU
SPIR. O’penEIl
e Intel CPUs SPIR.
OpenCL Intel GPUs
SPIR Intel FPGAs XILINX FPGAs
" Intel GPUs AMD GPUs POCL
Intel CPUs (depends on driver stack) (opep-source OpenCL
intel GPU Arm Mali s Cr i
Intel FPGAs IMG PowerVR
Renesas R-Car w

This work is licensed under a Creative Commons Attribution 4.0 International License

SYCL enables Khronos to e
influence ISO C++ to (eventually)

support heterogeneous compute

& XILINX.

GPUs | NVIDIA GPUS 1€ TBB

5
.
UNIVERSITAT S

HEIDELBERG TOHOKU

neoSYCL

ipsYc

hipSYCL
CUDA and
HIP/ROCm

SX-AURORA
TSUBASA

\ AVIDIA
CUDA
‘\ NVIDIA GPUs
\\ VEO
<
. Intel CPUs
Cm
Intel GPUs

AMD GPUs

Multiple Backends in Development
There is development on supporting SYCL on
even more low-level frameworks.

For more information: http://sycl.tech
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https://www.pccluster.org/ja/event/2022/01/220120-hpcoss-ws.html
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13:00-13:20 HRIEE - BEEHA

13:20-13:45 {52 K #15 (TXEF v 7EFS4H) ‘
[GPUEDPUIC KD 7OESL—FY R OAYEA—FT1 2]
13:45-14:10 Greg, Oakes (AMD)
[AMD Instinct GPU and ROCm technical overview]

14:10-14:35 PEF 5F (Graphcore Japan KK)
[AIEFHT O Y YIPUl

14:45-15:10 XA &, BiER®E (1> )LiE&4t)
[ > )JLXPUEKES |

15:10-15:35 [E iI5A (BEREBSIENS)
[\ Uy RPZOtS5 L —4 SX-Aurora TSUBASA|

15:35-16:00 f5fE 2R (SambaNova)
[SambaNova Systems®DZ #8317 |

16:10-17:30 \RINFT 1« ADvS3>
[HPCZILERT D705 L — DNk I REE ]
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