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12 ͤ ͦΎ͋ͪΎ нлнпΣ ˹ˮ̂ ˤ̊̏Σ ˸͍ͦͫ͊͟ 





EuroHPC JU ς ͨ ͎ͪͦͪ͊ͣͣ͊ ͍͙͙ͪ͊ͭ͘Ύ  
͔ͫͯͨͪͦͣͨ͟ΈΌ͔͚ͭͪͤͦ ͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟· ͍ ˩͍͔ͪͦͨ 

(https://eurohpc-ju.europa.eu/) 

˹͍͙͔͊͊ͤ͘ 
ͦͣͨ͟ΈΌ͔ͭͪ͊ 

˿ͭͪ͊ͤ͊ ˽͍ͦͫͭ͊΅͙͟ 
Rpeak  

(Pflops) 
Rmax  

(Pflops) 
Top500  

(͚ͣ͊-2024) 
˸͔ͫͭͦ ͍ 
˩͍͔ͪͦͨ 

Lumi Finland HPE 539,0 386,0 5 1 

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 



EuroHPC JU ς ͨ ͎ͪͦͪ͊ͣͣ͊ ͍͙͙ͪ͊ͭ͘Ύ  
͔ͫͯͨͪͦͣͨ͟ΈΌ͔͚ͭͪͤͦ ͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟· ͍ ˩͍͔ͪͦͨ 

(https://eurohpc-ju.europa.eu/) 

˹͍͙͔͊͊ͤ͘ 
ͦͣͨ͟ΈΌ͔ͭͪ͊ 

˿ͭͪ͊ͤ͊ ˽͍ͦͫͭ͊΅͙͟ 
Rpeak  

(Pflops) 
Rmax  

(Pflops) 
Top500  

(͚ͣ͊-2024) 
˸͔ͫͭͦ ͍ 
˩͍͔ͪͦͨ 

Lumi Finland HPE 539,0 386,0 5 1 

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+     
˹͊;͊ͦ͡ ͍͙ͨͦͫͭ͊͟ ς  

нлнп ͎ͦ͒ 



˴͡Ό;͔͍·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͊ͪͻ͙͔ͭͭͯͪ͟· ͒͡Ύ 
͔͔ͦ͋ͫͨ;͔͙ͤΎ ͍·͚ͫͦͦ͟ ͙͍͙͔ͨͪͦͦ͒ͭ͘͡Έ͙ͤͦͫͭ  

͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͫͯͨͪͦͣͨ͟ΈΌ͔͍ͭͪͦ 

Åˤ·ͫͦ͊͟Ύ ͔͔ͫͭͨͤΈ ͔͙ͨ͊ͪ͊ͣ͊͘͡͡͡ ͤ͊ ͍͔ͫͻ ͍ͯͪͦͤΎͻ ͊ͪͻ͙͔ͭͭͯͪ͟· 
͔ͫͯͨͪͦͣͨ͟ΈΌ͔͍ͭͪͦ ό͔͙ͨ͊ͪ͊ͣ͘͡͡͡Σ ͍͔͚͔ͦͤͪͤͦͫͭ͟ΈύΦ 

Å˻͔͔͋ͫͨ;͔͙͔ͤ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͪ͊͋ͦͭ· ͫ ͙͔ͪ͊ͪͻ͙͔͚ ͨ͊ͣΎ͙ͭΦ 



˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ FrontierΣ ˿̊ˢ 
(#1 Top500 ͍  2022-2024 ͎ Φύ 

9 408 ͍ ·;͙͙͔ͫͭ͡͡Έͤ·ͻ ͍ͯͦ͘͡Σ 
͍ ͊͗͒ͦͣ͟ ͔ͯ͘͡Υ 

1 ͻ /t¦ǎ ό!a5 ά¢ǊŜƴǘƻέΣ сп Ύ͒ͪ͊Σ нGHz) 
4 x GPU (AMD Radeon MI250X) 

 8 699 904 Ύ͒ͪ͊ 
 

˽͙͍͙͔ͪͦͦ͒ͭ͘͡ΈͤͦͫͭΈΥ 
˽͙͟ ό͔͙ͭͦͪΎύ: 1.71 Eflop/s 
͔́ͫͭ Linpack: 1.2 Eflop/s (70%) 

 
˻͔͙͍ͨͪ͊ͭͤ͊Ύ ͨ͊ͣΎͭΈ Ґ 9.2 PBytes 

HDD = 716 PB (+37 PB ͤ ͊ ͯ͊͘͡ͻ) 
 

22.7 MW ό͍͔͎ͫͦ 29 MW) ς 52.2 Gflops/Watt  
όм ͚ͫͭͦ͊͟ ς 62.68 Gflops/Watt ) 

 
 



́͊͟ ͙͡ ͍͊͗ͤͦΣ ͦͣͯ͟ ͔͒ͦͫͭͯͨͤ Ήͭͦͭ ά̏ ͊͘͟ͺͦͨͫ͡έ? 
(̏͊͘͟ͺͦͨͫ͡Σ Ή͙ͦͤͦͣ͊͟͟Σ ͔͋ͦͨ͊ͫͤͦͫͭ͘ΈΧ) 



́͊͟ ͙͡ ͍͊͗ͤͦΣ ͦͣͯ͟ ͔͒ͦͫͭͯͨͤ Ήͭͦͭ ά̏ ͊͘͟ͺͦͨͫ͡έ? 
(̏͊͘͟ͺͦͨͫ͡Σ Ή͙ͦͤͦͣ͊͟͟Σ ͔͋ͦͨ͊ͫͤͦͫͭ͘ΈΧ) 



͙̉ͫͦ͡ Ύ͔͒ͪ ͍ ͙͔ͫͫͭͣ͊ͻ ͙ͫͨͫ͊͟ Top500 
(http://top500.orgΣ ͤͦΎ͋ͪΈΣ нл2о ͎Φύ 

 

˽͙ͦ͘ͼ͙Ύ ͙͔ͫͫͭͣ· ͍ ͙͔ͫͨͫ͟ Top500 

˿͔ͪ͒ͤΎΎ ͔͔ͫͭͨͤΈ ͔ͨ͊ͪ͊͡͡͡Έ͙ͤͦͫͭ ͍ ͙͔ͫͫͭͣ͊ͻ ͙ͫͨͫ͊͟ Top500 ς нмн снт ͍·;͙͙͔ͫͭ͡͡Έͤ·ͻ Ύ͔͒ͪ. 



˴͡Ό;͔͍·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͊ͪͻ͙͔ͭͭͯͪ͟· ͒͡Ύ 
͔͔ͦ͋ͫͨ;͔͙ͤΎ ͍·͚ͫͦͦ͟ ͙͍͙͔ͨͪͦͦ͒ͭ͘͡Έ͙ͤͦͫͭ  

͍͔͔ͫͦͪͣͤͤ·ͻ ͔ͫͯͨͪͦͣͨ͟ΈΌ͔͍ͭͪͦ 

Åˤ·ͫͦ͊͟Ύ ͔͔ͫͭͨͤΈ ͔͙ͨ͊ͪ͊ͣ͊͘͡͡͡ ͤ͊ ͍͔ͫͻ ͍ͯͪͦͤΎͻ ͊ͪͻ͙͔ͭͭͯͪ͟· 
͔ͫͯͨͪͦͣͨ͟ΈΌ͔͍ͭͪͦ ό͔͙ͨ͊ͪ͊ͣ͘͡͡͡Σ ͍͔͚͔ͦͤͪͤͦͫͭ͟ΈύΦ 

Å˻͔͔͋ͫͨ;͔͙͔ͤ Ήͺͺ͔͙͍͚ͭͤͦ͟ ͪ͊͋ͦͭ· ͫ ͙͔ͪ͊ͪͻ͙͔͚ ͨ͊ͣΎ͙ͭΦ 

Å͔̇͡Έ ͙ͫͦ͒͊ͤ͘Ύ ͔ͫͯͨͪͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͙͔ͫͫͭͣ ς ͋ ·͔ͫͭͪͦ ͔ͪ΄͔͙͔ͤ 
͍·;͙͙͔ͫͭ͡͡Έͤͦ ͫͦ͗ͤ͡·ͻ ͊͒͊͘; ͙ ͦ͋ͪ͊͋ͦͭ͊͟ ͍·͚ͫͦͦ͟ ͍·;͙͙͔ͫͭ͡͡Έ͚ͤͦ 
͎͙ͤ͊ͪͯ͘͟Φ 

Åˣ͔͘ ͯ;͔ͭ͊ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͊ͪͻ͙͔ͭͭͯͪ͟· ͍·;͙͙͔ͫͭ͡͡Έͤ·ͻ ͙͔ͫͫͭͣ ͍·͚ͫͦͦ͟ 
͙͍͙͔ͨͪͦͦ͒ͭ͘͡Έ͙ͤͦͫͭ ͔ͤ ͙͒ͦͫͭ;ΈΦ 



̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ ͍·;͙͙͔ͫͭ͡͡Έͤ·ͻ ͙͔ͫͫͭͣ 
ό͔͚͙͎͙ͪͭͤ Top500, HPCG500, Green500, Graph500) 

˸͔ͫͭͦ ͍

Top500
˿͙͔ͫͭͣ͊

͙̉ͫͦ͡

Ύ͔͒ͪ

Rmax

(Pflops)

Rpeak

(Pflops)

Power

(kW)

̏ͺͺ͔ͭ͟πͭΈ

Top500 (%)

˸͔ͫͭͦ ͍

HPCG500

̏ͺͺ͔ͭ͟πͭΈ

HPCG (%)

˸͔ͫͭͦ ͍

Green500

Graph500

BFS

Graph500

SSSP

1
Frontier - HPE Cray EX235a, AMD 

Optimized 3rd Generation EPYC 

64C 2GHz, AMD Instinct MI250X, 
8 699 904,00 1 206,00 1 714,81 22 786,00 70,33 2 0,80 13 3 -

2
Aurora - HPE Cray EX - Intel 

Exascale Compute Blade, Xeon 

CPU Max 9470 52C 2.4GHz, Intel 
9 264 128,00 1 012,00 1 980,01 38 698,00 51,11 3 0,28 42 5 -

3
Eagle - Microsoft NDv5, Xeon 

Platinum 8480C 48C 2GHz, NVIDIA 

H100, NVIDIA Infiniband NDR, 
2 073 600,00 561,20 846,84 66,27 - - 294 - -

4
Supercomputer Fugaku - 

Supercomputer Fugaku, A64FX 

48C 2.2GHz, Tofu interconnect D, 
7 630 848,00 442,01 537,21 29 899,00 82,28 1 2,91 68 1 3

5
LUMI - HPE Cray EX235a, AMD 

Optimized 3rd Generation EPYC 

64C 2GHz, AMD Instinct MI250X, 
2 752 704,00 379,70 531,51 7 107,00 71,44 4 0,84 12 - -

6
Alps - HPE Cray EX254n, NVIDIA 

Grace 72C 3.1GHz, NVIDIA GH200 

Superchip, Slingshot-11, HPE Swiss 
1 305 600,00 270,00 353,75 5 194,00 76,33 5 1,01 14 - -

7
Leonardo - BullSequana XH2000, 

Xeon Platinum 8358 32C 2.6GHz, 

NVIDIA A100 SXM4 64 GB, Quad-
1 824 768,00 241,20 306,31 7 494,00 78,74 6 0,99 28 - -

8
MareNostrum 5 ACC - 

BullSequana XH3000, Xeon 

Platinum 8460Y+ 32C 2.3GHz, 
663 040,00 175,30 249,44 4 159,00 70,28 12 0,45 15 8 -

9
Summit - IBM Power System 

AC922, IBM POWER9 22C 

3.07GHz, NVIDIA Volta GV100, 
2 414 592,00 148,60 200,79 10 096,00 74,01 7 1,42 72 - -

10
Eos NVIDIA DGX SuperPOD - 

NVIDIA DGX H100, Xeon Platinum 

8480C 56C 3.8GHz, NVIDIA H100, 

485 888,00 121,40 188,65 - 64,35 - - 311 - -

189
JEDI - BullSequana XH3000, Grace 

Hopper Superchip 72C 3GHz, 

NVIDIA GH200 Superchip, Quad-
19 584,00 4,50 5,13 67,00 87,72 94 1,15 1 - -

128
Isambard-AI phase 1 - HPE Cray 

EX254n, NVIDIA Grace 72C 

3.1GHz, NVIDIA GH200 Superchip, 

34 272,00 7,42 9,29 117,00 79,87 - - 2 - -

95
Earth Simulator -SX-Aurora 

TSUBASA - SX-Aurora TSUBASA 

B401-8, Vector Engine Type20B 
43 776,00 9,99 13,45 1 391,00 74,28 18 5,56 91 - -

61
AOBA-S - SX-Aurora TSUBASA 

C401-8, Vector Engine Type 30A 

16C 1.6GHz, Infiniband NDR200, 

64 512,00 17,22 19,82 1 389,00 86,88 13 5,49 193 - -

˾͔͚͙͎ͭͤ MLPerfΥ ͪ͊ͫ΄͙͔͙͔ͪͤ ͍ нлнп ͎ͦ͒ͯ ͤ͊͋ͦͪ͊ ML ͙  AI ͭ ͔͍ͫͭͦ ͎͒͊ͤͤͦͦ ͔͚͙͎ͪͭͤ͊ ͔ͣͦ͒͡Ύ͙ͣ  
Llama 2 (70 ͣ ͪ͒͡Φ ͨ ͔͍͊ͪ͊ͣͭͪͦύ ͙ Stable Diffusion XL (2.6 ͣ͡ ͪ͒Φ͔͍ͨ͊ͪ͊ͣͭͪͦΣ ͎͔͔ͤͪ͊ͼ͙Ύ ͙͔͙͚ͦ͋ͪ͊͗ͤ͘ύΦ 



̅ͦͪͣ͊ͭ· ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͍͔΅͔͍͔ͫͭͤͤ·ͻ ;͙͔ͫ͡ 
(͙͚ͦ͒͊ͤ͘͟Υ ͙͍͙͔ͨͪͦͦ͒ͭ͘͡ΈͤͦͫͭΈΣ ͦͣͨ͊ͭͤͦͫͭ͟͟Έύ 

IEEE half-precision 16-bit float 
ͤ͊͘͟ ͨͦͪΎ͒ͦ͟ όр ͙͋ͭύ ͙ͣ͊ͤͭͫͫ͊ όмл ͙͋ͭύ 

ͤ͊͘͟ ͨͦͪΎ͒ͦ͟ όу ͙͋ͭύ ͙ͣ͊ͤͭͫͫ͊ όно ͙͋ͭ͊ύ 

IEEE 754 single-precision 32-bit float 

ͤ͊͘͟ ͨͦͪΎ͒ͦ͟ όу ͙͋ͭύ ͙ͣ͊ͤͭͫͫ͊ όт ͙͋ͭύ 

bfloat16 

ͤ͊͘͟ ͨͦͪΎ͒ͦ͟ όу ͙͋ͭύ ͙ͣ͊ͤͭͫͫ͊ ό10 ͋ ͙ͭύ 

b±L5L!Ωǎ ¢ŜƴǎƻǊ Ŧƭƻŀǘ όмф ͙͋ͭύ 

8-bit float (1.4.3 minifloat) 
ͤ͊͘͟ ͨͦͪΎ͒ͦ͟ ͙ͣ͊ͤͭͫͫ͊ 

7    6               3    2          0 

̅ͦͪͣ͊ͭ· ͙ ͪ͊ͪ͘Ύ͒ͤͦͫͭΈ  
͍͔͔ͫͦͪͣͤͤ·ͻ ͦͣͨ͟ΈΌ͔͍ͭͪͦΥ 
- ͍ ͔΅͔͍͔ͫͭͤͤ·͔ ;͙ͫ͊͡Σ 
- ͼ͔͡·͔ ;͙ͫ͊͡Σ 
- 128/64/32/24/19/16/8/4 ͙͋ͭ 
 
 
˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ Fugaku: 
Int: 8,16,32,64 ͋ ͙ͭΤ  
Float: 16,32,64 ͋ ͙ ͭ



˽͔͙ͦͦͤ͟͡Ύ ͊ͪͻ͙͔ͭͭͯͪ͟ ͙ ͙͎ͨ͊ͪ͊͒ͣ· ͎͙͍͙ͨͪͦͪ͊ͣͣͪͦ͊ͤΎ 
(͙͚ͦ͒͊ͤ͘͟Υ ͔ͣͭͦ͒ ς ͨ ͎͙͍͙͔ͪͦͪ͊ͣͣͪͦ͊ͤ ς ͊ ͪͻ͙͔ͭͭͯͪ͊͟ύ 

˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ Cray-1 

ˤ͔ͭͦͪͤͦ͟-͍͔͚͔ͦͤͪͤ͟·͔ ͦͣͨ͟ΈΌ͔ͭͪ· 
 
˿͔͔͙ͪ͒ͤ͊ тл-ͻ ͎͍ͦ͒ͦΦ 
 
˻͔͙ͫͦ͋ͤͤͦͫͭ ͊ͪͻ͙͔ͭͭͯͪ͟·Υ ͍͔ͭͦͪͤ͟·͔ 
ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͚͍ͯͫͭͪͦͫͭ͊Σ ͊͘ͼ͔͔͙͔ͨͤ͡ 
ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͚͍ͯͫͭͪͦͫͭΣ ͍͔ͭͦͪͤ͟·͔ 
ͦͣ͊ͤ͒͟· ͍ ͙͔͔ͫͫͭͣ ͦͣ͊ͤ͒͟Σ ͍͔ͭͦͪͤ͟·͔ 
͔͎͙ͪͫͭͪ·Φ   
 
˽͎͙͍͙͔ͪͦͪ͊ͣͣͪͦ͊ͤΥ ͍͔͙ͭͦͪ͊͘͟ͼ͙Ύ ͫ͊ͣ·ͻ 
͍͔͙ͤͯͭͪͤͤͻ ͼ͙͍ͦ͟͡Φ 



˽͔͙ͦͦͤ͟͡Ύ ͊ͪͻ͙͔ͭͭͯͪ͟ ͙ ͙͎ͨ͊ͪ͊͒ͣ· ͎͙͍͙ͨͪͦͪ͊ͣͣͪͦ͊ͤΎ 
(͙͚ͦ͒͊ͤ͘͟Υ ͔ͣͭͦ͒ ς ͨ ͎͙͍͙͔ͪͦͪ͊ͣͣͪͦ͊ͤ ς ͊ ͪͻ͙͔ͭͭͯͪ͊͟ύ 

˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ Cray X-MP 

ˤ͔ͭͦͪͤͦ͟-͔ͨ͊ͪ͊͡͡͡Έͤ·͔ ͦͣͨ͟ΈΌ͔ͭͪ· 
 
˹͊;͊ͦ͡ ул-ͻ ͎͍ͦ͒ͦΦ 
 
˻͔͙ͫͦ͋ͤͤͦͫͭ ͊ͪͻ͙͔ͭͭͯͪ͟·Υ ͍͔ͭͦͪͤ͟·͔ 
ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·͔ ͚͍ͯͫͭͪͦͫͭ͊Σ ͊͘ͼ͔͔͙͔ͨͤ͡ 
ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͚͍ͯͫͭͪͦͫͭΣ ͍͔ͭͦͪͤ͟·͔ 
ͦͣ͊ͤ͒͟· ͍ ͙͔͔ͫͫͭͣ ͦͣ͊ͤ͒͟Σ ͍͔ͭͦͪͤ͟·͔ 
͔͎͙ͪͫͭͪ·Φ  
˹͔͋ͦ͡Έ΄͔ͦ ;͙ͫͦ͡ ͨͪͦͼ͔͍ͫͫͦͪͦ ͦ͋Ά͔͙͒ͤΎΌͭͫΎ 
ͤ͊͒ ͦ͋΅͔͚ ͨ͊ͣΎͭΈΌΦ  
 
˽͎͙͍͙͔ͪͦͪ͊ͣͣͪͦ͊ͤΥ ͍͔͙ͭͦͪ͊͘͟ͼ͙Ύ ͫ͊ͣ·ͻ 
͍͔͙ͤͯͭͪͤͤͻ ͼ͙͍ͦ͟͡ ͙ ͔͙͍͙͔ͪ͊ͫͨ͊ͪ͊͊ͤ͡͡͡ ͤ͊ 
͍͔ͤ΄͔ͤͣ ͍͔ͯͪͦͤΣ ͔͙͔͒ͤͦ ͔͔͊͒ͪͫͤͦ 
͍ͨͪͦͫͭͪ͊ͤͫͭͦΣ ͦ͊͟͡͡Έͤ·͔ ͙ ͎ͦ͋͊͡͡Έͤ·͔ 
͔͔͔ͨͪͣͤͤ·͔Φ 

˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ Cray Y-MP 



˽͔͙ͦͦͤ͟͡Ύ ͊ͪͻ͙͔ͭͭͯͪ͟ ͙ ͙͎ͨ͊ͪ͊͒ͣ· ͎͙͍͙ͨͪͦͪ͊ͣͣͪͦ͊ͤΎ 
(͙͚ͦ͒͊ͤ͘͟Υ ͔ͣͭͦ͒ ς ͨ ͎͙͍͙͔ͪͦͪ͊ͣͣͪͦ͊ͤ ς ͊ ͪͻ͙͔ͭͭͯͪ͊͟ύ 

˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ Intel Paragon XPS140 

˸͙͍͊ͫͫͤͦ-͔ͨ͊ͪ͊͡͡͡Έͤ·͔ ͦͣͨ͟ΈΌ͔ͭͪ· 
 
˹͊;͊ͦ͡ фл-ͻ ͎͍ͦ͒ͦΦ 
 
˻͔͙ͫͦ͋ͤͤͦͫͭ ͊ͪͻ͙͔ͭͭͯͪ͟·Υ ͭ·ͫΎ;͙ 
ͨͪͦͼ͔͍ͫͫͦͪͦ ͦ͋Ά͔͙͒ͤΎΌͭͫΎ ͫ ͨͦͣͦ΅ΈΌ 
͙ͦͣͣͯͤ͊͟͟ͼ͙͚ͦͤͤͦ ͔͙ͫͭ ͨͦ ͔͚ͤͦͭͦͪͦ͟ 
͎͙͙ͭͦͨͦͦ͡Σ ͔͔͔ͪ͊ͫͨͪ͒ͤͤ͊͡Ύ ͨ͊ͣΎͭΈΦ  
 
˽͎͙͍͙͔ͪͦͪ͊ͣͣͪͦ͊ͤΥ ͔ͦ͋ͣͤ ͫͦͦ͋΅͔͙ͤΎ͙ͣΣ 
͍͙͔ͦͭͫͯͭͫͭ ͔͙͎͒ͤͦͦ ͔͎͊͒ͪͫͤͦͦ ͍ͨͪͦͫͭͪ͊ͤͫͭ͊Σ  
PVM, Message Passing Interface. 
˹͔ͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍·͔͔͙͒ͤ͡Ύ ͍͎ͣ͊ͫͫͦͦͦ 
͔͙ͨ͊ͪ͊ͣ͊͘͡͡͡Σ Ύ͍͎ͤͦͦ ͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ύ ͒͊ͤͤ·ͻ ͙ 
͎͍͙ͫͦ͊ͫͦ͊ͤ͡Ύ ͔͙ͨ͊ͪ͊ͣ͊͘͡͡͡ ͫ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤͣ͡Φ 

˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ Cray T3D 



˽͔͙ͦͦͤ͟͡Ύ ͊ͪͻ͙͔ͭͭͯͪ͟ ͙ ͙͎ͨ͊ͪ͊͒ͣ· ͎͙͍͙ͨͪͦͪ͊ͣͣͪͦ͊ͤΎ 
(͙͚ͦ͒͊ͤ͘͟Υ ͔ͣͭͦ͒ ς ͨ ͎͙͍͙͔ͪͦͪ͊ͣͣͪͦ͊ͤ ς ͊ ͪͻ͙͔ͭͭͯͪ͊͟ύ 

DEC AlphaServer 

˽͔͊ͪ͊͡͡͡Έͤ·͔ ͦͣͨ͟ΈΌ͔ͭͪ· ͫ ͦ͋΅͔͚ 
ͨ͊ͣΎͭΈΌ 
 
˿͔͔͙ͪ͒ͤ͊ фл-ͻ ͎͍ͦ͒ͦΦ 
 
˻͔͙ͫͦ͋ͤͤͦͫͭ ͊ͪͻ͙͔ͭͭͯͪ͟·Υ ͙ͫͦͭͤ ͨͪͦͼ͔͍ͫͫͦͪͦ 
ͦ͋Ά͔͙͒ͤΎΌͭͫΎ ͤ͊͒ ͦ͋΅͔͚ ͨ͊ͣΎͭΈΌΦ  
 
˽͎͙͍͙͔ͪͦͪ͊ͣͣͪͦ͊ͤΥ ͔͙͔͒ͤͦ ͔͔͊͒ͪͫͤͦ 
͍ͨͪͦͫͭͪ͊ͤͫͭͦΣ ͦ͊͟͡͡Έͤ·͔ ͙ ͎ͦ͋͊͡͡Έͤ·͔ 
͔͔͔ͨͪͣͤͤ·͔, Linda, OpenMP. 

˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ Sun StarFire 



˽͔͙ͦͦͤ͟͡Ύ ͊ͪͻ͙͔ͭͭͯͪ͟ ͙ ͙͎ͨ͊ͪ͊͒ͣ· ͎͙͍͙ͨͪͦͪ͊ͣͣͪͦ͊ͤΎ 
(͙͚ͦ͒͊ͤ͘͟Υ ͔ͣͭͦ͒ ς ͨ ͎͙͍͙͔ͪͦͪ͊ͣͣͪͦ͊ͤ ς ͊ ͪͻ͙͔ͭͭͯͪ͊͟ύ 

˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ ˸˥̂ ά̉ ͔͋·΄͔͍έ 

˴͔͊ͫͭͪ͡· ͙͘ ͍ͯͦ͘͡ ͫ ͦ͋΅͔͚ ͨ͊ͣΎͭΈΌ 
 
˹͊;͊ͦ͡ нллл-ͻΦ 
 
˻͔͙ͫͦ͋ͤͤͦͫͭ ͊ͪͻ͙͔ͭͭͯͪ͟·Υ ͋ͦ͡Έ΄͔ͦ ;͙ͫͦ͡ 
͎ͣͤͦͦͨͪͦͼ͔ͫͫͦͪͤ·ͻ ͍ͯͦ͘͡ ͦ͋Ά͔͙͒ͤΎΌͭͫΎ 
͍͔͔ͣͫͭ ͫ ͨͦͣͦ΅ΈΌ ͙ͦͣͣͯͤ͊͟͟ͼ͙͚ͦͤͤͦ ͔͙ͫͭ ͨͦ 
͔͚ͤͦͭͦͪͦ͟ ͎͙͙ͭͦͨͦͦ͡Σ ͔͔͔ͪ͊ͫͨͪ͒ͤͤ͊͡Ύ ͨ͊ͣΎͭΈΤ 
͍ ͪ͊ͣ͊͟ͻ ͎͊͗͒ͦͦ͟ ͯ͊͘͡ ͔ͤͫͦ͟͡Έͦ͟ 
ό͎ͣͤͦͦΎ͔͒ͪͤ·ͻύ ͨͪͦͼ͔͍ͫͫͦͪͦ ͦ͋Ά͔͙͒ͤΎΌͭͫΎ 
ͤ͊͒ ͦ͋΅͔͚ ͨ͊ͣΎͭΈΌΦ  
 
˽͎͙͍͙͔ͪͦͪ͊ͣͣͪͦ͊ͤΥ ͔ͤͦ͒ͤͦͪͦ͒ͤ͊Ύ ͫͻ͔ͣ͊ 
MPI+OpenMP; 
͔ͤͦ͋ͻ͙ͦ͒ͣͦͫͭΈ ͍·͔͔͙͒ͤ͡Ύ ͍͎ͣ͊ͫͫͦͦͦ 
͔͙ͨ͊ͪ͊ͣ͊͘͡͡͡Σ Ύ͍͔ͤͦ ͔͔͔͙͔ͪ͊ͫͨͪ͒ͤ͡ ͒͊ͤͤ·ͻΣ 
͔ͦ͋ͣͤ ͫͦͦ͋΅͔͙ͤΎ͙ͣ ͤ͊ ͍͔ͤ΄͔ͤͣ ͍͔ͯͪͦͤΤ 
͔͙͍͙͔ͪ͊ͫͨ͊ͪ͊͊ͤ͡͡͡ ͍ ͔͙͒ͤͦͣ ͔͊͒ͪͫͤͦͣ 
͍͔ͨͪͦͫͭͪ͊ͤͫͭΣ ͦ͊͟͡͡Έͤ·͔ ͙ ͎ͦ͋͊͡͡Έͤ·͔ 
͔͔͔ͨͪͣͤͤ·͔ ͤ͊ ͍͔ͯͪͦͤ ͯ͊͘͡ ͫ ͦ͋΅͔͚ ͨ͊ͣΎͭΈΌΦ 

άYέ ͔ͫͯͨͪͦͣͨ͟ΈΌ͔ͭͪ 



˽͔͙ͦͦͤ͟͡Ύ ͊ͪͻ͙͔ͭͭͯͪ͟ ͙ ͙͎ͨ͊ͪ͊͒ͣ· ͎͙͍͙ͨͪͦͪ͊ͣͣͪͦ͊ͤΎ 
(͙͚ͦ͒͊ͤ͘͟Υ ͔ͣͭͦ͒ ς ͨ ͎͙͍͙͔ͪͦͪ͊ͣͣͪͦ͊ͤ ς ͊ ͪͻ͙͔ͭͭͯͪ͊͟ύ 

˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ ˸˥̂ ά˶ ͍ͦͣͦͤͦͫͦέ 

˴͔͊ͫͭͪ͡· ͙͘ ͍ͯͦ͘͡ ͫ ͦ͋΅͔͚ ͨ͊ͣΎͭΈΌ ͫ 
͙͔ͯͫͦͪͭ͟͡Ύ͙ͣ 
 
˿ ͦͤ͟ͼ͊ нллл-ͻ ͒ͦ ͤ͊ͫͭͦΎ΅͔͎ͦ ͍͔͔͙ͪͣͤΦ 
 
˻͔͙ͫͦ͋ͤͤͦͫͭ ͊ͪͻ͙͔ͭͭͯͪ͟·Υ ͋ͦ͡Έ΄͔ͦ ;͙ͫͦ͡ 
͎ͣͤͦͦͨͪͦͼ͔ͫͫͦͪͤ·ͻ ͍ͯͦ͘͡ ͦ͋Ά͔͙͒ͤΎΌͭͫΎ 
͍͔͔ͣͫͭ ͫ ͨͦͣͦ΅ΈΌ ͙ͦͣͣͯͤ͊͟͟ͼ͙͚ͦͤͤͦ ͔͙ͫͭ ͨͦ 
͔͚ͤͦͭͦͪͦ͟ ͎͙͙ͭͦͨͦͦ͡Σ ͔͔͔ͪ͊ͫͨͪ͒ͤͤ͊͡Ύ ͨ͊ͣΎͭΈΤ 
͍ ͪ͊ͣ͊͟ͻ ͎͊͗͒ͦͦ͟ ͯ͊͘͡ ͔ͤͫͦ͟͡Έͦ͟ 
ό͎ͣͤͦͦΎ͔͒ͪͤ·ͻύ ͨͪͦͼ͔͍ͫͫͦͪͦ ͦ͋Ά͔͙͒ͤΎΌͭͫΎ 
ͤ͊͒ ͦ͋΅͔͚ ͨ͊ͣΎͭΈΌΤ ͤ͊ ͊͗͒ͦͣ͟ ͔ͯ͘͡ ͔ͤͫͦ͟͡Έͦ͟ 
͙͔͔͚ͯͫͦͪͭ͟͡ όGPU, Phi).  
 
˽͎͙͍͙͔ͪͦͪ͊ͣͣͪͦ͊ͤ: 
MPI+OpenMP+OpenCL/CUDA; AMD ROCm/HIP 
 

˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ Tianhe-2 



EuroHPC JU ς ͨ ͎ͪͦͪ͊ͣͣ͊ ͍͙͙ͪ͊ͭ͘Ύ  
͔ͫͯͨͪͦͣͨ͟ΈΌ͔͚ͭͪͤͦ ͙ͤͺͪ͊ͫͭͪͯͭͯͪ͟· ͍ ˩͍͔ͪͦͨ 

(https://eurohpc-ju.europa.eu/) 

˹͍͙͔͊͊ͤ͘ 
ͦͣͨ͟ΈΌ͔ͭͪ͊ 

˿ͭͪ͊ͤ͊ ˽͍ͦͫͭ͊΅͙͟ 
Rpeak  

(Pflops) 
Rmax  

(Pflops) 

Top500  
(͚ͣ͊-
2024) 

˸͔ͫͭͦ ͍ 
˩͍͔ͪͦͨ 

ˤ·;͙͙͔ͫͭ͡͡Έͤ·͔ ͔ͪ͊͒͘͡· ˾͔͊͒͘͡· ˿̆˨ 

Lumi Finland HPE 539,0 386,0 5 1 GPU-pertition (AMD Instinct GPU) 
CPU-partition (AMD EPYC CPU) 
Data analytics partition 
Container cloud partition 

7PB ultra-fast flash storage 
80PB traditional storage 

Leonardo Italy Atos 315,0 249,0 7 2 GPU-pertition (NVIDIA Ampere) 
CPU-partition (Intel Sapphire Rapids) 
 

5PB flash/NVMe 
100PB traditional storage 

MareNostrum 5 Spain Bull/Lenovo 295,0 215,0 8 3 General Purpose (Intel Sapphire Rapids 
Accelerated partition (NVIDIA Hopper) 

248PB SSD/flash/HD 
402PB tape storage 

Meluxina Luxembour
g 

Atos 18,3 12,8 89 22 GPU-pertition (NVIDIA Ampere A100) 
CPU-partition (AMD EPYC) 
Accelerator - FPGA 

20PB flash storage 
Tape storage 

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) 
Cluster (Rhea - EPI project, ARM-based) 

21PB low-latency flash storage 
29PB NVMe storage 
300PB traditional storage 
700PB tape storage 



˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ Jupiter, Germany, Julich 

Jupiter ς ͨ ͔͍ͪ·͚ ͔ͫͯͨͪͦͣͨ͟ΈΌ͔ͭͪ ͊ͫͫ͊͟͡ Exascale ͍  ˩͍͔ͪͦͨ. ˽ ͎ͪͦͪ͊ͣͣ͊ EuroHPC JU.  
˿͙ͭͦͣͦͫͭΈ ς 500 ͣ ͤ͡Φ͔͍ͪͦΣ ͍͟͡Ό;͊Ύ ͪ͊ͫͻͦ͒· ͤ͊ ͙͔͔͙͔ͨͪͦ͋ͪͭͤ ͙ Ήͫͨͯ͊ͭ͊͟͡ͼ͙ΌΦ 
 
Jupiter, ͒ ͍͔ ͍ͦͫͤͦͤ·͔ ;͙͊ͫͭΥ Booster ͙  Cluster. 
Booster: 6000 ͍ ·;Φ͍ͯͦ͘͡, 1 Eflops (fp64, HPL), 70+ Eflops (8-bits),  
     ʕ ·;Φ͔ͯ͘͡ ς 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 ͍ ·;Φ͍ͯͦ͘͡, 5 Pflops (fp64, HPL), 
     ʕ ·;Φ͔ͯ͘͡ ς 2 * (CPU Rheal, 80 ARM cores), 2*64GB HBM+512GB DDR5; InfiniBand NDR (200 Gbit/s) 
Interconnect: InfiniBand NDR (200 Gbit/s), DragonFly+ groups (FatTree inside each group) for Booster, 
Cluster, storage, administrative infrastructure. 

Booster: ͫ ͭͪͯͭͯͪ͊͟ ͍·;͙͙͔ͫͭ͡͡Έ͎ͤͦͦ ͯ͊͘͡ 



NVIDIA Grace Hopper Superchip 
(co-design is not simple) 

G. Schieffer, J. Wahlgren, J. Ren, J. FajΣ LΦ tŜƴƎΣ άIŀǊƴŜǎǎƛƴƎ LƴǘŜƎǊŀǘŜŘ /t¦-Dt¦ {ȅǎǘŜƳ aŜƳƻǊȅ ŦƻǊ It/Υ ŀ ŦƛǊǎǘ ƭƻƻƪ ƛƴǘƻ DǊŀŎŜ IƻǇǇŜǊέΣ  
arXiv:2407.07850. 

ÅUsing the STREAM benchmark, the researchers achieved 3.4 TB/s H100 of HBM3 memory 

bandwidth, short of Nvidiaôs theoretical claim of 4 TB/s. 

ÅNvidia claims LPDDR5X bandwidth speeds of 500 GB/s, and the researchers measured real-world 

performance of 486 GB/s. 

ÅThe NVLink-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. 



͙͍́ͨͦ·͔ ͎͙͙͊ͦͪͭͣ͡;͔͙͔ͫ͟ ͫͭͪͯͭͯͪ͟· 

˻͎ͪͦͣͤ·͚ ͔ͪͫͯͪͫ ͔͙ͨ͊ͪ͊ͣ͊͘͡͡͡ 

˿͍͚͍ͦͫͭ͊ ͔ͣͭͦ͒͊ ͙ ͎͙͊ͦͪͭͣ͊͡ ς Ή͔͔ͣͤͭ͡ ͙͚ͦ͒͊ͤ͊͘͟ 
όˮͤͺͦͪͣ͊ͼ͙ͦͤͤ͊Ύ ͫͭͪͯͭͯͪ͊͟ ς Ή͔͔ͣͤͭ͡ ͙͙ͦͨͫ͊ͤΎ ͎͙͊ͦͪͭͣ͊͡ύ 



1. ˻ ͋΅͔͔ ͙͙͔ͦͨͫ͊ͤ ͎͙͊ͦͪͭͣ͊͡ 
2. ˸ ͔͙͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͙͙͔ͦͨͫ͊ͤ ͎͙͊ͦͪͭͣ͊͡ 
3. ʕ ·;͙͙͔ͫͭ͡͡Έ͔ͤͦ Ύ͒ͪͦ ͎͙͊ͦͪͭͣ͊͡ 
 ό͔ͦͨͪ͊ͼ͙ΎΣ ͺͦͪͣ͊ͭ· ͒͊ͤͤ·ͻΣ ͫͭͪͯͭͯͪ͟· ͒͊ͤͤ·ͻύ 

4. ˸ ͊ͪͦͫͭͪͯͭͯͪ͊͟͟ ͎͙͊ͦͪͭͣ͊͡ 
 (͔ͣ͊ͪͦͦͨͪ͊͟ͼ͙͙Σ ͙͍ͭͨͦ·͔ ͍·;͙͙͔ͫͭ͡͡Έͤ·͔ ͫͭͪͯͭͯͪ͟·ύ 

5. ˿ ͻ͔ͣ͊ ͔͙ͪ͊͊͘͡ͼ͙͙ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͎ͤͦͦ ͎͙͊ͦͪͭͣ͊͡ 
6. ˽ ͔͍͔ͦͫ͒ͦ͊ͭ͡͡Έͤ͊Ύ ͫͦ͗ͤͦͫͭ͡Έ ͎͙͊ͦͪͭͣ͊͡ 
 ό͙͊ͪͺ͔͙ͣͭ;͔͙͔ͫ͟ ͔ͦͨͪ͊ͼ͙͙Σ ͔ͦͨͪ͊ͼ͙͙ ;͔͙ͭͤΎ/͙͙͊ͨͫ͘ύ 

7. ˮ ͤͺͦͪͣ͊ͼ͙ͦͤͤ·͚ ͎ͪ͊ͺ ͎͙͊ͦͪͭͣ͊͡ 
8. ˾ ͔ͫͯͪͫ ͔͙ͨ͊ͪ͊ͣ͊͘͡͡͡ ͎͙͊ͦͪͭͣ͊͡ 
 ό͔ͨ͊ͪ͊͡͡͡Έͤ͊Ύ ͫͦ͗ͤͦͫͭ͡Έ ͎͙͊ͦͪͭͣ͊͡Σ ͙͔ͣΌ΅͙͚ͫΎ ͔͙ͨ͊ͪ͊ͣ͘͡͡͡ύ 

9. ʕ ͻͦ͒ͤ·͔ ͙ ͍·ͻͦ͒ͤ·͔ ͒͊ͤͤ·͔ ͎͙͊ͦͪͭͣ͊͡ 
10. ˿ ͍͚͍ͦͫͭ͊ ͎͙͊ͦͪͭͣ͊͡ 
 ό͍·;͙͙͔ͫͭ͡͡Έͤ͊Ύ ͣͦ΅ͤͦͫͭΈΣ ͚ͯͫͭͦ;͙͍ͦͫͭΈΣ ͔͔͙͙͍͒ͭͪͣͤͪͦ͊ͤͤͦͫͭΈΣ ͙͍ͫ͋͊͊ͤͫͪͦ͊ͤͤͦͫͭ͡ΈΧύ 

11. ˶ ͦ͊͟͡ΈͤͦͫͭΈ ͒͊ͤͤ·ͻΣ ͦ͊͟͡͡ΈͤͦͫͭΈ ͍·;͙͔͙͚ͫͤ͡ 
12. ʕ ͦͣͦ͗ͤ͘·͔ ͫͨͦͫͦ͋· ͙ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͔ͨ͊ͪ͊͡͡͡Έ͚ͤͦ ͔͙ͪ͊͊͘͡ͼ͙͙ ͎͙͊ͦͪͭͣ͊͡ 
 (features, properties, programming technologiesΧύ 

13. ʕ ͦͣͦ͗ͤ͘·͔ ͔ͨͪͨΎ͍͙ͭͫͭΎ ͒͡Ύ ͣ͊ͫ΄͙͔͙ͭ͊͋ͪͯͣͦͫͭ ͎͙͊ͦͪͭͣ͊͡ 
 ό͎͙ͦͪ͊ͤ;͔ͤͤ·͚ ͔ͪͫͯͪͫ ͔͙ͨ͊ͪ͊ͣ͊͘͡͡͡Σ ͙͒ͫ͋͊͊ͤͫ͡ ͍·;͙͔͙͚ͫͤ͡Σ ͙ͫͤͻ͙ͪͦͤ͊͘ͼ͙ΎΧύ 

мпΦ ˤͦͣͦ͗ͤ͘·͔ ͔͙ͦͫͦ͋ͤͤͦͫͭ ͙͙͒ͤ͊ͣ;͔͙ͫ͟ͻ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͟͟ ͍ ͔͙ͪ͊͊͘͡ͼ͙͙ ͎͙͊ͦͪͭͣ͊͡ 
мрΦ ˿ͯ΅͔͍ͫͭͯΌ΅͙͔ ͔͙ͪ͊͊͘͡ͼ͙͙ ͎͙͊ͦͪͭͣ͊͡ 
 

Χ͙ ͎͙͔͒ͪͯ ͍·͍ͦ͒·Σ 
ͦͭͪ͊͗͊Ό΅͙͔ ͍͙͍͊ͣͦͫ͘Ύ͘Έ 
ͫͭͪͯͭͯͪ͟· ͙ ͍͚͍ͫͦͫͭ 

͎͙͍͊ͦͪͭͣͦ͡ ͙ ͊ͪͻ͙͔ͭͭͯͪ͟· 
ͦͣͨ͟ΈΌ͔͍ͭͪͦΧ 

ˮͤͺͦͪͣ͊ͼ͙ͦͤͤ͊Ύ 
ͫͭͪͯͭͯͪ͊͟ ͎͙͊ͦͪͭͣ͊͡ 
͔͔ͦͨͪ͒͡Ύ͔ͭ 

͙ͦͣͣͯͤ͊͟͟ͼ͙ͦͤͤ·͚ 
ͨͪͦͺ͙͡Έ ͙͔͙ͨͪͦ͗ͤ͡Ύ.  
˽ͪͦͺ͙͡Έ ͔͒ͦ͗ͤ͡ 

͍͔͍͍ͫͦͦͭͭͫͭͦ͊ͭΈ ͎͙͙ͭͦͨͦͦ͡ 
͔͙ͫͭ. 

˩͙ͫ͡ ͍·;͙͙͔ͫͭ͡͡Έ͔ͤͦ Ύ͒ͪͦ 
data-intensive, ͭ ͦ͋ ͦ͡Έ΄͔ͦ 
;͙ͫͦ͡ ͍͊ͤ͊ͦ͟͡ ͒ͦͫͭͯͨ͊ ͍ 
ͨ͊ͣΎͭΈ ͔ͣͦ͗ͭ ͦ͊͊ͭ͘͟ΈͫΎ 
͔͔͋ͦ͡ ͍͊͗ͤ·ͣΣ ;͔ͣ ;͙ͫͦ͡ 
͍·;͙͙͔ͫͭ͡͡Έͤ·ͻ Ύ͔͒ͪ. 

ˤ·ͫͦ͊͟Ύ ͍·;͙͙͔ͫͭ͡͡Έͤ͊Ύ 
ͣͦ΅ͤͦͫͭΈ Ύ͍͡Ύ͔ͭͫΎ 
͔ͤͦ͋ͻ͙ͦ͒ͣ·ͣΣ ͤͦ ͔ͤ 

͒ͦͫͭ͊ͭͦ;ͤ·ͣ ͯ ͍͙͔ͫͦͣ͡ ͒͡Ύ 
͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ GPU. 

ˣͦ͡Έ΄͔ͦ ;͙ͫͦ͡ ͙ ͍·ͫͦ͊͟Ύ 
͙͔͙͍ͤͭͤͫͤͦͫͭΈ ͫ ͦͦ͋΅͔͙͚ͤ 
͔ͤ͋ͦ͡Έ΄͎ͦͦ ͔ͪ͊ͣͪ͊͘ 

͔ͭͪ͋ͯΌͭ 
͙ͦͣͣͯͤ͊͟͟ͼ͙ͦͤͤͯΌ ͔ͫͭΈ ͫ 
͙͚ͤͦ͘͟ ͔͊ͭͤͭͤͦͫͭ͡ΈΌ. 

ˢ͎͙ͦͪͭͣ͡ ͙͔ͦͨͪ͊ͭͫΎ ͤ͊ 
͙͙͒ͤ͊ͣ;͔͙͔ͫ͟ ͫͭͪͯͭͯͪ͟· 
͒͊ͤͤ·ͻΣ ͙  Ή͙ͭ ͫͭͪͯͭͯͪ͟· 
͒ͦ͗ͤ͡· ͋·ͭΈ ͒ͦͫͭͯͨͤ· 
͍͔ͫͣ ͔ͨ͊ͪ͊͡͡͡Έͤ·ͣ 
ͨͪͦͼ͔ͫͫ͊ͣΣ ͨ ͦΉͭͦͣͯ 
͔ͤͦ͋ͻ͙ͦ͒ͣ͊ SMP 
͊ͪͻ͙͔ͭͭͯͪ͊͟. 

˩͙ͫ͡ ͦ͊͟͡͡ΈͤͦͫͭΈ ͒͊ͤͤ·ͻ 
͙ͤ͊͘͟ΎΣ ͭ  ͦͫ ͭͪͯͭͯͪ͊͟ ͟Ή΄-
ͨ͊ͣΎ͙ͭ ͤ ͔ ͭ͊͟ ͍͊͗ͤ͊ ͊͟͟ 
͙ͤ͊͘͟Ύ ͔͊ͭͤͭͤͦͫͭ͡Έ 
͔͙͍͚ͦͨͪ͊ͭͤͦ ͨ͊ͣΎ͙ͭ. 

ˣͦ͡Έ΄͚ͦ ͔ͪͫͯͪͫ SIMD-
͔ͦͨͪ͊ͼ͙͚ Ύ͍͡Ύ͔ͭͫΎ 
͔ͤͦ͋ͻ͙ͦ͒ͣ·ͣΣ ͤͦ ͔ͤ 

͒ͦͫͭ͊ͭͦ;ͤ·ͣ ͍͙͔ͯͫͦͣ͡ ͒͡Ύ 
͙ͫͨͦ͡Έ͍͙ͦ͊ͤ͘Ύ GPU. 

˻;͔ͤΈ ͙͔͙͍ͤͭͤͫͤ·͚ ͔ͦ͋ͣͤ 
͒͊ͤͤ·͙ͣ ͣ ͔͗͒ͯ 

ͨͪͦͼ͔͙ͫͫ͊ͣ ;͊ͫͭͦ ͦͤ͊͘;͔͊ͭ 
͔͍ͣͤͦ͗ͫͭͦ ͍ͨͦͪͭͦ ͤ͊ 
͍·;͙͙͔ͫͭ͡͡Έͤͦͣ ͔ͯ͘͡. 

˻ͭ ͍͚͍ͫͦͫͭ ͎͙͍͊ͦͪͭͣͦ͡ ͟ ͊ͪͻ͙͔͔ͭͭͯͪ͟ ͦͣͨ͟ΈΌ͔͍ͭͪͦ 
(˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪͤ·͚ ͙͚ͦ͒͊ͤ͘͟Υ ͔͙͍͙͔ͨͪͦͭͪͦ͊ͤ͟ ͍·;͙͙͔ͫͭ͡͡Έͤ·ͻ ͙͔ͫͫͭͣ) 



ˮ ͣ·Σ ͔͍͋ͯͫͦͤͦ͘͡Σ ͒ͦ͗ͤ͡· ͒ͯͣ͊ͭΈ ͦ ͍͙ͨͪ͊͡Έͤͦͣ ͔ͨͦ͒͋ͦͪ ͊ͪͻ͙͔ͭͭͯͪ͟·Χ 

˽˶ˮ˿ 

Multicore 
GPU 

ˤ͔ͭͦͪͤ͟·͔ 

Manycore 
˻͋͊͊͟͡ ˴͔͊ͫͭͪ͡· 

˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ· 

˿͔ͨͼͨͪͦͼ͔ͫͫͦͪ· 

˥͙͙͋ͪ͒ͤ·͔ 

ˢ ͔ͣͤΎΌͭͫΎ ͙͡ ͎͙͊ͦͪͭͣ͡· ͙ͨͪ ͙͔͔͙͙ͣͤͤ͘ ͊ͪͻ͙͔ͭͭͯͪ͟·ΚΧ 

˶͊ͤ͒΄͊ͺͭ ͒ͦͫͭͯͨͤ·ͻ ͦͣͨ͟ΈΌ͔ͭͪͤ·ͻ ͊ͪͻ͙͔ͭͭͯͪ͟ 
(˹͊ͫͦ͟͡Έͦ͟ ͔ͪ͊ͤͦͦ͋ͪ͊ͤ͘͘ ͦͣͨ͟ΈΌ͔ͭͪͤ·͚ ͙ͣͪ ͔͎ͫͦ͒ͤΎ?) 



˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ Anton ς ͊ ͨͦͺ͔ͦ͘ ͙͚ͦ͒͊ͤ͊͘͟  
͒͡Ύ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙͙͙͒ͤ͊ͣ͟ 

(D.E. Shaw Research company) 

˸͔ͦͯ͟͡͡Ύͪͤ͊Ύ ͙͙͒ͤ͊ͣ͊͟ ͤ͊ ͪ͊ͤ͘·ͻ ͨ͊ͭ͡ͺͦͪͣ͊ͻΦ  ˾͍͙͙͔͊ͭ͘ ͨͪͦͼ͔͍ͫͫͦͪͦ ͔͔͚͍ͫͣͫͭ͊ Anton.  



˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ Anton ς ͊ ͨͦͺ͔ͦ͘ ͙͚ͦ͒͊ͤ͊͘͟  
͒͡Ύ ͔͙͍͙ͣͦ͒ͪͦ͊ͤ͡Ύ ͔ͣͦͯ͟͡͡Ύ͚ͪͤͦ ͙͙͙͒ͤ͊ͣ͟ 

(D.E. Shaw Research company) 

Hot Chips /ƻƴŦŜǊŜƴŎŜ нлнмΧ 
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 ResearchΣ ǎŀƛŘΣ άL Ŏŀƴ ǘŜƭƭ ȅƻǳ ǘƘŀǘ ǘƘŜ ƘŀǊŘǿŀǊŜ ƛǎ ǇƘȅǎƛŎŀƭƭȅ 
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...  
 
άCƻǊ ǘƘŜ ƻǘƘŜǊ ŀǇǇƭƛŎŀǘƛƻƴǎΣ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ƳŀǘŜǊƛŀƭ ǎŎƛŜƴŎŜΣ ƛǘΩǎ ǇƻǎǎƛōƭŜ ǘƘŜǊŜ ŀǊŜ 
ŀǇǇƭƛŎŀǘƛƻƴǎ ǘƘŀǘ ǿƻǳƭŘ ōŜƴŜŦƛǘ ŦǊƻƳ !ƴǘƻƴΦ ²ŜΩǾŜ ƭƻƻƪŜŘ ŀǘ ǘƘƛǎ ǎƻƳŜǿƘŀǘ ǿƛǘƘƛƴ D.E. 
Shaw ResearchΣ ōǳǘ ƴƻǘ ŀ ǿƘƻƭŜ ƭƻǘΦ [ƛƪŜ L ǎŀƛŘ ōŜŦƻǊŜΣ ȅƻǳ ƪƴƻǿΣ ǿŜΩǊŜ ƴƻǘ ŀ ŎƻƳǇǳǘŜǊ 
ŎƻƳǇŀƴȅΣ ƻǳǊ ŦƻŎǳǎ ƛǎ ƻƴ ŎǳǊƛƴƎ ŘƛǎŜŀǎŜǎ ŀƴŘ ŜŀǎƛƴƎ ƘǳƳŀƴ ƳƛǎŜǊȅ ŀƴŘ ǿŜ Ƨǳǎǘ ŘƻƴΩǘ 
ǎǇŜƴŘ ŀ ƭƻǘ ƻŦ ǘƛƳŜ ǿƻǊƪƛƴƎ ƻƴ ǘƘƛƴƎǎ ƻǳǘǎƛŘŜ ƻŦ ǘƘŀǘ ǎŎƻǇŜΦέ 



˾͍͙͙͔͊ͭ͘ ͊ͪͻ͙͔ͭͭͯͪ͟ ͍·;͙͙͔ͫͭ͡͡Έͤ·ͻ ͙͔ͫͫͭͣ 
͒͡Ύ Ήͺͺ͔͙͍͎ͭͤͦͦ͟ ͔ͪ΄͔͙ͤΎ ͍͊ͫͫͦ͟͡ ͊͒͊͘; 

(͙͚ͦ͒͊ͤ͘͟ ͙  ͔ͫͨͼ͙͙͊͊͘͡ͼ͙Ύύ 

ˤͦͣͦ͗ͤ͘·͔ ͙ͨͪ;͙ͤ· ͨͦΎ͍͔͙ͤ͡Ύ ˤ˿ ͔ͫͨͼ͙͊͡Έ͚ͤͦ ͊ͪͻ͙͔ͭͭͯͪ͟·Υ  
Å̏ͺͺ͔͙͍ͭͤͦͫͭ͟Έ 
Å˽͙͍͙͔ͪͦͦ͒ͭ͘͡ΈͤͦͫͭΈ 
Å͔̇ͤ͊/͙͍͙͔ͨͪͦͦ͒ͭ͘͡ΈͤͦͫͭΈ 
Å͔͎̏ͤͪͦΉͺͺ͔͙͍ͭͤͦͫͭ͟Έ 
ÅΧ 

˸͙͊ͭͪ;ͤ·͔  
͔ͫͨͼͨͪͦͼ͔ͫͫͦͪ· 

˿ͦͨͪͦͼ͔ͫͫͦͪ· 
(i286/287) 

˴͍͍͊ͤͭͦ·͔ 
ͦͣͨ͟ΈΌ͔ͭͪ· 

̅ͦͭͦͤͤ·͔ 
ͦͣͨ͟ΈΌ͔ͭͪ· 

˥͙ͪ͒ ͙  ͔͔͔ͪ͊ͫͨͪ͒ͤͤ͡·͔ 
͍·;͙͙͔ͫͭ͡͡Έͤ·͔ ͔ͫͪ͒· 

˻͋͊͡;ͤ·͔ 
͔ͫͪ͒· 

˥ͪ͊ͺ͙;͔͙͔ͫ͟  
ͨͪͦͼ͔ͫͫͦͪ·Σ GPU 

FPGA-͙͔ͫͫͭͣ· GPU + ͭ ͔ͤͦͪͤ͘·͔ 
Ύ͒ͪ͊ 

͙͍͔̂ͤͪͫ͊͡Έͤ·͔ 
͍·;͙͙͔ͫͭ͡͡Έͤ·͔ 
͙͔ͫͫͭͣ· 



˿͔ͯͨͪͦͣͨ͟ΈΌ͔ͭͪ Alice Recoque, Exascale, Europe, CEA 

Alice Recoque ς ͍ ͚ͭͦͪͦ ͔ͫͯͨͪͦͣͨ͟ΈΌ͔ͭͪ ͊ͫͫ͊͟͡ Exascale ͍  ˩͍͔ͪͦͨ. ˽ ͎ͪͦͪ͊ͣͣ͊ EuroHPC JU.  

˿͙ͭͦͣͦͫͭΈ ς 544 ͣ ͤ͡Φ͔͍ͪͦΦ ˿͒͊;͊ ͍ Ήͫͨͯ͊ͭ͊͟͡ͼ͙Ό ς 2027-2028. 

 

- 9ǳǊƻǇŜ Ƙŀǎ Ƴŀƴȅ Ǝƻŀƭǎ ǿƛǘƘ ǘƘŜ ǎŜŎƻƴŘ ǎǳǇŜǊŎƻƳǇǳǘŜǊΦ ά²Ŝ ŀǊŜ ƭƻƻƪƛƴƎ ŀǊƻǳƴŘ ŀƴŘ ǘǊȅƛƴƎ ǘƻ 
ǳƴŘŜǊǎǘŀƴŘ ǿƘŀǘ ƭŜǾŜƭ ƻŦ ŀƳōƛǘƛƻƴ ǿŜ Ŏŀƴ ƘŀǾŜ ǘƘŜǊŜΣ ōǳǘ ǘƘŜ ŀƛƳ ƛǎ ŦƻǊ ǘƘŜ ǎȅǎǘŜƳ Χ ǘƻ ƘŀǾŜ ŀ ŦǳǊǘƘŜǊ 
ƛƴŎǊŜŀǎŜ ƛƴ 9ǳǊƻǇŜŀƴ ǘŜŎƘƴƻƭƻƎȅ ŎƻƳǇŀǊŜŘ ǘƻ ǿƘŀǘ ǿŜ ƳŀƴŀƎŜŘ ǘƻ Řƻ ƛƴ WǳǇƛǘŜǊΧέ 

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

- Alice Recoque will be for AI 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 W¦ ƭŜŀŘŜǊǎ ŀǊŜ ƛƴǎǘŜŀŘ ŦƻŎǳǎƛƴƎ ƻƴ άǇƻǎǘ-
exascale ǎȅǎǘŜƳǎέΦ 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. 



ˮ͔͔͙͔ͣͤͤ͘ ͙͎ͨ͊ͪ͊͒ͣ· ͍·;͙͙͔ͫͭ͡͡Έͤ·ͻ ͤ͊ͯ͟ 

͙́ͪ͊͒ͼ͙͔ͦͤͤͦ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤ͘ ͍·͙͍͙͔ͫͦͦͨͪͦͦ͒ͭ͘͟͡Έͤ·ͻ ͍·;͙͔͙͚ͫͤ͡ όHPC) 

ˤ·͙͍͙͔ͫͦͦͨͪͦͦ͒ͭ͘͟͡Έͤ·͔ ͍·;͙͔͙ͫͤ͡ΎΣ ͔͒ͦͨͦͤͤͤ͡·͔ ͔ͭͻ͎͙ͤͦͦ͡Ύ͙ͣ ˮˮ 

ʉʙʦʨ/ʛʝʥʝʨʘʮʠʷ 

ʜʘʥʥʳʭ ʜʣʷ 

ʦʙʫʯʝʥʠʷ LLM 

ʆʙʫʯʝʥʠʝ LLM 

(ʥʝʜʝʣʠ/ʤʝʩʷʮʳ) 

ʈʘʙʦʪʘ ʩ LLM, 

inference 

(ʩʝʢʫʥʜʳ/ʤʠʥʫʪʳ) 

ʇʦʣʫʯʝʥʠʝ ʦʪʚʝʪʘ 

ɺʭʦʜʥʳʝ 

ʧʘʨʘʤʝʪʨʳ HPC-

ʤʦʜʝʣʠ 

ʈʘʩʯʝʪ 

(ʯʘʩʳ/ʜʥʠ/ʥʝʜʝʣʠ) 
ʇʦʣʫʯʝʥʠʝ ʦʪʚʝʪʘ 

͙̇͟͡ ͤ͊ͯ;͎ͤͦͦ  
͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 



˿͙͔ͭͪͦͭ͡Έ͍ͫͭͦ ͋ͦ͡Έ΄͙ͻ ͼ͔͍ͤͭͪͦ ͒͡Ύ  
͔͙ͨͦ͒͒ͪ͗͟ ͔ͭͻ͎͙͚ͤͦͦ͡ ˮˮ 


