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REEREREAE A 77U OFRFE]

CPU: AMD EPYC 7402P 24377, 2.8GHz,
180W

RAM: 128GB

GPU: NVIDIA Quadro RTX6000 24GB
SSD: 480GB

HDD: 21B
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NS ODIEE  E2E
1234 x 8765 HEAR
= 1234 X5

—(1x5)x103 + (2x5)x102+(3x5)x104+4 x5 =6170

+(1234%x6) x 10

X 4= 16

—(1x6) X104+ (2x6)x103+(3%x6)x102+(4x6)x10=74040

+(1234 x7) x 102

—(1X7)x10%+ (2x7)x1044+(3x7)x103+(4x7)*x102=863800

+(1234%x8) x 103

—(1x8)x10% 4+ (2x8)x105+(3x8)*x104+(4x8)x103=9872000

= 10816010
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(IEEE754-1985 3 i FA2:E 2 8/ 3l s B g =6

:Binary Interchange Format Floating—point Numbers + 3 |1 [abits @D binarys

i —

|

| =] oo ] 1 [[iommtrian ] oo

| <« HEE(half) 16 bits———»
e o BRI AR GRS \
: :BaS|c Format Floating—point Numbers (Binary) E
i + 8 bits 1 23 bits ( + 1 bit) binary32
i E < ﬁ**r_(smgle) 32 bits > E
i + 11 bits 1 52 bits ( + 1 bit) binary64
i - fE#E R (double) 64 bits >
i i + 15 bits 1 112 bits ( + 1 bit) binary128 E
: i\ -~ MEFEE (quadruple) 128 bits > j
X

IN— R T7HR—DOH BHIEEZE NS
« [EEE754 b|nary16(::ﬂ‘ﬁF§), binary32(EF5E), binary64((ZFEE)
« Al TlZbinary8& 1, &15
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CPUD M ERAULIE D54

o BEHEE . —Ap S (Instruction) TLY A XD LDT — X & ik
BN - T 4L

« SIMD (Simultaneous Instructlon I\/Iultlple Data): 28D T — &
ZF O TUEBY 2BMED —an S NERLIE DA FME

 BEMEED T & F V) 1 ISA (Instructlon Set Architecture)

e ISAIZCPUDTEREICK > T b
e X867 —F T U F ¥:Intel®Core>) —X, AMD®DRyzen>) — X7 &
—SIMD: AVX(128bit), AVX2(256bit), AVX-512(512bit)

* Arm7 —x 7 7 F v: Apple DM U — X, Qualcomm®Snapdragon
) — X, Raspberry PiZ5

—SIMD: Arm Neon(128bit), SVE2(256~512bit)
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« Apple iPhone 16e https://www.apple.com/iphone-16e/specs/

A18 chip
A1 8 6-core CPU with 2 performance and 4 efficiency cores
4-core GPU

16-core Neural Engine

Hardware-accelerated ray tracing

« Samsung Galaxy 25 https://www.gsmarena.com/samsung galaxy s25-

13610.php Samsung Galaxy S2o
J B Released 2025, February 03
0 162g, 7:2mm thickness » 349/ P _/JLSS
! <> Android 15, up to 7 major upgrades, One UI'7 4539435 HITS BECOMEA FAN
“H @ 128GB/256GB/512GB storage, no card slot o ST
0 C4) L ]
PLATFORM 0s Android 15, up to 7 major Android upgrades, One Ul 7 1?8.[%2340mxels 4532:\"') !ﬁggﬂfm g%mh
Chipset Qualcomm SM8750-AC Snapdragon 8 Elite (3 nm)
CPU Octa-core (2x4.47 GHz Oryon V2 Phoenix L + 6x3.53 GHz Oryon V2 Phoenix M)
GPU Adreno 830 (1200 MHz)
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Thread0 , ' memory
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: Y% Grdo Gidt | N N | ormmemmm R m e ke e T T T T T T >
2l \
" \Blocﬂxﬂ \ Block 1 \ Block 0 Block 1 \ |”§J§%E ';@jlj j&'“‘;& _t _
Local | Floating—point Format for Deep Learning
S S |
memon | 7 F & Bi(hidden 1 bit)
oMW (OO (LWL (L | INER
Block 2 \ Block 3 \ Block 2 Block 3 | *E‘%Z%Bi I 25D
. A0
s s ® 419 l FE&AbiY| £ || 2 | 1 11D E2M1
(OO (OO (L (LU :é 2 : < A blts >
Global memory g = | e
Grid 2 Grid 3 a3 | ‘FP8  — y
21|3 | | |
Block 0 \ Block 1 \ Block 0 \ Block 1 \ I | + || 5bits | 1 |2@1)| E5M2 |
| : ......... :
S S s s o < 8 bits > ;
| v 1
CPICVIC CRICVIC SCRICPIC SCPICPIC ! ! + || abits | 1 | 3¢+1) | E4M3 |
Block 2 \ Block 3 \ Block 2 Block 3 : i """"" i
| : < 8 bits > |
S S s | e e e e e e e .
| ........
OIOIOAVI OIOIT OICYICYAVI CYICPIC e 8bits | 1 | 7bits(+1bit G;;’fée
N E I I O
Device(GPU) | - 16 bits >

i PCle bus

Host(CPU)
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INILODEER | EZE DAL TEAG X 4= 16[0

1234 x 8765 —>Fsdt1/40>——Faﬁ/DZ
_ —(1x5)x103 + ( 25>X102+<35>><10+45—6170
(1234X6>X10 ............................................................................................................................................................................ T
] —(1x6)x10%4 + QX6)XHﬁ+GX6)XHV+MX6%XH)7MMG
(1234 ...... A s 1089
........... —(1x7) X105 + (2% 7) X 104+ (3 % 7) X 10%+(4 % 7) X 102=863800)
(1234Xg>X103 ...................................................................................................................................................................................... s

—(1x8) X 106 + (2% 8) X 10%+(3 x 8) x 104+(4 x 8) x 103=9872000

o
‘e
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10816010
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PythonlZ £ A7 &

e SEFHDEN —RARBRDEEFOLLE | STERME (BWIEE
L) é:%wn;ﬁﬁé (B RWIZEER L)

e https://github.com/tkouya/inapy/blob/master/chapter07/lin

car €d.py

IEATTHIY - X dim = 2eee 5 W
FHiE1: time 1 s, -logle(relerr(vec_x)) 10.6 dec.digits Python#{E5tH | Fese-
FHiE2: time @8.301 s, -logle(relerr(vec_x)) 11.2 dec.digits 095354

FiE3: time .278 s, -logle(relerr(vec_x)) = 11.2 dec.digits Numerical Computation with Python | 222

PS C:\Users\tkouy> & C:/Users/tkouy/AppData/Local/Programs/Python/Python31

IEATTHIY 1 X dim = seee ED- y @;ﬁ
FHiE1: time 3.26 s, -logl@(relerr(vec_x)) 10.7 dec.digits = 7,
FHiE2: time 1.75 s, -logl@(relerr(vec_x)) 11.7 dec.digits % = /“'?I
FHiE3: time = 1.18 s, -logl@(relerr(vec_x)) = 11.7 dec.digits U 74

PS C:\Users\tkouy> & C:/Users/tkouy/AppData/Local/Programs/Python/Python31 @ S &
EATTFIY 4 X dim = 10000 \\

FHiE1: time = 20.5 s, -logl@(relerr(vec_x)) = 10.6 dec.digits B NumPy. SciPy & B L A5, BT K OBHE % 5!
FHiE2: time = 9.69 s, -logle(relerr(vec_x)) = 11.1 dec.digits Di?;"_”ﬂﬁfﬁi"fm”‘bm”“”’”’“”‘
FHiE3: time = 6.8 s, -logle(relerr(vec_x)) = 11.1 dec.digits \ /
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e Pentium D + Windows 7 or Scientific Linux
6 - - - 118
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B20ERED v T — VIR

/_V,
(@]
ol
© NIS Domain: cs—pccluster3
Soo—Bes 11 nodes GbE PC Cluster
1000BASE-SW / | — ] 1000BASE-SW
= % i — =
m 000000 W —pcclus m 000000 W
cs—room443- NIS/NFS
33.88.120.88 /home
192. 708121 usr/local
~3

T

192.168.1.22 192.168.1.26
192.168 2 92.168.2.6

I
o o
——
—_——
——
—
—_—
—
—

cs—room443-d07cs—room443-d08 cs—room443-d09 cs—room443-d10 Cs-room443-d11

192.168.1.27 192.168.1.28 192.168.1.29 192.168.1.29 192.168.1.31
192.168.2.7 192.168.2.8 192.168.2.9 192.168.2.9

Intel® Pentium D 820
(2.8GHz) & Core i3/i7

Scientific Linux 6 x86_64

VMware Server
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T

] -

(e} (e} (e}
I == N -
Computing Computirg— _ - Computing Computing
I Node 0 Node 1 “Node2- ___ Noded ~ /

!

-~
- —

) /GPU 0 ﬁ )

(apu 1)(TPUT)(NPUT)
(apu 2)(TPU2)(NPU2)
(apu 3)(TPU3)(NPU3)

-

e WIFOATFCPU, XZ—a7GPUREHEBEAI-Y> %1/ —K&d 5 OpenMP, CUDA,

Pthread OpenCL
+ B/ —FEFYy b7 -0 TREVWTERARI Y Ea—R32y b7 -0 ZBET 2 p
T =D AELERBL /O T LEEDRELNDH S

Intrinsics {
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e Linpac

kTR - -

Linpack7 X k& Topb00(1/2

LU

BafE->T BII—XRAHENZHE

<

https://www.netlib.org/benchmar

HPL - A Portable Implementation of the High-Performance Linpack Benchmark for

Distributed-Memory Computers

Version 2.3

r\ Innov
»

December 2,2018

k/hpl/

e Top500 https://top500.0rg/

2025-12-16

(6 B 11A8) icLinpack

£ T
TV — RO
%

175 OHEE

HPL is a software package that solves a (random) dense linear system in double precision (64 bits) arithmetic on distrib
computers. It can thus be regarded as a portable as well as freely available implementation of the High Performance Co

Benchmark.

500

The List

HOME LISTS > STATISTICS ~ RESOURCES ~ ABOUT ~ MEDIA KIT

El Capitan Retains Top Spot in 65th TOP500 List as Exascale

Era Expands

June 10, 2025
The 65th edition of the TOP500 showed that the El Capitan system retains the No. 1 position.

With EL Capitan, Frontier, and Aurora, there are now 3 Exascale systems leading the TOP500.

All three are installed at Department of Energy [DOE] laboratories in the United States.

SPONSORED
ARTICLE

THELIST

06/2025 Hiahliahts

olock-cyclic data distribut
Recursive panel factoriza
lcing swap-broadcast alg

1ed solution as well as the
arge variety of factors. No
attached implementation
imory usage.

2 Message Passing Interfa
Image Processing Library
for a large variety of syste

gy's Lawrence Livermore
id 12187-001-00 4R.

iumentation] [Software] [
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Linpack7 X k & Toph00(2/2

. 2025411 A DIIEfT
2 0 2 1 E 6 H 0) "lﬁ{l’- Rmax Rpeak Power Rank System Cores FPr::(p/s] F::li:ls] :’k‘;v‘”'er

Rank  System Cores (TFlop/s)  (TFlop/s) (kW)

1 El Capitan - HPE Cray EX255a, AMD 11,039,616 1,742.00 2,746.38 29,581

1 Supercomputer Fugaku - 7,630,848  442,010.0 537,212.0 29,899 4th Gen EPYC 24C 1.8GHz, AMD
Instinct MI300A, Slingshot-11, TOSS,

Supercomputer Fugaku, A64FX 48C 57 |
1. B 1. 7 X ) Sy

2.2GHz, Tofu interconnect D, Fujitsu

DOE/NNSA/LLNL
RIKEN Center for Computational Science Uliiizd Siafes
Japan
2 Frontier - HPE Cray EX235a, AMD 9,066,176 1,353.00 2,055.72 24,607
2 Summit - IBM Power System AC922, IBM 2,414,592  148,600.0  200,794.9 10,096 Optimized 3rd Generation EPYC 64C

2GHz, AMD Instinct MI250X, Slingshot-

2. 7)( l) jo,HPECrayos,HPE

POWER? 22C 3.07GHz, NVIDIA Volta

2 . 7 )( U 7!7 GV_H?O, Dual-rail Mellanox EDR DOE/SC/Oak Ridge National
Infiniband, IBM Laboratory
DOE/SC/0ak Ridge National Laboratory United States
United States
3 Aurora - HPE Cray EX - Intel Exascale 9,264,128 1,012.00 1,980.01 38,698
3 Sierra - IBM Power System AC922, IBM 1,572,480  94,640.0 125712.0 7,438 Compute Blade, Xeon CPU Max 9470

52C 2.4GHz, Intel Data Center GPU

POWER? 22C 3.1GHz, NVIDIA Volta
. 3 77X U ijax, Slingshot-11, Intel
3 -7 )< U jj GV100, Dual-rail Mellanox EDR . )
) o DOE/SC/Argonne National Laboratory
- Infiniband, IBM / NVIDIA / Mellanox United States
DOE/NNSA/LLNL
United States 4 JUPITER Booster - BullSequana 4,801,344 793.40 930.00 13,088
XH3000, GH Superchip 72C 3GHz,
L Sunway TaihuLight - Sunway MPP, 10,649,600 93,014.6 1254359 15,371 N NVIDIA GH200 Superchip, Quad-Rail
4 '\ /r \\/ NVIDIA InfiniBand NDR200, RedHat
Sunway SW26010 260C 1.45GHz, Sunway, . ) '
NRCPC Enterprise Linux, EVIDEN
EuroHPC/FZJ

4 . EFI National Supercomputing Center in Wuxi Germany

China
5 Eagle - Microsoft NDv3, Xeon 2,073,600 561.20 846.84
B Selene - NVIDIA DGX A100, AMD EPYC 555,520 63,460.0 79,215.0 2,646 Platinum 8480C 48C 2GHz, NVIDIA

7742 64C 2.25GHz, NVIDIA A100, 5 — )( U jj H100, NVIDIA Infiniband NDR,
Mell HDR Infiniband. Nvidi . j Microsoft Azure

5 — )( U jj ellanox nfiniband, Nvidia oo Aure

. } NVIDIA Corporation

United States
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Performance Development

10 EFlop/s “J': ° https//t()pSOOOl’g/Sta

1 EFlop/s ‘..."' anmas

,.»'"M"“‘m“ tistics/perfdevel/

. A = Topb00ICEIHS B X —
§ 100 TFlop/s "".. ‘““A ..l'"--... / N— :l \/ t 1L = & 0) lE_Ei
e E(Flop/s = 1# %7z Y

o DEHEH)

B c 25T, SETIOEIC

1 GFlop/s —4-"} 'TEF' Z)\ T L \ %

100 MFlop/s

1990 1995 2000 2005 2010 2015 2020 2025 2030
Lists

® Sum 4 # = #500
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