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No.1(2011)  No.1(~2017) No.1 (~201

» " PRIMEHPC FX100
....... e PRIMEHPC FX10 1”15' "

© RIKEN CMG: Core memory group

Tofu & TBI: Tofu barrier interface Efgﬁ;,b'hty AC: Assistant core

PSI: 2005~2007 2012.6~2014.3 emwemmt

VISIMPACT : /3 JJsR 5l - LAFLiaT
SHEER M vF: HWYA 43y DEEILHE
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® CPU generations and key parameters

(PU | SPARC64VII | SPARC64 VIIIfx | SPARC64 IXFx | SPARC64 XIfx A64FX

15t system w/ CPU FX10 FX100 Fugaku/FX1000
Si tech. (nm) 65 45 40 20 7

Core perf. (GFLOPS) 10 16 14.8 34 SVE 57~

Cores (Assistant core) A 8 16 MG & AC 32(2) 48(4)

Chip perf. (TFLOPS) 0.04 0.13 24 2.7~
Memory BW (GB/s) 40 64 85 HMC > 480 'HBM 1024

B/F (Bytes/FLOP) 1.0 0.5 0.4 0.4 0.4
Inter-core barrier VISIMPACT = ¢ v v v v
Interconnect S5 F1B SW Tofu Tofu Tofu2 W& TofuD &K
HW reduction Z#aESW ~ ST (FSW TofulC W& TofulC &  Tofu2(CAE \_TofuDIZ R
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Fujitsu Arm CPU A64FX FUJITSU

B Army—F7%ZHPCE)HIHLER R
® HP(E SVE) D& E (T =
”Leardjgajﬁ?\%r("tb')(%ﬁgf G A64FX
B SVEZYR—NI 2 EEE07 2 BRFEL.
HRTHIHTIRA
B =0\ 7 LA IS 37— F9F v SELYRF—%75Fr  Armv8.2-A SVE (512-bit SIMD)
= 512bit SIMD 3\7%51 o 4837 (“12377x4cmc)
u HBM2 x4 JERH(CEBRLET Rk AR R
CMG™* #BRk(CL>TEZIFI A *EY 32GiB (HBM2:8GiBx4)
ETOTR 7nm FinFET
B Al EEMHEEZRL (AR EE AL 3.3792 TFLOPS
® FPT16, INT16/8%HHR—bk PENIAN = 1,024 GBIs

ALY REEHR— b J7RIHWINU 7

* . H .
SVE: Scalable Vector Extension, CMG: Core Memory Group 25 —SPU5 Tofud > 4—T2247 MDA
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TofuDT¥&E: MPI_Allreduce FUJITSU

384/—KMPI_Allreduce3E 47 RS

_ /\—I:')9°7°/3‘/(TBI)0)E§'§§& 70
| (R~ | TEE | TEEITOERG

60
S EL N 1 3 Complex+Double v - .
B 1 6 3x MAXLOC g 50 R (TBlEL)
=
O
£ 40 M= &1 (TBI%L)
=
H MPI =' 30
=

B EZERHBCSLRET LT X LZEER
« TBI, Recursive doubling, Reduce & bcast

= TSR ERF UL (TR TIE1E) 20
51 (TBI&Y)

«=@==: Double w/ TBI
«=@==|NT32 w/0 TBI

Double w/o TBI

== |NT32 w/ TBI

ME&1(TBldHY)

==@==Double w/ TBI

0

T 11 21 31 41 51 6]
Vector length
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20,000
Sample count
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The List.

Supercomputer Fugaku - A64FX 48C 2.2GHz, Tofu interconnect D
RIKEN Center for Computational Science, Japan

in ranked

among the World's TOPS00 Supercomputers

in the 55* TOPSOO List published at the ISC 2020 Digital

26212xf LT
2.8f5D1ERE

Conference on June 22nd, 2020.

Congratulations from the TOP500 Editors

) 2020.6.22

o)
FUJITSU

HPCE ’

e z0 |
oise,
ek ‘I Fugaku ial
‘* \” C " Pflop/s L —
2{21Zx LT
ke ott§lary  Bh dimmsl 4 61%0)!"&'&‘%
88 . B @®

vmvn ooy Lab % ‘
HPL-A |
JUNE 2020 == ‘
ugaku
A= IRl T
2.6fZDHEE

v% \"ﬁ_lM i

..
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Supercomputer Fugaku
RIKEN Center for Computational Science
(R-CCS)
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HPCG (June 2020) 1% HE &2 5%

B EEIOEFENEIEH 3% THRICEFL

100000

B Symmetric Gauss- .

o)
FUJITSU

5.0%

4.5% =

SE|de|)l/_7o$j\E§|JEE§ 7} Fugaku #1 . \>.f

‘ﬁ1t [*] 8'10000 ® ® 360rack 9% q:,)

p =1 = _ o

. _ = g e Summit#z._,u-""""' 3.5% é

mTofu 6HMMEEE ¢ ¢ o S

— o vz = o 1000 e pu 360rack ) oo -

“;é*mpﬁiﬁwﬁhg E "'.- . Fugaku . g-

> ~ - e o ' T

BTofuDIE YB3 o8 aeg S 08 . . 15%
— o 2. 100 . L

150)/\_|\ @17_& 8 ’? .:: ° . Summit #2 1.0%'%

o = _.-'-"‘?' 0.5% o

’_|_\ I\ e e L @ (

10 0.0%
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[*] http://www.hpcg-benchmark.org/downloads/sc16/HPCG_on_the_K_Computer.pdf

Peak performance [Tflops]
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Green500 (June 2020)
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FUJITSU

EHEMEREE B hEEUMRE

SV SRTLA TOEIL—2 & J7%_ [TFlop/s] [GFlops/W]

1 MN-3 - 2080 1621 21.108
2 Selene - 272800 27580 20.518
3 NA-1 - 1271040 1303 18.433
& A64FX prototype v 36864 1999.5 16.876
5 AiMOS - 130000 8339 16.285
6 HPC5 - 669760 35450 15.740
7 Satori - 23040 1464 15.574
8 Summit - 2414592 148600 14.719
9 Supercomputer Fugaku v 7299072 415530 14.665
10 Marconi-100 - 347776 21640 14.661
39 Sunway TaihuLight v 10649600 93015 6.051

TOESL—2ELY AT LTOHR R (Sunway Taihulight) D 2.4~ 2 85 DEH ATV 1ERE
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RNAVDFTFTIZDLVT

B TOP500:LinpackR>F < —% (Ax = b Z <) 1 REZ IR L1+ (F

B HPCG: ERITEVERTTIIZ AR EREZ B RLfT T
B Green500:TOPS00MD R /a2 DEHH =Y IEREZNERLfT (T

m #1(XPFN(Preferred Networks) @MN-3C, 21.1GF/W
B Graph500: 7 5 7MEE < BEF BRI 1T
B HPL-Al:T6EvMNEHEZERL-LinpackxE1T

e B A

o)
FUJITSU

TOP500 % TOP500 HPCG Green500 Graph500
& fiz (TF) (hFE) (TF) (=h&FE) (GF/W) (GSTEPS)
1 | Fugaku 415530 80.9%| 13,366 2.86% 14.665 70,980 | 1,421
2 | Summit 148,600 74.0%| 2,925 1.46% 14.719 7,666 | 550
3 | Sierra 94,640 75.3%| 1,795 1.43% 12.723 67 -
4 | Sunway TaihuLight 93,014 74.2% 480 0.38% 6.051 23,756
204 | A64FX prototype 1,999 84.7%| - - 16.876 -
20%)| TRIavEa—4 10,510 93.2% 602 5.34% 0.83 31,302 -
FRFHN2020F6 A A THLELDOMRE., FFIXFIEIODIA X [RIAVE1—2(L2019F8A ICHED-HSE
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https://postk-web.r-ccs.riken.jp/perf.html

O Performance Targets

v 100 times faster than K for some applications
(tuning included)
v" 30 to 40 MW power consumption

O Peak Performance

[o®)
FUJITSU

O Predicted Performance of 9 Target Applications 4s of 2019/05/14

Performance

PostK K
Peak DP 400+ Pflops
(double precision) (34x +) 11.3 Pflops*
Peak SP 800+ Pflops
(single precision) (70x +) 11.3 Pflops
Peak HP 1600+ Pflops -
(half precision) (141x +)
Total memory | 150+ PB/sec
bandwidth (29x +) | >/184TB/sec

* Reported in TOP500 (including 1/0 nodes)

O Geometric Mean of Performance
Speedup of the 9 Target Applications
over the K-Computer

37x +

Area Priority Issue Speedup over K Application Brief description
1. Innovative computing
5 & | infrastructure for drug 125x + GENESIS MD for proteins
a3 discovery
< g 2.P lized and
= . Fersonalized ani -
<3 preventive medicine 8x + Genomon %enome pr‘FJCESSIngt]
using big data (Genome alignment)
3. Integrated simulation ; f
e
0g systems induced by 45x + GAMERA Earthquake simulator (FEM.In
9 é u_? earthquake and tsunami unstructured & structured grid)
Q =0 . .
g S % 4. Meteorological and NICAM+ Weather prediction system using
§ © 7 | global environmental 120x + LETKF Big data (structured grid stencil &
e prediction using big data ensemble Kalman filter)
5. New technologies for
energy creation, Molecular electronic simulation
m : + NTChem .
z conversion / storage, 40x (structure calculation)
a and use
<
z g- Aﬁ“'erat‘:df Computational Mechanics
c .
[ inen‘g;g:lesl egn anergy 35x + Adventure | System for Large Scale Analysis
systems and Design (unstructured grid)
- 7. Creation of new Abiniti simulati
functional devices and -ihitio simulation
23| - + RSDFT . )
3 § 3 | high-performance 30x (density functional theory)
3 = & | materials
Q< =
3 @ & | 8. Development of " .
R
22 innovative design and 25x + FFB Large Eddy SImUI?tlon
o production processes (unstructured grid)
2 9. Elucidation of the : . .
c m
& 2 | fundamental laws and 25y + LQcD Lattice QCD simulation
[= 3N+
@

evolution of the universe

(structured grid Monte Carlo)

SSHE 2020 HPCO+—3 Ls, 8/27

Copyright 2020 FUJITSU LIMITED




2 EIFFEBESIR FUjiTSU

BEEID3DNDHE
B 7Yy —a ke

" BN [EEIQBERRATH,
" TS TZHE+RTEAS>TNSD ?
LR

m 7I)r—ia ttRE
o EHEREET ) (GENESIS, NICAM+LETKF) . TER 1D 100{= eI B &
c NRUFR—=IS0F T ThE

m EHEN
« Green500 T LEGL(T7OESIL—2ELD U AT LTIEX14L)
m NPT

- Arm Linux (Red Hat Enterprise Linux) #-7R—k

RORNIVRAFEER, PSINCRYBATE-ERRWMHE. [BEEITOITHAUGE
BAEFN O RTL(IFZVT VTRV )DEHET —FT I FvibiT-AREDOHEE
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TOP500 (June 2020) D A/\aA> DA Z—aRJk

[o®)
FUJITSU

TR LAYk / &%t / Rmax [TFlop/s]  &#& / HPCG [TFlop/s]  SE#) / Efficiency ) / HPCG Fraction  ¥#) / Socks #XKfll / Socks
=ICustom Interconnect
Sunway 1 93,015 481 74.2% 0.4% 40,960 40,960
TH Express—2 2 63,516 38 64.2% 0.6% 18,688 35,584
Custom Interconnect 3 7311 81 84.3% 0.5% 13,545 24,576
Aries interconnect 34 155,748 1,977 73.0% 0.5% 6,616 18,832
Bull BXI 1.2 2 13,277 371 53.6% 1.5% 4,542 8,256
RoCEv2/MN-Core DirectConnect 1 1,621 41.3% 0.0% 80 80
= Gigabit Ethernet
10G Ethernet 95 160,862 50.5% 0.0% 6,544 165,200
25G Ethernet 80 159,048 50.7% 0.0% 1,888 8,300
40G Ethernet 73 120,385 77.8% 0.0% 2,880 2,880
100Gb 6D-Torus 2 2,642 60.3% 0.0% 1,880 2,000
200Gb 6D-Torus 1 4325 70.5% 0.0% 1,024 1,024
100G Ethernet 11 21,584 52.4% 0.0% 126 160
=Infiniband
Infiniband EDR 48 141,056 851 60.4% 0.2% 2,371 26,000
Infiniband FDR 36 80,013 722 68.8% 0.5% 4,742 24111
Mellanox InfiniBand HDR 2 24,782 18 64.2% 0.5% 8,346 16,016
Infiniband QDR 3 4,880 51 66.0% 1.0% 8,421 9,648
Dual-rail Mellanox EDR Infiniband 8 311,871 4,721 72.9% 0.4% 2913 9,216
Mellanox HDR Infiniband 4 76,714 1,370 70.2% 0.8% 3,312 6,368
Infiniband FDR14 1 2,814 78.6% 0.0% 6,144 6,144
4xEDR Infiniband 2 3,159 91 72.6% 2.0% 3,225 5,130
Mellanox EDR InfiniBand/ParTec ParaSt: 1 6,178 75 62.5% 0.8% 4,770 4,770
Mellanox InfiniBand HDR100 5 24,800 68.7% 0.0% 2,943 4,608
Infiniband HDR 7 14,545 44 56.2% 0.1% 2,066 4,560
EDR Infiniband/ 8D Hypercube 1 4,851 66.8% 0.0% 4,200 4,200
Infiniband EDR/HDR 2 8,156 45 63.6% 0.6% 3,231 4,158
InfiniBand HDR100 6 14,523 62.6% 0.0% 2,098 4,032
56Gb 3D-Torus 1 1,428 74.4% 0.0% 4,000 4,000
Mellanox InfiniBand EDR 12 62,946 974 68.7% 1.1% 1,020 4,000
Infiniband EDR/FDR 1 1,228 22 46.5% 0.8% 2,080 2,080
Infiniband 1 1,757 65.7% 0.0% 1,740 1,740
= Myrinet
Myrinet 10G 1 1,975 29.9% 0.0% 5,600 5,600
= Omnipath
Intel Omni-Path 46 180,770 1,752 65.5% 0.3% 2,982 12,744
Dual-rail Intel Omni-Path 1 3,082 62.0% 0.0% 2,232 2,232
Intel Omni—Path 100G 1 1,403 45.7% 0.0% 192 192
= Proprietary Network
Tofu interconnect D 3 424,147 13,597 83.5% 1.9% 51,712 152,064
Proprietary 1 2,566 54.6% 0.0% 14,336 14,336
Tofu interconnect 2 1 3,157 110 90.7% 3.2% 3,443 3,443
Ba 500 2,206,134 27,391 62.2% 0.2% 4,226 165,200

* 291437 Sugon TC6000, AMD Epyc 7501 32C 2GHz, AMD Vega 20, Infiniband HDR ®Rpeak(cD\L\T (49,404 TFELTEHE
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TOP500 (June 2020) D A/\aA> DA Z—aRJk

[rie2ad]% - B9k / B / Rmax [TFlop/s] &3t / HPCG [TFlop/s]

=ICustom Interconnect
Sunway
TH Express—2
Custom Interconnect
Aries interconnect
Bull BXI 1.2
RoCEv2/MN-Core DirectConnect
= Gigabit Ethernet
10G Ethernet
25G Ethernet
40G Ethernet
100Gb 6D-Torus
200Gb 6D-Torus
100G Ethernet
=Infiniband
Infiniband EDR
Infiniband FDR
Mellanox InfiniBand HDR
Infiniband QDR
Dual-rail Mellanox EDR Infiniband
Mellanox HDR Infiniband
Infiniband FDR14
4xEDR Infiniband
Mellanox EDR InfiniBand/ParTec ParaSt:
Mellanox InfiniBand HDR100
Infiniband HDR
EDR Infiniband/ 8D Hypercube
Infiniband EDR/HDR
InfiniBand HDR100
56Gb 3D-Torus
Mellanox InfiniBand EDR
Infiniband EDR/FDR
Infiniband
= Myrinet
Myrinet 10G
= Omnipath
Intel Omni-Path
Dual-rail Intel Omni-Path
Intel Omni-Path 100G
= Proprietary Network
Tofu interconnect D
Proprietary
Tofu interconnect 2

wt

93,015 481

63,516 38

7311 81
155,748
13,277

1621 1EF

160,862

159,048

120,385 [ ]’E
2,642

4325
21,584

I
% 100PF } \i

s

[o®)
FUJITSU

SE3§ / Efficiency 3 / HPCG Fraction 1) / Socks MKl / Socks

74.2% 0.4% 40,960 40,960
64.2% 0.6% 18,688 35,584
84.3% 0.5% 13,545 24,576

® *InfiniBand*
_E£1: Custom, Proprietary (Tofu, Aries) | ®*Tofu*
fr{i: InfiniBand, Omnipath e

T4{i: Ethernet *Omni*
604:L: TRZDERED 910057 D1 )

\33,, 20441: A64FX Prototype (254 2GHz)

= e

+H ] %

s N R

S 1o0rF, & INRY R

—

£ N - : -

x N HOF— #*RIERE DT —XTIF v
= AT FIr—as DY R—h

o 3 SO TS S— —

@41 1 pF ——e—

TOP500/IE iz
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O f%EJ(J“'ﬁHbRCPUFA64FXJ75:T ;U 2 RO\
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RRESA> TV

EVE AN

CPU
S
AR

V[ =
VINIIT A

FX1000

[EE |OFZEL TS eiiziEA.

=tEe. BYLEMY. SEEMLCINX., HRESILA
OB EHEE N%ZEIR,

A T1.3EFLOPSEL_ LD AT L© iR B] BE T KAR
1Y —mFHCRBER AT L

AG4LFX 384)—R5v7

TofuA >4 =% ~D

K

FH3YY

FUJITSU Software Technical Computing Suite

FX700

2B — Rigditia~—2 U S EREArm Y — )\,
INRARNS B A BIRER TA— L TP I IEZE B TNV EER
Flo AGLEXDENTA—X D ADFERBAL, [E
E @37V -  BRCRBERS AT Lo
A=TUIRYITRIIT RV IR—h,

ABLFX 8/ —RIZv—>

InfiniBand EDR/HDR100

zEm

USYIRIINIAT 2=

FUJITSU Software Compiler Package, OpenHPC,
Bright Cluster Manager

SSHE 2020 HPCO+—3 Ls, 8/27
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PRIMEHPC FX700 FUJITSU

B 2524 — Rigflia~R—-RELIETHA>

BB ATV IA—LIPIHEZETTTI
* 191> FSVI(CHEE A]RER 2UER
* S-S HIDERKRATL— ReiEE
* 1JL—RIC2/—REEU., Sv—SICHRK8./—RIERK
c BENCZES AR ERA
« KGRI RVIRIBICE Z (B A B #E

m EFEEDAA-IRI . OSzEH K
* 58— RRI( >4 —-1%I NMlInfiniBandZz £ A [

* OS(¥RedHat Enterprise Linux%z#£F
c BUWINII 7T 23R

PCIeh—F (AT>3Y) JL—K
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~ — > [e®)
R AT LIERR FUjiTsu
E‘l‘%}j—} (
_
\ w *
PRIMEHPC FX700 PRIMERGY B8 —)U
(x86%—/\) i
\
EE)—K | | A= | | 010 )—K
(x868—/\) (x86H—/%) (x86Y—)\) - 1-Y
P B Pt TyRD—=7J

st&xwhTJ—2 : InfiniBand EDR/HDR100 (A F>3>) ™
I S N S
Hl4Elxw kT —2 : Gigabit Ethernet

&8 whJ—% 2 : Gigabit Ethernet

(*1) BBY—INOAREBEEL- B - ARYI(F. VI NITT RV DIEFENRS AT ©RIEE(CEIDERS
(*2) PRIMEHPC FX700C(ZInfiniBand EDR/HDR100(3ZATS> 3>
InfiniBand EDR/HDRFKIEIRDIFE . sTE XY NI—J(EEE R NJ—%(Gigabit Ethernet) &3
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VIRNDTT RE9Y FUjiTsu
B AGLFXDMEEZ S |IEH T HARIREZ IR

FX1000(Arm) FX700(Arm) / PRIMERGY (x86)
=i [ . N
RFEIRIR FU)ITSU Software Compiler Package
’ ‘:I@\/{i\o—/f,?j‘—u * Fujitsu Compiler
et . MPI
(EO1T) |+ Fujitsu SSLII, BLAS/LAPACKIScaLAPACK OpenHPC
A » Profilers Z y
- i . GCO9
HPCSRILYTT Technical Computing Suite Bright Cluster Manager « Open MPI
.« SITATT1—5 s JATNERER e SLURM + GNU GDB
ZIIATZ1TT | o saEREE « SLURM, PBS Pro(0SSHR)
s IVAIVIATL | ., &1 * Lustre o Warewulf &
-o525ER 5| T « Bright Cluster Manager & )

FUJITSU Software Technical Computing Suite
 FEFS(Fujitsu Exabyte File System)

0S Red Hat Enterprise Linux 8
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AGLEXDETEIRELEE I (0SSEFIV) FUJiTSU

x86 CPU x2(cxd'9 HA64FX x1 DIEREFEER

0.0 1.0 2.0 3.0 4.0 5.0 _ " " *
B[E—JPECOLLET, ABLFX (3
openFoaM I 1 1 20 EPTDOx86 (PU ¢HEEL T,
TAREET St stEREE TS
FrontISTR =1 EEE al7 .ETEEE_CN1 8'1%
SRR BEEHET~LTE
ApinT . 15 aly =
FE—IRIEEE x AB4FX  : 4877x1CPU(2.2GHz),
satmoN [ 1.5 b g x86 CPU : 24777x2CPU(2.9GHz)
F—IREEE
sPECFEM3D [N 1 2 53 .
MR SOV EREERZ LT (CLDEIR
wre T 13 _ _
e 28 = HPCEIHCAALLIER A /07— 555 F v
mPAs [ 0.2 2.4 NETRINF - ZERMUIERETEERR

EERQRETI
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A7) —23 DK FUjiTsu

B ISVE#EHRIL. A7) DOFX10005t s ZEY A TLNVET,
INAF)—BEDOFXT00ETEE IIZEXELET,
T H IR FE I R FEH (202046 8)
IG5 (BEENT. IR, TLYMO=IR)
LS-DYNA ADVENTURECluster Altair Radioss™  Ansys Fluent

(by Ansys, Inc.) (by Allied Engineering Co.)  (by Altair Engineering, Inc.) (by Ansys, Inc.)

Poynting QNWERS:E  HELYXC JMAG

(by Fujitsu Limited) (by Convergent Science) (by ENGYS Ltd. & VINAS Co., Ltd.)  (by JSOL Corporation)

(== Marc scFLOW Simcenter STAR-CCM+
Am ber (by MSC Software Ltd.) (by Software Cradle Co., Ltd.) (by Siemens Industry Software Inc.)
Gaussian16 | VASP VPS (PAM-CRASH)

(by Gaussian, Inc.) (by ESI Group)

B A —RAS)TEILKE
i *2ZSARRDETHDT IV r—as &, BRUE —DEIEE LB 3EETT,
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A AT LRRBREDI —ILA A— FUJiTSU
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