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Ranked Top500 No.1 in 2011
Competitive in various fields

HPCG | Cs

No.1(2017) Finalist(2016) No.1(20

© RIKEN

m K computerwas shut down in August, 2019 after 7 years of operation
B The last rack of Supercomputer“Fugaku” was delivered in May 2020

B Software adjustmentis ongoing for the general use scheduled in FY2021
B Fugaku tech FX1000 & FX700 are GA already, and A64FX CPU is supplied to HPE
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Benchmark Results and “Fugaku” Specification FUJITSU

K computer, SPARC64 VIlIfx | Fugaku, A64FX

5 Instruction set architecture SPARC-V9 HPC-ACE Armv8.2-A SVE 512bit

é"_ Double precision performance 11.28 Petaflops 537 Petaflops

=f Half precision (Al) performance - 2.15 Exaflops in half precision

‘Si Total memory bandwidth 5.64 PB/s 163 PB/s

8 nterconnect Tofu interconnect Tofu interconnect D
TOP500 (Petaflops) 10.51 (#1 at June/Nov. of 2011) 415.53 > 442.01 (#1)

=~ HPCG (Petaflops) 0.6027 (#1 Nov. 2016~Nov.2017) 13.36> 16.00 (#1)

v HPL-Al (Exaflops) — 142> 2.00 (#1)
Graph500 (TTEPS) 31.302 (2014~2019.6 #1) 70.98 > 102.95 (#1)

TOP500: Performance of solving the linearequation (dense matrix) Ax = b, which is common in science and engineering. The standard
performance indicator for supercomputers

HPCG : Performance of solving the linearequation with sparse coefficient matrix using Conjugate Gradient method
HPL-AI: Performance of solving the linearequation utilizing lower precision floating point calc., like fp16, which Al often utilizes
Graph500: Performance of big data processing. Integerand memory access speed related to the graph search/traverse are evaluated
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Technical Innovations and Features of “Fugaku” FUJITSU

Faster applications: Leading-edge technology
® The world's first CPU w/ Arm’s HPC extension, SVE, for which Fujitsu collaborated as a lead partner
® An arithmetic unit (512 bit SIMD) with 4x of Kand half-precision (FP16) usedin Al
® HBM?2 for high memory BW
m Tofu interconnect D for efficient massively parallel processing (Enhanced Tofu for K)

Energy efficient and reliable: in-house hardware and software
® Original CPU, system, and software for stable and improved operation of large systems

m Efficient hardware with software control of power-saving features (power knob)

B Fujitsu's CPU design and leading-edge Si-tech to achieve world-class power efficiency

Ease and breadth of use: Adoption of industry standards

® Original CPU "A64FX" using Arm architecture widely used in smartphones and 10T devices

® Red Hat Enterprise Linux (RHEL 8), which is widely used for servers, etc.
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“Fugaku” and Fujitsu Commercial Supercomputers  rujitsu

M Lineup of supercomputers equipped with A64FX CPU
Fugaku “"'"E"

FUJITSU Supercomputer PRIMEHPC

PRIMEHPC FX700
PRIMEHPC FX1000 easier adoption w/ de

© RIKEN

y
Developed with RIKEN for highly scalable system facto tech
« 150k nodes » 384 nodes/ Rack * 8 nodes/ 2U Chassis
« Water-cooled « Water-cooled * Air-cooled
« Tofu interconnect D e Tofu interconnect D * InfiniBand
* Fujitsu original software « 0SS/ ISV software

» Fujitsu / RIKEN original
software
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A64FX Performance and Power using 0SS Real Apps  rujirsu

Performance scaling of a A64FX over 2x x86
00 10 20 30 40 so 6o  MLatestx86 and A64FX w/ the same

x86!
’ Updated | number of cores™
Ve IRESE]

Fluiddynamics ®mUp to 1.9 times faster

SRS Ll Calculation speed | IS IC] N ,
Strurcctjtr:ralanalysis ower Efficiency ] Up to 4.8 times lower energy

AN TR 15 47

First principles calculation ' * AB4FX : 48 cores x1 CPU (22 GHZ)

savon i 13 x86 CPU : 24 cores x2 CPU (2.9 GHz)
First principles calculation 2.8 .
specreMsp L2 . MScalable performance obtained by
S . . t- . ] .
e'sm'cmagipm_paga el HE ® Enhanced microarchitecture for HPC
Weather Research and For;ecasting p-8 lEnergy—saving design &
Model I‘fui)]rljlflbrlgdiction Acrosisglcgales 2.4 im plementation

Oct. 2020
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Commercial Applications FUJITSU

B Fujitsu works with vendors to make commercial apps available for FX1000,
also for FX700 and Fugaku with binary compatibility

Available [ In a research & development phase (4 of Nov. 2020)

Engineering (Structural analysis, Fluid dynamics and Electronics)

LS-DYNA ADVENTURECluster Altair Radioss™ Ansys Fluent

(by/Ansys ) (by Allied Engineering Co.) (by AltairEngineering, Inc.) (by \risys )
Availablei . ; .
FRTl Poynting | @CSCNYERSE  HELY)! JMAG
. (by Fujitsu Limited) (by ConvergentScience)  (by ENGYS Ltd. & VINAS Co., Ltd.) (byJSOL Corporation)
Chemistry* Marc scFLOW Simcenter STAR-CCM+
(by % HEXAGON  msiRsoitware ) (DY faf HEXAGON  @cCracie ) (by Siemens Industry Software Inc.)
Available for Am—ber =
LU Gaussian16f VASP VPS (PAM-CRASH)

(by Gaussian, Inc.) (by ESI Group)
*Collaboration with Aust@llan National University.
All application names used in this slide are trademarks or registered trademarks of their respective venders. All applications are provided by their respective

venders after being available. LS-DYNA, scFLOW, and Marc can also be prowded vga Fujitsu. Copyright 2020 FUJITSU LIMITED



Solving the Social Issues by Supercomputer FUJITSU

f ~ Social Issues ~ b
Health and longevity Safe and secure society Climate problem

Social issues

Specific area

Industrial competitiveness

Life science

Sustainable energy

Disaster prevention and Manufactu ring Energy
the environment

- J
e — : ™
Future 4 [Simulation] 7\ [Data analysis)
* Fluid dynamics * Al(Deep Learning)
« (rash and structure /- Big data analysis
Now —f— « Materials :
__ Past ~ Supercomputer ~ )

Supercomputer will be used as the infrastructure to support solving the social issues & digital

transformation
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Fugaku Achievement Acceleration Program FUJITSU

| Fujitsu and Tokyo Medical and Dental University Leverage World's
[ | PrOJect theme ::::ﬂ::::mpﬂﬂrtﬂ Perform Cancer Gene Metwork Analysis
M Elucidation of the cause and diversity of Setors Bleddieat el Doviisl Unbravalts Faliien Luboomtonien b
cancer using large-scale data analysis and Al
technology News Facts:
B Research representative " ekone n e ek of Be s resmarch. sorering e coculbon psiod o cancer
. ol MeiFhTE N with aaplainable Al technolagy and word's fastest n
m M&D Data Science Center : meﬁm.M.H."mmw.gmmw:fﬂ?f'
R . . Interpratation and veriflication insights of Al indings  with data processi ovided by tha
Tokyo Medical and Dental University (TMDU) ok ks cparcampue. ek, and s exiamati A echncioy
. . = Maw appioach wil be applied o Fwe anabysis of mome large-scale data generated by
Director, Satoru Miyano Qenarae Soquance snalysh technclegy ievereghng Fugetu, and e resuls el be

Inberprated with explainable Al o help achieoe some of the workd's most advanced
‘ cancer resaarch

Y &
v ¥ .
> P o O P Tokyo, Novemnibser 10, 2020
» L™ Tokya Medical and Dental Uiniversity [ TMIDU) and Fujitsy Labomboniss Limited have recantly
completed, in less than a day, estimation of tha network that represonts tha influence elationchip
v - \ . O y between genea and prediction of their relaionship with mfiation and metastasis based on genes
O v “ ! o highly likely bo be involved in cancer dewwlopment. TMIDU and Fujitsu achisved this leveraging Fujitsu
et < Laboratories explainabie Al lechnology Teep Tersar™' with the workd s fastesd supercompuer
R CE—— 7t e Fugaku< which was jointly developed by RIKEM and Fujitsy. The progect was contehed under tha
theme of "slucidation of the cause and diversily of cancer using large-scale dats analysis and Al
Heewon Park. Kog Maruhashi. Rul Yamaguchi. Setya Imoto. Satoru Mivano Globa gene network e " 8 part o The supssc Foguiu schivvoment: scoulomion “Wﬂu being
| C 1] g -
exploration based on explanable artificial inteligence approach PLoS ONE (2020) :ﬁﬁmm;;‘_‘;apln Ministry of Education. Culture. Sparts. Schence and Technology from May 2020
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https://www.fujitsu.com/global/about/resources/news/press-releases/2020/1110-01.html

Global Adoption and Partnership

Bm Commercial products

® PRIMEHPC FX series
* GENCI, France
« University of Regensburg, Germany
 Sandia National Laboratories, USA etc.

= HPE Apollo 80 with A64FX CPU

« The Leibniz Supercomputing Centre, Germany
« University of Bristol, GB
* Los Alamos National Laboratory, USA etc.

m (ollaboration with overseas leading research
institutes

B Research collaboration
+ Barcelona Supercomputing Center, Spain

M Provides evaluation environment
e Jilich Supercomputing Centre, Germany, EPCC, GB, etc.

&
FUJITSU

g

PRIMEHPC FX700 FX1000

HPE Apollo 80 System

Apps evaluation and ecosystem
development utilizing A64FX Arm SVE

I%‘\
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Summary FUJITSU

B Flagship supercomputer "Fugaku"is designed and developed thru co-design with
RIKEN effort and Fujitsu’s full range of over 40 years experience of development on
hardware and software of supercomputers

B Ranked #1 in four major benchmarks, two consecutive rounds in June & Nov. 2020,
by design and implementation for high "Fugaku" application performance

B The world's fastest "Fugaku" performance is expected to help realize Society 5.0,
which requires high speed simulation and Al capabilities

“Advanced use for COVID-19 related research” and “Elucidation of the cause and diversity
of cancer”, for example

B Dlevbelﬁping Fugaku tech, A64FX and PRIMEHPCFX1000 & FX700, into business
globally

Fujitsu aims to provide a prosperous future through the fruits of supercomputers
around the world. With the advent of the digital age, high speed simulation
with Al capable supercomputers will be widely used in many fields.

10 Copyright 2020 FUJITSU LIMITED



©
FUJITSU

shaping tomorrow with you



