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Ab4FX Leading-edge Si-technology

B TSMC 7nm FinFET & CoWoS

® 8.8 billion transistors

W 594 signal pins
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Fugaku’s FUjitsu A64fx Processor is--

e an Many-Core ARM CPU--

48 compute cores + 2 or 4 assistant (OS) cores
Brand new core design

Near Xeon-Class Integer performance core ]

ARM V8 --- 64bit ARM ecosystem
Tofu-D + PCle 3 external connection

-but also an accelerated GPU-like processor '

_____

_____

- = -

_____

SVE 512 bit x 2 vector extensions (ARM & Fujitsu)

. Integer (1, 2, 4, 8 bytes) + Float (16, 32, 64 bytes)

Cache + memory localization (sector cache)

@ | ||
R-CCS
PCle Tofu
Controller Interface
g8,
CEE): v [ =
EEER AR EleE o
o0 7 S i CCIEIN M g
Gee | ' [EEE =
/ Sl |
N el ity shllh
EEE | i 2ge =
9 Lalc](c]lc] @
g;Ed":‘]. o0 4 2
BREE X 1 {90 =
/

HBM2 on package memory — Massive Mem BW (Bytes/DPF ~0.4)
. Streaming memory access, strided access, scatter/gather etc.
Intra-chip barrier synch. and other memory enhancing features

e GPU-like performance in real-world HPC especially CFD-- Weather

& Climate (even w/traditional Fortran code) + AI/Big Data
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SC19 Green500 ranking and 1* appeared TOP500 edition  fyjirsu

B "Ab4FX prototype”, prototype of Supercomputer Fugaku, ranked #1,
1816}/6 GF/W b

mApprox. 3x better GF/W to 2" system w/CPUs

16

14

12

I

w/0 Acc
w/ Acc

BThe first system w/o Acc ranked #1 in 9.5 years

Top Xeon machine #37, 5.843 GF/W

<« —

Endeavor: #94, 2.961 GF/W

-

50 100 150 200 250 300 350 400 450 500 35 b

0 45 50
Green500 rank TOP500 edition
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AB64FX CPU power efficiency for real apps

B Performance /Energy
consumption on an A64FX @
2.2GHz

B Up to 3.7x more efficient over
the latest x86 processor
(24core, 2.9GHz) x2

B High efficiency is achieved by
energy-conscious design and
implementation

OpenFOAM

FrontISTR

ABINIT

SALMON

SPECFEM3D

WRF

MPAS

[o®)
FUJITSU

Relative power efficiency ratio

1.0

FUJITSU A64FX

2.0

x86 (24core, 2.9GHz)x2

17



AB64FX CPU performance evaluation for real apps FUjiTSU

B Open source software, Real
apps on an A4FX @ 2.2GHz

B Up to 1.8x faster over the latest
x86 processor (24core, 2.9GHz)
X 2, or 3.6x per socket

B High memory B/Wand long
SIMD length of A64FX work
effectively with these
applications

OpenFOAM

FrontISTR

ABINIT

SALMON

SPECFEM3D

WRF

MPAS

Relative speed up ratio

0.5

FUJITSU A64FX

1.0

x86 (24core, 2.9GHz)x2

18



The HPE/Cray CS500 - Fujitsu A64FX Arm-based Server FUﬁTSU

B Cray Fujitsu Technology Agreement
B Supported in Cray CS500 infrastructure

B Full Cray Programming Environment (note: ==
HPE product, support only by HPE) e EREE

High Performance
Fujitsu A64FX Arme®

v8.2-SVE Server -

B [eadership performance for many memory
Intensive HPC applications, e.g., weather

B GA in mid’2020

B A number of adoptions
US: Stony Brook, DoE Labs, etc.
Multiple yet-to-be-named EU centers
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Fugaku Performance Estimate on 9 Co-Design Target Apps ® ||
RCCS7
Cart_sgo Priority Issue Area SP:;OJmZ‘C;?K Application Brief description
O Performance target goal peecup
I
@ 1. Innovative computing
v" 100 times faster than K for some applications % g::;‘/:lr‘;t”fefor drug 125x + GENESIS MD for proteins
(tuning included) 5
v" 30 to 40 MW power consumption =) 2. Personalized and -
. “rZ; preventive medicine using big 8X + Genomon (Gcaeer;%nr;zg?gﬁriség?)
O Peak performance to be achieved g |
° 3. Integrated simulation Earthquake simulator (FEM in
Postk K ri’n % ) ZZTIﬁ;’LZI?S ;ﬁ‘;‘isbgnami 45X + GAMERA unstructured & structured grid)
Peak DP >400+ Pflops S29 — .
. 11.3 Pflops 3 2 2 | 4 Meteorological and global 4+ | Weather prediction system using
(double precision) Eet) 52 : environmental prediction using 120x + NICAM Big data (structured grid stencil &
Peak SP >800+ Pflops 11.3 Pflops 8 | Pgdaa LETKF ensemble Kalman filter)
(single precision) (70x +) ' .
5. New technologies f o -
Peak HP >1600+ Pflops m enerzvgc‘igaggnf%'ﬁivgsion , 40x + NTChem Molecular electronic S|mulat|on
. - 1) storage, and use (structure calculatlon)
(half precision) (141x +) S
Total memo >150+ PB/sec 7 6. Accelerated development of Computational Mechanics SyStem
bandwi dthw (29% +§ 5,184TB/sec % innovative clean energy 35x + Adventure for Large Scale Analysis and
SRS Design (unstructured grid)
0] 8 7. Creation of new functional Ab-initio si i
. S g . iy -initio simulation
O Geometric Mean of Performance B2 A | mams e 30X + RSDFT (density functional theory)
Speedup of the 9 Target Applications gE8@
over the K-Combuter g D 5 8. D_evelopmentof i_nnovative Large Eddy Simulation
P = 3 grejégeg:e"sd production 25X + FFB (unstructured grid)
> 37x+ S o i o oo Lattice QCD simulation (structured
o undamental laws and 25X + LQCD )
As of 2019/05/14 20 evolution of the universe grid Monte Carlo)
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o HRTHHTHIIYRI—I)II>EI1—%4 (HPL-AI)!

TOP500 = v
(LINPACK) =85  415.5 PFLOPS Summit CGkH) 148.6 PFLOPS 2.804%
HPCG =y 13.4 PFLOPS Summit (GKE) 2.93 PFLOPS 4.57Z
HPL-AI =K 1.42 EFLOPS Summit CGKHE) 0.55 EFLOPS 2.584Z
Graph500 =5 70,980 GTEPS U 23,756 GTEPS 2.904%

TaihuLight (HRE)

e +45 (Giga) =10W9%E F5 (Tera)=10M12%FE ~RH(Peta)=10015%F& I/Y(Exa)= 100183
o JOYJA(FLOPS: Floating Operations Per Second) —#&HIDD(EE))/I\ERUEE 4R
e TWJZ (TEPS : Traversed edges per second) 4 SJ4LIBMDEEHRI B
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TOP500 #1 History from K computer to Fugaku FUJITSU

B Performance improvement from K computer is about 40x while power
consumption is only 2.2x => 12.66MW vs 28.33MW

B Good scalability and HPL execution efficiency of TofuD interconnect, MPI,
job management software, and reliable hardware

100

2 415.53PF, 28.33MW . . N
al [ — Scalability & HPL execution efficiency
o 10,51PF, 12.66MW
‘q_: " System # of nodes|HPL eff |Interconnect
El Fugaku (B5) 152,064| 80.87% |TofuD
=
S Summit 4,356| 74.01%/|Infiniband
= SunwayTaihuLight 40,960| 74.15%|Custom
o
Y Tianhe-2 16,000 61.68%|Custom(Fat tree)
é Titan 18,688| 64.88%|Gemini
% e ae 4o 41 4s as an de ae a7 a8 49 c0 1 oy oa on e Sequoia 98,304| 81.09%|Custom(5D torus)
a _ . 0 ° f

A LS Ay A $ O K computer (3R) 88,128| 93.17%|Tofu

%\?Q& &:QQ’Z\/ ¢ b§ \\/\&\ 0&6\ 9\3%@
S > T S NN

25 Copyright 2020 FUJITSU LIMITED



TOP500 #1 History from K computer to Fugaku

O
FUJITSU

®m Performance improvement from K computer is about 40x while power consumption is only 2.2x => 12.66MW vs 28.33MW
B (ood scalability and HPL execution efficiency of Tofu interconnect, MPI, job management software, and reliable hardware

B Flagship machine power consumption (GF/W) is important due to
societal demand on limiting power consumptions of facilities

T 10 415.53PF, 28.33MW T 10

gv] 4]

= s =

(@) (=)

S 10,51PF, 12.66MW S

3 10 J 10

= =2

(=R o

E E

S S

~ ~

T 1 o 1

o o

Y 2 . . .

E IDC?ower Efficiency only x5 during the same period

u§ 0.1 E 0.1

gf 37 38 39 40 41 42 43 44 A5 46 47 48 49 50 51 52 53 54 55 gf 37 38 39 40 41 42 43 44 A5 46 47 48 49 50 51 52 53 54 55

. R N D N NG O
R SS ¥ S & o DS X S 8 N
AN SRS L S % NN SRS & $ %
AP T T C& AR S S C&
a5 <3 B\ <3

Copyright 2020 FUJITSU LIMITED



TOP500 #1 History and Fugaku's Choice FUJITSU

®m  Performance improvement from K computer is about 40x while power consumption is only 2.2x => 12.66MW vs 28.33MW
B Good scalability and HPL execution efficiency of Tofu interconnect, MPI, job management software, and reliable hardware
B Flagship machine power consumption (GF/W) is important due to societal demand on limiting power consumptions of facilities

B Fugaku improved CPU core performance, avoiding external accelerators
for apps execution performance

100 12,000,000

# of CPU cores

\ 10,000,000
# of accelerator cores
10

8,000,000

Way for perf. Accelerator core

GF/W improvement

Easier

Not easy

(%]
<)
e,ooo%ao
Apps development . . GF/W S
y Fugaku's choice ! 00
Apps domains Narrow Wider

Performance per K computer (log scale)

Q A& & Ny
{-\,v;z,& RN @Q.&\% N @0"{@@
N

Q ;
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TOP500 #1 History and Fugaku's Choice FUJITSU

Performance improvement from K computer is about 40x while power consumption is only 2.2x => 12.66MW vs 28.33MW
Good scalability and HPL execution efficiency of Tofu interconnect, MPI, job management software, and reliable hardware
Flagship machine power consumption (GF/W) is important due to societal demand on limiting power consumptions of facilities
Fugaku improved CPU core performance, avoiding external accelerators for apps execution performance

% 0 # of CPU cores 000
Way for perf. A
yrorp Accelerator core =3 10,000,000
= # of accelerator cores
GF/W improvement . S 1 8,000,000
P Easier Not easy a P
E . b
8 04 6,000%{)0
Apps development . easy . x  GFW /g O
Fugaku's choice & * 400000
v =
Apps domains Narrow Wider S 2,000,000
EEANAVUUL T COUIVOD 11 ULLILUTD A TIVLLTITTIIJdI N E I I
N nl
— 01 0
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HPCG Results of TOP500 + Fugaku's 216-rack Results ruiirsu

B Fugaku’s efficiency is very high and the same in both system sizes ~3%
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Q Fugaku / Fujitsu FX1000 System Software Stack /% S

Fugaku Al (DL4Fugaku)

Math Libraries
Fujitsu: BLAS, LAPACK, ScaLAPACK, SSL I
RIKEN: EigenEXA, KMATH_FFT3D, Batched BLAS,,,,

LLVM/CLANG, PG, ...)

Tuning and Debugging Tools

Live Data Analytics
RIKEN: Chainer, PyTorch, TensorFlow, DNNL... Apache Flink. Kibana
) 3 nans

Cloud Software Stack

OpenStack, Kubernetis, NEWT...

Compiler and Script Languages
Fortran, C/C++, OpenMP, Java, python, ... Batch Job and Management
(Multiple Compilers suppoted: Fujitsu, Arm, GNU, System ObjectStore

Hierarchical File System S3 Compatible

Fujitsu: Profiler, Debugger, GUI Red Hat Enterprise Linux 8 Libraries

High-level Prog. Lang. |Domain Spec. Lang.| Communication

File 110 Virtualization & Container
DTF KVM, Singularity

XMP FDPS RIEN Me!
Process/Thread Low Level Communication
PIP uTofu, LLC

File /O for Hierarchical Storage
Lustre/LLIO

~3000 Apps sup-
ported by Spack

Red Hat Enterprise Linux Kernel+ optional light-weight kernel (McKernel)

20020/01/27 RIKEN Center for Computational Science

R-CCS

Open Source

Management Tool
Spack

Most applications will work
with simple recompile from
x86/RHEL environment.

LLNL Spack automates this.



?  Fugaku / FX1000 / FX700 Commercial Apps !

Available soon | In a research & development phase  (as of june 2020

Engineering (Structural analysis, Fluid dynamics and Electronics)
LS-DYNA ADVENTURECluster Altair Radioss™  Ansys FLUENT

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

Povnting @MNERSE  HELY)C JMAG

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

Chemistry* 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)

*(Collaboration with[Australian National University
1 **All application names used in this slide are trademarks or registered trademarks of their respective venders.
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| ERIX Julv2017 HPC+Al NVIDIAP100  458PF  22.9PF / 45.8PF 8.125 PF 13.704 GF/W
TSUBAME3 y Public x 2160 (FP16) (FP32/FP16) #22 #8
EX Apr.2018 HPC+Al NVIDIAP100 10.71PF 5.36 PF/ 10.71PF
V-
f:;“s" spg| | Reedbush-H/L  (update)  Public x 496 (FP16) (FP32/FP16) (Unranked)  (unranked)
=8 X HPC+Al NVIDIAP100  11.1PF 5.53 PF/11.1 PF
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ABCI 2018 Public x 4352 (FP16) (FP32/FP16) #8 #6
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| Sakura Internet 2019  Lab Only x 1700 (FP16) (FP32/FP16) 3.712 #58
KEA—L
HPL-ALIZT Uw Summer HPC+Al NVIDIAV100 3,375PF 405 PF/3,375 PF 550PF 148.6 PF 14.719 GF/W
Summittt, <.t 2018 Public x 27,000 (FP16) (FP32/FP16) (FP16) #2 #5
2.584%
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https://github.com/fujitsu/dnnl_aarch64
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Chainer on AG4FX/EE

e Introduction

T, Deep Learninglc &M BN EEAATNNDLICIOE. _ NS0
5T & ClEIGPUZFWCERSTEPIAFTNTTITUTLDEVNZD. UNUEEZ
Z&KEI DHMassive Parallel ComputerTt, GPURKKREDCPUTFEDM:F 1%
BEEMVESZ{DEENTJELEZS.

EETIE, AIOFIAHEEZBNICALIL—-AD-7/74TS)DE N - @bz
17TV, 2Q19&(25‘%5@b7’:R—CCS/AIP/AIST:L—DLOﬁU}EH%T\/ﬁ'— MK\ g -
5&,leﬁH%b‘%’vb\jl/—A'j—’](iTensorFlow/Chainer/l;yTorchd)JIIE‘CabD
fe. EETEINS3DOIL-LAD-IFBZEBEUBRIRZIEHIZFTECTHD.

CCTE, TRINSIERECHEY THEMFBOFERIBEDOEMmUL, £
REYBIVL—LAT—-ID1DTHSChainerOMEF1—Z>)%HENT 3.

e Chainer®E{E45HE

o cProfile+gprof2dot%fil), ChainerCMNISTH> JILREEF BUIE
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Table.1 Profiler (cProfile) result on the K computer.
- Original Cheiner Ver.4.4.0 profile for MNIST sample (unit=1,000, epoch=20) on the K computer
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218000 36.27 0.000 1,442.64 0.007 function_node.py:201(apply) Fig.1 Call graph sample of
24000 30.91 0.001 31.99 0.001 functions/activation/relu.py:96(forward_cpu) Chainer on the K computer
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[ Data Processing Platform for SmartCity (Oishi, R-CCS) !
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