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A64FX
) CPU Architecture  (Armv8.2-ASVE SPARC64 VIlIfx
» . a)‘l‘i He r'.i-l J: E E :/ 3 >®4§IEE +:n]rI:: Extension)
nonon o B|uE 19— BEAELT, 3 E
GAMERA Ry BHEOMEEEE b— \y h 77 IJ z} \oj >'E‘B‘E’& - Peak DP performance (:30779220::) 0.128 TF
NICAM+LETKF PR — S ERBULMRAROYS2L—Yay —3>] & BBt B X 2 MainMemory 326GiB 16GiB
" » =1 L | — ==, i

NTChem ﬁ%’;"ﬁf“aﬁ o BEL. 4EEZE F ARt EEHE, Peak Memory Bandwidth 1024 GB/s 64 GB/s
ADVENTURE KRV ZATLDYZaL—y3Y = iﬁ{b Peak Network Performance 40.8 GB/s 20 GB/s
RSDFT DEOB R RS Hx ° o Notes 384 102
FrontFlow/blue HNOBIRNOEEEHE % PeakDP performance 1.2/13 PF <0.013PF
Laco FHFORBHVEE Process Technology 7 nm FinFET 45nm

<9D0DF—-4Yy hFPTUFs—>3>>

A64FX Leading-edge Si-technology

B TSMC 7nm FinFET & CoWoS :
B Broadcom SerDes, HBM 1/0, and SRAMs
m 8.8 billion transistors

® 594 signal pins
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Fugaku’s FUjitsu A64fx Processor is-:- ReS
e an Many-Core ARM CPU:-: Controlier | | imterface
e 48 compute cores + 2 or 4 assistant (OS) cores----f = \
« Brand new core design | .. :
o Near Xeon-Class Integer performance core ] I Mcicicic § 5
e ARM V8 --- 64bit ARM ecosystem T — — || |
e Tofu-D + PCle 3 external connection | » g - . ome * |
e ---but also an accelerated GPU-like processor ' = | Lot o f) =

e SVE 512 bit x 2 vector extensions (ARM & Fujitsu)
. Integer (1, 2, 4, 8 bytes) + Float (16, 32, 64 bytes)

e Cache + memory localization (sector cache)

e HBM2 on package memory — Massive Mem BW (Bytes/DPF ~0.4)
. Streaming memory access, strided access, scatter/gather etc.

e 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

(=W = = M2 3 =1
R REDREIHCPUZIMEEE U= B4Rt (1ksk - 2p=)
ZIINA>DE I NSRRI [Green500] T H5FR11%IEE (2019F118,. JONYA )
- TOP500NMHPCTENMIERDREVEMHEEETEDOXRIRZFT 955 >F>
2 (fDHEDES 7T U TEREORSR AR T
- Green500(d. TNEFETGPURBEIMISIHYS A L& R L TUVEh' Ll
SE(LFAEACPUEE TR 1MES ‘
- SAACPUE LT, BEEMHDINtelt &t/ T 3EaEnEE4EE
- FYITHBEDDIEITERETH 2 ~4MEDERESAITIIERDIEREE
KHPE/Craytt(d, [EBE] [CEESINTULBAMA4FXTOtzvH
HEA ANV ICEA CGRERIOwY SN TIEE L))

‘ 2020FE LR, tH5RMHIE CTlRIT <IATFET>

=
- KEOR TS ERETHR / E \

REA—DY Y SETHAFFR
cKEX =TIy IOK%F
- REJURBMLRE %

BADEERERDEEAN

[ BEHISOIDRRERGT S ENEE |

ExRIOZ 10 MRS TIEORKRER
REZIITEER TESAN D
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SC19 Green500 ranking and 1*" appeared TOP500 edition  Fujirsu

W “A64FX prototype”, prototype of Supercomputer Fugaku, ranked #1,
o1 6}76 GF/W \

© i mApprox. 3x better GF/W to 2" system w/CPUs - WA ;
Wy .
e mThe first system w/o Acc ranked #1 in 9.5 years .
0} D
=% | : e
L E . | Top Xeon machine #37, 5.843 GF/W M B
° — \ )
6 [ . ®eo o
. Endeavor: #94, 2.961 GF/W TS P
— —
! o.. .‘:!izsl::.:'.
0 °e ..-.: '..loooooo
0 50 100 150 200 250 300 350 400 450 500 35 40 45 50
Green500 rank TOP500 edition
15 Copyright 2019 FUJITSU LIMITED
3 Green500:X{E¥ 1 &S, NI VDH ? !
o CNFTMDGreen500

T GPUBHA N PR AN DB L

MHTAA BRI/ DR !
[EZ0) &LTD AL+ )N> ] REFEFEDRER
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A64FX CPU power efficiency for real apps

M Performance /Energy
consumption on an A64FX @
2.2GHz

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

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

OpenFOAM

FrontISTR

ABINIT

SALMON

SPECFEM3D

WRF

MPAS

(|

[e®)
FUJITSU

Relative power efficiency ratio

FUJITSU A64FX x86 (24core, 2.9GHz)x2

A64FX CPU performance evaluation for real apps

M Open source software, Real
apps on an A64FX @ 2.2GHz

M 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

17

OpenFOAM

FrontISTR

ABINIT

SALMON

SPECFEM3D

WRF

[e®)
FUJITSU

Relative speed up ratio
0.5 1.0

FUJITSU A64FX x86 (24core, 2.9GHz)x2

18
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The HPE/Cray CS500 - Fujitsu A64FX Arm-based Server

Cray Fujitsu Technology Agreement
Supported in Cray CS500 infrastructure

Full Cray Programming Environment (note:

HPE product, support only by HPE)

Leadership performance for many memory
intensive HPC applications, e.g., weather

GA in mid’2020

A number of adoptions
US: Stony Brook, DoE Labs, etc.
Multiple yet-to-be-named EU centers

| I |

(|

[e®)
FUJITSU

Cray CS500
High Performance
Fujitsu A64FX Arm®
v8.2-SVE Server

FUJITSU CONFIDENTIAL

119

R

RIKEN

Z—A—ZJEJ—GF EJ@EIH

#8./— K% : 158,976/ —KR

e 384 J/—R x396 5w/ = 152,064 rﬂ%;
e 192 J—Rx365ws = 6,912 /E\
(%) [:R] 88,128 /—R i

EBEE—R (CPUBNMEO DY JRB#E 2GHzZ)
o EREEERRSIE (64bit) 488 X5IOYIX

om
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HETER
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120CPUIR4BEOH BI7. 4R (£1ci22
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Rt BhEkatt

o HIEEIEGRSME (32bit) 977 RHIOVIZ
o HIEE (AIXEH) HEBHKSME (16bit) 1.95 I/970vIR
o EEH (Altim) EmmSfE (8bit) 3.90 I/9AYTR

(%) By
o NRH(Peta)=10015F I/H(Exa)= 100185
o JOvSZA(FLOPS: Floating Operations Per Second) —M&IDD(ZE)/NECEE MRS
o #wJFZ (OPS: (Integer) Operations Per Second) —#&IzDDEEHEE MRS

T—AME—F (CPUBMFIOY VAR 2.2GHz) J
o EREEERESME (64bit) 537 X5TOYIZ
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o HIEE (AIFDY) HHRHmSE (16bit) 19043

o X[RIG WThOEETE11.28 RFIIOVTR
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Fugaku Performance Estimate on 9 Co-Design Target Apps S

KLU
Ca:;go Priority Issue Area Ss:;jolzpm(a)czrel( Application Brief description
O Performance target goal
§ 1 Innovative computing .
v" 100 times faster than K for some applications 3 ;L’:ji:‘fy‘“’e“”d’“g 125x + GENESIS MD for proteins
(tuning included) 3
v 30 to 40 MW power consumption S | 2 Personalized and :
‘(E preventive medicine using big 8X + Genomon éinnznzg?;:;i:g
O Peak performance to be achieved g |-
o 3. Integrated simulation Earthquake simulator (FEM in
PostK K %" gy Z’;:ﬁai‘k"::ﬁz"[:]nam, 45X + GAMERA unstructured & structured grid)
Peak DP >400+ Pflops FIER — -
- 11.3 Pflops 392 | 4w logical and global Weather prediction system using
(double precision) (34X +) (;‘!), § g cnv.zﬁﬁ:gﬁgfﬁﬁcugnojzmg 120)( + NICAM+ Big data (structured grid stencil &
Peak SP >800+ Pflops 11.3 Pflops e big data LETKF ensemble Kalman filter)
(Single presiE (70x:4) 5. Newtechnglogles for Molecular electronic simulation
Peak HP >1600+ Pflops . 2 :ﬂ,ﬁ;%ﬁf:;"‘jg;"”"”“"”’ 40x + NTChem (structure calculation)
(half precision) (141x +) g '
Total memo >150+ PB/sec @ 6. Accelerated development of Computational Mechanics System
ATy / 5,184TB/sec g innovative clean energy 35x + Adventure | for Large Scale Analysis and
bandwidth (29% +) S ) :
% Design (unstructured grid)

g g 17 C_rea(ion of‘new functional Ab-initio simulation
O Geometric Mean of Performance 582 e 30x + RSDFT (density functional theory)
Speedup of the 9 Target Applications § 2 o —
2 | S Beyeopmentor innovative Large Eddy Simulation

over the K-Computer 8 3 = | Gesign and producti O e,

p 28 e Produston 25X + FFB (unstructured grid)

% % o Rec ucidatonofthe Lattice QCD simulation (structured
e % fundamental laws and 25X + LQCD id Monte Carl
P4 As af2019/05/14 8 o evolution of the universe gri onte Larl 0)

RIKEH

3 SEZAV—RNIA 20 —)(E BT D E - ? Sm

— S H—/) = =y . =
AN—bIA> (U5 RE) =25 /%\ Z:®R

V'

am | 2,0000& [ 30P& || 1& 30~100&

(ERDEFRILEEEL) (ERDEFREILETEE)

600-700Wx30hG&

200MW 30MW 15MW

(REE)

10Wx2,0005 & =

HHEED [ >200MW

Arm
CPUTER i0S/ x86/Arm Arm Sparc

\ : Linux (Red Linux (Red | | Linux(328)
s\ AL“iir&d Hat)/Win Hats) FABTEEL

PITUICKRUE GPURX EDRFANN SRACPU

\ N W °\ =
AI 355 ﬁgggﬁ &F 7;]% ﬁguo) SVE hligiiise A7
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o RVFT—IFZ N ALIFITHESIC 1 HEEET 3D HRINDTDHREE 1
///ES\\

o HRTHMHTOIVIPBRAT—)VIE1—% (HPL-AI) !

T N R N

TOP500

: EE

RIKE

o %S -

(LINPACK) 415.5 PFLOPS  Summit (KE) 148.6 PFLOPS 2.804
HPCG =5 13.4 PFLOPS  Summit GKE) 2.93 PFLOPS 4.574%
HPL-AI =15 1.42 EFLOPS  Summit CKE) 0.55 EFLOPS 2.58%

Graph500 =E 70,980 GTEPS LY 23,756 GTEPS 2.994

TaihuLight (FRE)

+4 (Giga) =1009%E T35 (Tera)=10012F ~RH5(Peta)=10015% I/Y(Exa)= 10018%
JOvIA(FLOPS: Floating Operations Per Second) —H&IEDDGEEN)/ N EHE 4RE

FwFRA (TEPS : Traversed edges per second)

=51 H'HIZEU48 P DI E

e LINPACK (#f75ImiEsI—RATERDIEE
%) (. RIERAEtEEED ISy o
RANAARFI—2,

e Top500JX (&, LINPACKDEITIHREZE
FREL T, HRTREEERRIX—/(—1
> E1—~®D 5004 TEERNICS
SO TBINFI—DOSFTDE
&, 1993F(CRE. T>F>J%=E2(0

(6H. 118) HXRLTW3.

o ., Top500D5 S > TEMNECERN
ftL. REOT7TUT—>3 > DR ED
TertAHEREN TS,

o EKAEERSEEZMAIILARDIZHPL
(High-Performance LINPACK) O4AE
SHRAITBIAFI—Y,

o EIFEEE TCOREBIENEZHMEIZIET,
TA—T 5"V REDATIED R Z TS
ZEzBET 3,

e HPL-AIG2019F 118 - HAFRENIz
Ig)\ SENIHTONSFI-I2F T OFRE
A

/{%x

Top500 HPCG

qﬁsnn CERTIFICATE HPCE

ET .

Graph500
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1&afgiE (conjugate gradient method)
ZRVERIERZANIIASFI—,
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TROSNBMREBRFEDIRBENS | EZFIFH
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TOP500 #1 History from K computer to Fugaku FUJiTSU

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

M Good scalability and HPL execution efficiency of TofuD interconnect, MPI,

job management software, and reliable hardware
415.53PF, 28.33MW

e
8

(_D o] . . .
il Scalability & HPL execution efficiency
s} 10,51PF, 12.66MW
‘q;: o System # of nodes|HPL eff [Interconnect
‘é Rmax Fugaku (2E) 152,064 80.87%|TofuD
S Summit 4,356 74.01%]|Infiniband
= SunwayTaihuLight | 40,960| 74.15%|Custom
a
) Tianhe-2 16,000 61.68%|Custom(Fat tree)
5 Titan 18,688| 64.88%|Gemini
u% - 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 SeqUOIa 98’304 81090/0 CUStom(SD torus)
a ) : = 9 f

D LS D& & O K computer (3R) 88,128| 93.17%|Tofu

%\4'2‘99? /\\@QQ; §$ \';Q . \5&& @%@
ol s ‘\Q ) &

Ny 3 25 Copyright 2020 FUJITSU LIMITED

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 (ood 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

5 10 415.53PF, 28.33MW T 1
S — S
g g
S 10,51PF, 12.66MW Rmax = Rmax
I 10 I 10
2 2
(=9 (=9
£ E
S S
~ ~
g 1 g 1 GF/W
(=9 (=9
g ot - . .
5 IDC?Dower Efficiency only x5 during the same period
u§ 0.1 é 01
g 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 & 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54Q55
AN L LS A D& & Ny AN L LAY & S X
\-@ &0&@&’:\, §$ Q\\ Q‘Qé\ S8 {-@ &9&@\&’,\ §$ Q\\ Q&& <<°6§/9@
§ S FS S S § S FS S N4
<@ R <L R
26 Copyright 2020 FUJITSU LIMITED
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TOP500 #1 History and Fugaku's Choice 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 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

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

% 100 # of CPU cores 12,000,000
Way for perf. 2
y P Accelerator core =3 10,000,000
= # of accelerator cores
GF/W improvement . L 0 £,000,000
P Easier Not easy =, n
g GOOO%O
(-l ’
Apps development - . x  GFW S
Fugaku's choice & * 4,000090
] Rmax =
Apps domains Narrow Wider S | | | | ‘ ‘ I I 2,000,000
€
S
= 01 0
g 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 5455
ARSI 4\"’.‘0 & 'S* N
%\: JQI& /\§' ‘Q‘z’ c,,QQ.\Q\/\o, . )Q@ QQ @é&
27 " ’a Copyright 2020 FUJITSU LIMITED

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

@ 100 12,000,000
Way For perf. § # of CPU cores
Accelerator core = 10,000,000
= # of accelerator cores
GF/W improvement . £ w 5,000,000
P Easier Not easy =, N
g 6,0 X
S 000500
Apps development - . =~ GPw o
Fugaku's choice & | 4000090
. . g Rmax =
Apps domains Narrow Wider S 2,000,000
L AW AVA VAN BN RIS AV L A S L IV AN A P AN R A RN R LW R I L) E I I
RS [ |
= 01 0
. HPI_'AI #1 Gra h500 #1 é‘_" 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55
] ] A <
2 S ¥ NS S
%\,'7@0* NS h\’i&\ &S 0’@@
28 <L ’ Copyright 2020 FUJITSU LIMITED
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HPCG Results of TOP500 + Fugaku's 216-rack Results  rujirsu

m Fugaku’s efficiency is very high and the same in both system sizes ~3%

mOptimized by splitting = "™ . o
Symmetric Gauss- = . Fugaku #?Z:g
Seidel loops[**] = o @ e

ENeighbor comm. ¢ o ®° S“ff'_t_f.zo-”(é)m . sox s
using Tofu's 6-dir g 10 ‘e ‘" ol Fugalu izjfg
simultaneous comm. -g N S .-‘ - .‘,. e .

mTofu HW reduction for & z. ¢ o 0% .S
MPI_allreduce is - o . . 05% @
effective for scalability wmoo - - — oo

[*] Fractions of Fugaku are calculated by the peak performance of each sizes measured Peak performance [Tflops]

[**] http://www.hpcg-benchmark.org/downloads/sc16/HPCG_on_the_K_Computer.pdf
29 Copyright 2020 FUJITSU LIMITED
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~ Arm HPC Users Group https://arm-hpc.gitlab.io/

RIK:

~ Linaro https://www.linaro.org/
~ Spack: https://spack.io/ @ Spack
KExascale Computing Project ARV T b T PN\ o —STR—+
. RCCSVYIhDTTEZAH—
~ R-CCSICHIFTDY T I FOMFEXIR. RULH, BERICHEITIZEDiEH & HEHE
. DL4Fugaku
- [BE] AFRBFBIL—LAD—J0EFEZENE UZR-CCSEELBELOEFER IO T U K
- &—%"w b: PyTorch, TensorFlow, Chainer, %

Fugaku / Fujitsu FX1000 System Software Stack /‘ com

R-CCS

EMED

RIKEN

Fugaku Al (DL4Fugaku) Live Data Analytics

~3000 Apps sup-
ported by Spack

RIKEN: Chainer, PyTorch, TensorFlow, DNNL... Apache Flink. Kibana
’ 3 rres

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

Cloud Software Stack
Open Source

OpenStack, Kubernetis, NEWT...

Management Tool
Spack

Compiler and Script Languages
Fortran, C/C++, OpenMP, Java, python, ...
(Multiple Compilers suppoted: Fuijitsu, Arm, GNU,
LLVM/CLANG, PG, ...)

Batch Job and Management
System ObjectStore

Hierarchical File System $3 Compatible

Tuning and Debugging Tools
Fujitsu: Profiler, Debugger, GUI Red Hat Enterprise Linux 8 Libraries Most applications will work

with simple recompile from

High-level Prog. Lang. |Domain Spec. Lang. Coqufﬂgﬂifnaéifn File 110 Virtualization & Container .
XMP FDPS RIKEN MPI DTF KVM, Singularity x86/RHEL environment.
Process/Thread Low Level Communication File I/O for Hierarchical Storage LLNL Spack automates this.
PIP uTofu, LLC Lustre/LLIO
Red Hat Enterprise Linux Kernel+ optional light-weight kernel (McKernel)

20020/01/27 RIKEN Center for Computational Science 38
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R Fugaku / FX1000 / FX700 Commercial Apps M
Available soon

In a research & development phase

(as of June 2020)

LS-DYNA ADVENTURECluster Altair Radioss™  Ansys FLUENT
(by Ansys, Inc.) (by Allied Engineering Co.)  (by Altair Engineering, Inc.) (by Ansys, Inc.)
Poynting SONVERGE  HELY)C JMAG

s T b P LA

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

Marc scFLOW Simcenter STAR-CCM+
Am b er (by MSC Software Ltd.) (by Software Cradle Co., Ltd.) (by Siemens Industry Software Inc.)
Gaussian16 f§ VASP VPS (PAM-CRASH)

(by Gaussian, Inc.)
*(Collaboration with

(by ESI Group)

stralian National University
**All application names used in this slide are trademarks or registered trademarks of their respective venders.
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BARICHSITILNXKRBRAIFAEN> TS S

[ ]
RIKEN
Deployed Purpose Al Processor
[ WIX | HPC+Al NVIDIAPIOO  45.8PF  22.9PF/45.8PF 8.125PF  13.704 GF/W
TSUBAME3 v Public x 2160 (FP16) (FP32/FP16) #22 48
X Apr.2018 HPC+Al NVIDIAP100 10.71PF  5.36 PF/ 10.71PF
o
f_,:"'é spg| | Reedbush-H/L (update)  Public x 496 (FP16) (FP32/FP16) (Unranked)  (unranked)
%5 X HPC+Al NVIDIAP100 11.1PF  5.53 PF/11.1PF
86.9 PF ITO-B LELAN s e x 512 (FP16) (FP32/FP16) el ()
K*E EEFRTHR Al NVIDIAP100  8.64 PF  4.32 PF/ 8.64PF
Ssummitle,  AlcC Oct. 2017 | .1 only X 400 (FP16) (FP32/FP16) (Unranked)  (Unranked)
=0
ggi/ ‘; HERAIP  Apr.2018 Al NVIDIAVIOO 54.0PF  6.40 PF/54.0 PF 1.213 PF (Unranked]
/ Raiden  (update) Lab Only X 432 (FP16) (FP32/FP16) #462
EWEH Aug. Al NVIDIAV10O0 544.0PF  65.3 PF/544.0 PF 19.88PF  14.423 GF/W
ABCI 2018 Public X 4352 (FP16) (FP32/FP16) #8 #6
BiEEH & Summer Al NVIDIAV100 ~210PF  ~26 PF/~210 PF 4.128 #51 (Unranked)
| | sakuraintemet 2019 Lab Only x 1700 (FP16) (FP32/FP16) 3.712 #58
[| REA—2
HPL-AIT VwSgH  Summer HPC+Al NVIDIAVIOO 3,375PF  405PF/3,375PF  550PF 148.6 PF  14.719 GF/W
Summit - 2018 Public X 27,000 (FP16) (FP32/FP16) (FP16) #2 #5
2.58f%
g)EGPU I R-CCS 2020 HPC+Al Fujitsu A64fx 4,300 PO 1070PF/2150PF  1420PF  415.5PF 1#61'852‘,‘;:)/1‘3’
=13 /’.‘%’\"2021 Public  x 158,976 (Int8) (FP32/FP16) (FP16)  #1Jun2020 p
bity (proto)45

E&E0Deep LearningVJ M AAVIDIEER FUjiTsu

m Deep learning®VJ NIT7AHY)
B ETIBIHWICRE{LENzDeep learningZ4 I 3N i 4

IL—LT—H DLIL—LT—% .
‘ (TensorFlow, PyTorch%: &) ?:-&E_.O)CPU (AGAFX) (=
54735") [cubNNzz& || DNNLEEE 222 L] iifb &t f=Deep learning
— ‘—I S f\
HW N(\B/::?L;A Intel CPU ABAFX \ 7477 )b\ﬁﬁl—, s
VI RNRAIYIRGERTT &t

B Z{DODLIL—AD—-I(CEUIntel#tDNNL (OneDNN)%#%
HE- NFU. ILU—LAT=IDEIEEHINZ DD, VI RAAY)ZEEL

DLIL—LT—%

IL—LT—=7 (TensorFlow, PyTorch#:&) \ WWEEIE .

5475 |cupnnze [ onnuze || PN \ ARZR~upstream

HW [ NVIPIA I nercpu || asarx DNNLZ#HEL T2 FE

GPU

https://github.com/fujitsu/dnnl_aarch64

46 Copyright 2020 FUJITSU LABORATORIES LTD.

76




| T - (|

DNNL#ZHEFS & FUﬁTS}J

DNNLD & {k{&

EAXMIZIZZDEFEFA

ARM v8 SVE[a IT1=F84#
HREREN KE B AFICKDF54E

TEREFLEANEVERSL: Intel CPUMIIT
DJIITa—RZBFHEH

BEIEBD TN

/ - , ON JT
Xbyak —— Xed ﬁ'" Translator "‘ngﬁg,jﬁamﬂg“
B TR T e e | REL CHMEE

x86MDJIITO—F Hio FHiZZARMD HEMREE 2 4 B
x86 M AR T R EMFIZ (X Translator® & B #FH L Txt It v HE

DNNLFHE &R #FTARA~ DB THZEHZ DD, SitaeiE

47 Copyright 2020 FUJITSU LABORATORIES LTD.

&AL ResNet50 4gesHil - PyTorch Fufirsu

RS (1-K) g e
m/\—-RJ1Y
¢ A64FX 2.2GHz, 48cores - =
«HBM 32GB \EEEL 4 o EEH
mYINIIT [ % T
188 I B

« O PyTorch v1.5.0
e PEEIVIA3 fcc
s PETLIBEFS(T35) SSLI

A64FX JOvIH

m ResNet50(FP32)4EERIE F1-ZVIXE -
N _ -CMGEOJOEREIDH TICEBNUmaif
*DNNL_aarch64nxh 2 <JCFHA ZDREE
RIVFTOTREB(C(EHorovod&{E

DNNL_ Training (FP32) DNNL Inference (FP32)
aarchea tcmalloc 9 anrched tcmalloc

- - - - 99.1 3.3

;- ;.- A\

v v v v |

0 200 400
lips]

48 Copyright 2020 FUJITSU LIMITED
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==AI ResNet50 4ge5THi - TensorFlow FUJiTSU
. §¥4ﬁ£%1§ ( 1 j_ F) ;:G"ws?hmsww‘s /QMGWJ 16 lanes :
m/\—-RJ1y
e A64FX 2.2GHz, 48cores
(= N
«HBM 32GB (2320l aes
mYJhII7 e ig O H)
T TensorFlow v2.1.0 H LB
e OELBEIV/A3 fec ‘
e QELBEHFS(T5Y SSLI A64FX J0vJE
m ResNet50(FP32)14EE8IE FIZUOME: )
N : -CMGBOTOt AL TICEBZNUmalf)
«DNNL_aarch64mxh R -JCFHA ZDREIE
RIFTOTRFEBI(C(EHorovod#{E
aghrlc’\#éi temalioc  Training (FP32) aszsZ wemaloc INference (FP32)
e e
x1.0 x1.0
v v ‘ | 85.9 ) v v | 2931 |
0 50 100 0 200 400
lips] lips]
= H-Lb s \ e
==Al ResNet50 4gesHil - YILF/—R FUJITSU
B YIILF/)—-R(8)-R)CHBIFBRT—-3EUT 1
B S HMIERIB(GEIELRU
B /- REE{EICETofuf >4 -9 M fEH
B DEFEE(C[EHorovodz{E A
ResNet50 Traing (FP32)
PyTorch :
'é%;; 1000 —e-PyTorch —&TensorFlow 8/—K/1/-K=781.5/98.2=7.96
/EN 781.5
800
- 600
% 400
TensorFlow :
200 8/—Rk/1)—-R=651.5/85.6=7.61
0
0 10
)-8
J—REUCLEBILRT =)L
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Chainer on AG4FX/EE&E

e Introduction
I, Deep Learninglc &M E BN BRACITONB LS (L. _INBD
STE ClIGPUZAVVEERSTELATNEITLTLSEVZS. UNUEEEN
L9 %Massive Parallel Computertd, GPURIRENDCPUSFIERILSIE
BEENUESDTENIEEEE X .
EETE, AIOFIEH#EEZENICAIIL-LT-9/54T3)DE A - i L%
170TV%. 20194 (cEhMLIZR-CCS/AIP/AIST1-HOFIRET > — Nk
¢, MRENZLIL—LT-3TensorFlow/Chainer/Py TorchQIE Céo
fe. BETIEIINS3D0IL-LAT-IFBAZEEULREAIZERIZFE CHD. s
CCTEF, MRIDSIEEICH THmMFBOFERREDEHERUEZ, £ :
RMWBIL—LAD—ID1DTHBChainerDtEEF1——> ) 2/ 3.

e Chainer®Eh{F4F
o cProfile+gprof2dotZ{#(\, ChainercMNISTH> )L E%F B U
(Dprofileﬁ‘-u%(i [Fig.1][Table.1]miEOTHOIZ. o b )
10.311[secleVSRARTITRRAL FOBICHEETER : ‘
- Adam optimizer [adam.py]: 84%®.
- numpy.dot [linear.py]: 11%®@.
- Other parts: 5%.

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
ncalls tottime  percall cumtime  percall filename:lineno(function)

@ 72000 8,466.67 0.118 8,484.62 0.118 optimizers/adam.py:91(update_core_cpu)

@ 102000 1,137.19 0.011 1,137.19 0.011 {method 'dot' of 'numpy.ndarray' objects}
28000 46.51 0.002 47.46 0.002 functions/activation/relu.py:29(forward_cpu)
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

SEMIFChainerdig{it /%\ R

e Chainerdiz{#t

o HIPEEIR
Chainer(IN\—>3> 7262 CHIRME T 93, FIRMC(ZPYyTorchAOB TIZF BN 2N, BEETEEFEI-HYElr
[CCNETICRBEL TEERIEZIZMHT 3.
RRMHAIEER/\—->3>: Chainer-4.5.0, ChainerMN-1.3.1
ImageNet, MNISTRIE CIERINMEEEC DOV TEAEF1— 2B H TH 3.
Z B TI/OMRENRIFI I ZIRZENESNS. [EIEERIFER (CIRRT 3.

o LA
FESFLEEFBAEEOCHVEDED L, EETOBERHRIBLEMERTIO.
HERHEEVIREE, BESATAILAOANIL, DNBEFETH?.

EMEREREDNST I, HEEADELEREF, F Scaling performance of Imagenet

REEOCEVEDE TS, Fapsedl] on the Fugaku Il el
o 48E (ImageNet Resnet-50) . 18000
CPU'%8E : 57.0ips/CPU, #h323.4% (I/Of%). 160,000
SAFINHEEE 1 177,444ips/sys 3°° 11000
(48racks, I/O\LA) B0 120,000
200 100,000
o VB
e Singularity . Z:ZZ
REPETARICOVTRETHS. FIRHEER T o0

SEVEDE T, L ek -m-sonis ,

-2 8 18 28 38 48
#rack
Fig.12 parallelization performance (;ﬁ the Fugaku system
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E&Chainer: BRIBIII(48 )R 16k N R

o fER

e 448, 048-11FPS /72rackZERUIE. JOBEFHIE910, OFSJ B
F—I>JESMIE997.0[s]" Thh, BICHBILS|TEIRIAHN RS
*SESEIL/OL TWRL e HE 2RO 1/4 T3,

e MaiNUENAT—FEVF IV KIE[CHE LU,

Scaling performance of Imagenet Scaling performance of Imagenet
Elapsed[s] Elapsed[s] [ips]
100 on the Fugaku Il 00 " on the Fugaku Il 500,000
350 b s 450 = 450,000
\ //’ 400 27— 400,000
300 - \ g
/ L 350 \ - 350,000
- "
250 - > 4 300 _-* 300,000
td 4
200 ,",‘ N 250 | ,/ 250,000
s P R
ad it | 200 — 200,000
150 »”
4 Bl
P 150 AN 150,000
100 Pos -——a
100 o~ 100,000
'
4
50 " —#— weak elapsed == strong elapsed 50 +—— i ==fr=—weak efapsed —==ll==strongelapsed— 50,000
o = %= weak ips = @l= strong ips 0 ‘. - @= weakips = @l= strong ips o
0 10 20 30 40 50 0 20 40 60
#rack #rack

P. O L[] Computer simulations

F-INFEYTIL -5 OMAILL B ED I

o WHEE, ZEFE. ¥— AL, SENRBLSOF - FHFEHPCYS1L-3ave
ERATREIEREDIDRINOMFTEIT MEN

o BEEHPCYIIL—3avEREEYIT—HEL THIR - RBFBICLIATHBR

o BARTRICHU CBRISICIEE AR 50 05 — NET I AIBET B, IOICEDUTILIA LZ T
NTETEEE D, FHAFETS ST ORMBRET . MEES BB a2

o %E’*‘E@t/sll/_/HJ&HL(:‘?U_'iélJ@/]/3/%7'“/%1%%3_50 CNICEDT ALY A > %RIRU.
D7) —)L RIEEE ST, QEJJ:E%AII\b— OB EH AT EEE D
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i ~33) ) D3
i 3B b e
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Al ERALEBEEZHZSANRE(L

P CONEN  computer simulations
Mo R-CCS create the future

o Z1-5NRYNI—IIC&BYOY— MNEF N DIBE -
o BET-ZOMROBRRSEACHT SRAEEENS 1L >3 OEN | /E\
o BUTAREAS . EAMEEINETBII-INAYNI—IOME

=

NI

Max epoch 10000
Batch size 100
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ADRRRRY)

A ERRER
DRI BRI AR

o HE(L7INIVXAZEALEZENRE(L
o MEERBIEI>I2CT1- 3Ry MetEdHAHMRRBE L FIR L LR ZIRE
AR RIRE R ‘
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AR ES

3 Society5.0TA Y-y MIBEENICZEDS T

o SETDAYF—-2vhb : ETFATRERYINI—S ~

o F—HOMAFIDC= >k D
 FU— 5% MEREHA > e —sRas [ | \jl—\ \
. F-HEH-HDFRYNT—HZTT (F 3 m.

Y,
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Target Application
Brief description
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® FFB Large Eddy Simulation (unstructured grid)

@ RSDFT an ab-initio program (density functional theory)

Computational Mechanics System for Large Scale Analysis

Adventure and Design (unstructured grid)

® ccs-acb Lattice QCD simulation (structured grid Monte Carlo)
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