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1.3 Quitline of Richardson’s life and work 11 O I .I

L. F Rikardson 931

Figure 1.4 Lewis Fry Richardson (1881-1953). Photograph by Walter Stond
1931, when Richardson was aged 50. (Copy of photograph courtesy of {
Ashford)
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The tsunamis were captured by seafloor
pressu re gauge Courtesy: T. Furumura (U. Tokyo)

- : - : Seafloor cable tsunami

Big tsunami W B gauge off Kamaishi City
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The combination of deep and shallow plate slips generated the big tsunamis

Courtesy:
T. Furumura (U. Tokyo)

(a) Slip of deep plate O@dary only (b) Slip of deep and shallow plate boundary
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MRS IaL—2 DR |
BRIk HTHBAERBECEMBEDEILE

FRAZ DB, THEKEFEZILOD, ESRREIEZS
CNIFIKERDEMICKAIMENIGFRICK>TEL LD

3 (99%"6 H 5%7}(%)

latitude

0 30 60 90 120 150 180 210 240 270 300 330 360

D 30 60 90 120 150 180 210 240 270 300 330 360
ong|u e

KR DAERA ML LIZLENR

latitude

% 20 90 90 130 150 380 210 240 270 300,590 50
longitude




(RS RFBIARL —F E A A D)7 50

> MEOKEZTHRIT. 2kmDFFBFEE T I2l —Tav %70, 1R EICHUWERIT — 22 FiA A
THEHT D720, b T ESOBIC BTV FEME B ESETREILEL FTHITAZLITREE,

> DR & o7 B E100mD BRI 12— a 30 0BT —# & Mh &b TR i -
%Fﬁﬁﬂgéaﬁ?ﬁbW)‘I/in.l/—:‘/a‘/%ﬂ‘ﬁ'f‘*ﬂbf KA, REROTIVTREROBEZFEMICHER TS
ZEITED,

2014/09/11 08:25:00

.-_...

| T—aﬁﬂ:au : B8 Ikm

(20149 H 11 H ﬁFﬁusHﬂa‘:zs @*EFF AT BT DRED S i)

FRABEE100mD T I — T a b RiT, BELE N OB ECREK 5 2383
T —RIZIEE TN LR 53D,

2021/08/26 RIKEN Center for Computational Science



I o ier T

— JAIRAEBRICITET 53 2 —ar OFEB FERFEZEL~2%) (£)
— gﬁé{gf% B, ETHICEB T AIRY ZEMES Ial—ay GBUVEIL, IBWRE., 22E., BNV RIVERE) D
B,
— HRFPOBEESHE (B =2y NIV NKREBBIEZEET, XU V) BEERDOT =2 — T a IZBVAEA TS
A3, T D1/10EL T DAL DAEATL ARSI TUZRLY,
20174 H BB AH KR A/, CAE (Computer Aided Engineering) 22 Y — 7 A% FR L, 131 E AT N2 H,

PR R, BRAJF, 7R 4 1 fk FRF R IR R BRAJE, <> & 4 it
EIRRES T2 —ar DENREDR VT IVD— VR 2ol —va OENRER R
BRI EBREEDORFEIOT IaL —ar EERD BH R A B P CREM L TN Y 7LD — VR BT
2L~ ZHIZEVEIRE F OB KL Z EFRERPE T, ZHICKVRHEEEZ RO T2 LA
RIS, R

2021/08/26 RIKEN Center for Computational Science



@) | ||
R-CCS

EDRIIC, E6E6IVE1I—HDIEREIFESYH
[&: 107



66, AVE1I—YDEEETESPOHTHBD ? R
o 1 BHIEDD;EF NI HE[MIZX

« MFLOPS: Millions of FLoating Point OPerationS. (1#R1(C108[E]0D;ZE)
INER AL )

o GFLOPS: 10°[E], TFLOPS: 10%2[@], PFLOPS: 10%'°[g], EFLOPS

nic&

olliFIAVE1—YDIBE(T OIS TLRL T
HLWN ?
—&a50 1 #HED0EE B]EE[D]EX
VAN S
X T|.a%

' @ 2021/08/26
RIK=N



6€6. AVE1—-FOHEERXESLHOTAZD ?

TOP 500 List Z/)\J>-3>4>%5
http://www.top500.0rg/

o LINPACKEEDNBAR FY—=DT
o BBAARRIEY — IR BHIETN T
o 1T RTTMET 1 RFIEL

o ERDTITVT—3> DIEREE(FED

HR1aEN

O
R-CCS

WDDEIN !

ISINOL

. ERO7IVT—>3>TlIchiFEDEREFH AL

e BEDDORFIY—IMERINTLS

2021/08/26

WA

CHEZ [

“BtE

DE

AEET Do



http://www.top500.org/

RIK=H

Rank

10

Site

RIKEM Advanced Institute for
Computational Science (AICS)
Japan

Mational Supercomputing Center in
Tianjin

China

DOESCIOak Ridge Mational

Laboratory
United States

Mational Supercomputing Cenire in
Shenzhen (NSCS)
China

GSIC Center, Tokyo Institute of
Technology
Japan

DOEMNNSATANLISMNL
Linited Staies

MASAAmMes Research Center/MAS
LUnited States

DOESCILBNL/NERSC
United States

Commissariat a 'Energie Atomigue
(CEA)
France

DOEMNMNSATANL
Linited Staies

June/2011

Computer/Year Vendor Cores Rmax  Rpeak  Power

K computer, SPARCH4 VlIEx 2.0GHz, Toiu

interconnect / 2011
Fuijitsu

548352 §162.00 B7T363 9308.58

Tianhe-1A - NUDT TH MPP, X5670 2.93Ghz
6C, NVIDIA GPU, FT-1000 8C f 2010 186368 2566.00 4701.00 4040.00

NUDT

Jaguar - Cray XT5-HE Opteron 6-core 2.6

GHz / 2009
Cray Inc.

224162 1750.00 2331.00 86950.60

Mebulae - Dawning TC3500 Elade, Intel
X5650, NVidia Tesla C20A0 GPU f 2010 120640 1271.00 2984 30 2580.00

Dawning

TSUBAME 2.0 - HP ProLiant 5L390s GY
¥eon 6C X5670, Nyidia GRII

LinuAVindows £ 20
MNEC/HF

Cielo - Cray XEG 8-
Cray Inc.

Pleiades - SG1 Alfix
Keon HT QC 3.0/
Infiniband / 2011
5GI

Hopper - Cray XEG
Cray Inc.

Tera-100 - Bull bulk
SH01VSED30 /7 201
Bull SA

Roadrunner - Blade

Cluster, PowerxCel
1.8 GHz, Voltaire |
1B

500

CERTIFICATE

K computer, a Fujitsu System at the
RIKEN Advanced Institute for Computational Science (AICS), Kobe, Japan

is ranked
No. 1

among the World's TOPso0 Supercomputers
with 8.162 PFlop/s Linpack Performance
on the TOPsoo List published at the 15C*11 Conference, June 20, 2011

Congratulations from the TOPg oo Editors

oS Wes ;Qﬁ&ig %ﬁﬂﬂrw Aot

Hans Meuer
Univeriity of Mannbeim Hmmuﬁ Urtarsity of Tennesses NERSC/Bereley Lab
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TOP 10 Sites for November 2020 http://www.top500.0rg/ C%E(I:g

For more information about the sites and systems in the list, click on the links or view the complete list,
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Rank  System Cores [TFlopfs]  [TFlopfsl [kw]

1 Supercemputer Fugaku - Supercomputer TAIDELE 4420100  BITZIZ0  29ETY
interconnect [, Fujitsu
RIKEM Center for Computationz| Science
Japan

£ aummit - 1BM Power Svstem ACTZZE, IBM LANA 52 1486000 200.774%  100%6
Duzl-rail Mellanox EDR Infiniband, |BM
OE/SC/ Ok Ridoe National Lat

United States

& sierra - 1BM Power Svatem ACTEZ, IBM 1572480 946400 1257120 TALE
POWERS 22C 3.1 GHz, NVIDIA Volta GV 100,

Oz l-rail Mell EQR Infin LIBM /
R I00A S Mellanox

DOE/MNSALLNL

United States

4 aumway Taihulight - Sunway MPE Sunway 10,669,600 93,0046 1254359 1527

RIKZH China
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Codesign of “Fugaku” S

3 Design Targets:

e 1. Extreme Power-Efficient System X—/ ~N
e Maximum performance under Power consumption of 30 - 40MW (for system) Cool (Low-power)
e 2. Effective performance of target applications technology is
o It is expected to exceed 100 times higher than the K computer’s performance .
in some applications important!!

J

e 3. Ease-of-use system for wide-range of users

Technologies and Architectural Parameters to be determined !l

e Basic Architecture Design (by Feasibility Studies)
e« Manycore approach, O3 cores, some parameters on chip configuration and SIMD

e Instruction Set Architecture and SIMD Instructions

¢ Fujitsu collaborated with Arm, contributing to the design of the SVE as a lead partner
6 O ¢ Chip configuration
J .
’ g @ > e Memory technology The number of cores |.n a CMG
O v The number of CMGs in a chip

« DDR, HBM, HMC ---

v How to connect cores to shared L2 in a CMG

e Cache structure v The number of ways, the size, and throughp
uts of the L1
COdESIgn to meet these e Out of order (O3) resources v and L2 caches
¢ Enhancement for Target Applications v" The topology of network-on-chip to connect
CMGs
3 dESlgn ta rgets e Interconnect between Nodes v The die size of the chip
P » SerDes, topologies “Tofu” or other network? | v The number of chips in a node
®
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Supercomputer “Fugaku” and A64FX processor &

e Ultra-scale “general-purpose” manycore system: € Standard programing model is OpenMP-MPI hybrid
158,976 nodes (1 processor/node, total 7.6 M programming. running each MPI process on a NUMA
cores, theoretical peek 537PFLOPS (DP)) node (CMG).

e Arm-based manycore processor: Fujitsu A64FX @ 48 threads OpenMP is also supported.
(Armv8.2-A SVE 512bit SIMD, #core 48 + 2/4,
3TF@2.0GHz, boost to 2.2GHz) CMG(Core-Memory-Group): NUMA node

12+1 core
e 12 cores in a cluster of cores called CMG,
connected to L2 and HBM memory chips l PCle Tofu
] Controller Interface

e Advanced Memory technology: HBM2 32 GiB, @ Vv | @~ =& & ————___J|}___.

1024 GB/s bandwidth, packaged in CPU chip ! CEF \ Q—Q f oEg \

I cile)lef 1 ) 1

e Scalable Interconnect: ToFu-D interconnect ! g > %Bc'm - [Z:% N g :
L2 @) | N | PEEE =1

PR S HC Bttt Ste

TR T

| o) L)) (c I cllecllc (1" I

3l e oo M|

LS J(J(c)(e) J [c)(<)(<) (<] = )

HBM2: 8GiB

Diagram of A64FX processor

' @ 2021/08/26

RIK=H



RIK=H

Die Photograph of A64FX processor

e TSMC 7nm FINnFET
e 400 NMMm~2

e HBM2 chips are mounted on Si-

interposer connected by TSMC CoWoS
technology z

T RN RS T

e
-
-
-
-
.
+
4
k
3
b

bl

HBM?2
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Comparison of Die-size Rees

e A64FX: 52 cores (48 cores), 400 mm2 die size (8.3 mmz2/core), 7nm FIinFET process
(TSMC)

e Xeon Skylake: 20 tiles (5x4), 18 cores, ~485 mm?2 die size (estimated) (26.9 mm=2/core),
14 nm process (Intel)

e A64FX core is more than 3 times smaller per core.

Xeon Skylake, High
Core Count:

4 x 5 tiles, 18 cores, 2
tiles used for memory
interface

485 mm? (22 x 22)

https://www.fujitsu.com/jp/solutions/business-technology/tc/  https://en.wikichip.org/wiki/intel/microarchitectures/skylake_(server)

catalog/ff2019-post-k-computer-development.pdf

P. 2021/08/26
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Taken form UK benchmarks: S | ||

BenCh ma rk resu It Of CloverLeaf A hydrodynamics mini-app to solve the R-CCS

compressible Euler equations in 2D, using

e Comparison with two nodes of TX2 (dual) and Skylake (dual) an explicit, second-order method

e Good scalability by increasing the number of threads within CMG.
e The performance of one A64FX is comparable (better) to that of two nodes (4 sockets) of Skylake

WAGAFX W TX2 mSKL W AG4FX WTX2 mSKL
350 35
Execution time Relative performance
300 30 (to 1T/AG4FX)
(]
"0' 250 O
E é 25
.g 200 E 20
5 s
8 150 o 15
2 >
. :
w 100 < 10
o
0 II III III III lll 1 [] II lll ull amm 0 [ ™ | III I I III I III
1 4 8 12 1 4 8 12 1 4 8 12 1 4 8 12
1 2 4 1 2 4
# threads / process # threads / process
P_. 20 # processes # process



Performance and Power-efficiency of HPC OSS Rees

e Several Open-source software were already ported and evaluated.
e Evaluation using one chip A64FX and dual chips of Xeon.

e The almost same performance to dual sockets of Xeon with half of power
consumption.

0 10 20 30 40 50 60 70 8 90 100 110
Performance and power

. OpenFOAM T o=
efficiency of open-source
applications FrontISTR | —
(results are shown in %, ABINIT
relative to Intel Xeon SALMON
: e
Platinum 8268
(Cascadelake, 2.90 GHz,  SPECFEM3D [ ——
24 cores/sockerlgigllie WRF e ——
sockets))
—

MPAS

M execution time M average power
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LULESH

e A64FX performance is less than Thx2 and Intel one

e We found low vectorization (SIMD (SVE) instructions ratio is a few %)
e We need more code tuning for more vectorization using SIMD

45000
40000
35000

— 30000

~ 25000

Z 20000

“- 15000
10000

5000
0
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4 8 12 1 3 6

1

B A64FX mTX2 mSKL

# threads / process
H processes

8
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SPEC CPU® 2017 integer Speed ‘Recs

e The performance of A64fX is about
performance of Xeon in single thread.

. . 600.perlbench C 1 1.20
e Fugaku uses normal mode (2.0GHz) with Fujitsu PEMBENEn_S 24
compiler tcsds-1.2.30a. For c and c++, clang mode 602.gcc_s 1 263 957
's used. 605.mcf_s C 1 3.42  11.2
e Xeon is Cisco UCS B200 M5 (Platinum 8168(Skylake),
2.7GHz, 24core x 2 chip, turbo on) with icc 18.0.2. 620.omnetpp_s Ct++ 1 1.26  7.31
https://www.spec.org/cpu2017/results/res2018q2/cpu2017-20180529-06367.txt 623.xalancbmk_s C++ 1 1.61 9.46
o Reference machine is UltraSPARC-IV+(2.1GHz, 625.x264_s C 1 2.06 116
2cores x 4 chip)
631.deepsjeng_s C++ 1 137 +5.17
I 641.leela_s C++ 1 1.26 4.36
e The reason for the low single thread 648 exchange? s F90 . 142
- - .e o
integer performance of A64FX is that e ——
. . i 657.xz_s C/OpenMP 48 8.52 .
o the SIMD rate is low in SPEC CPU/int and = /Op 23.5
SPECspeed®2017_int_base 198 9,07
o the frequency and the O3 resource are
limited for the throughput-oriented e T — — —
. = -Nclang -Ofast -mcpu=a X+sve -11]-no-Ip-relaxed -mj-eval-
architecture of A64FX. concurrent -fsave-optimizagtion-record -ﬁ‘)openmp -let:tJ-Koptpmsg:Z .
CXXOPTIMIZE = -Nclang -Ofast -mcpu=a64fx+sve -ff]-no-fp-relaxed -ffj-
eval-concurrent -fsave-optimization-record -fopenmp -NIst=t -Koptmsg=2
FOPTIMIZE = -Kfast,openmp -Nlst=t -Koptmsg=2

RIK=H



SPEC OMP® 2012

e The performance of A64FX using 48 thread
is about 65% performance of Xeon using 56
thread (28 cores).

Fugaku uses normal mode (2.0GHz) with Fujitsu compiler
tcsds-1.2.30a. For c and c++, clang mode is used.

Xeon is Cisco C240 M5 (Platinum 8280(Cascade Lake),
2.7GHz, 28core x 1chip, hyperthread on (56threads), turbo
on) with icc 19.0.1.

https://www.spec.org/omp2012/results/res2019g2/omp2012-20190313-00172.txt

Reference machine is Sun Fire X4140 (AMD Opteron 2384,
2.7GHz 4core x 2chips)

e For some programs (swim and mgrid),
A64FX brings extremely good performance
due to HBM2.

e For 350.md, performance improvement has
been confirmed by source code tuning, and
we hope that it will be applied by improving
the compiler.

T vang | Theads | AsaPx ] xeon
(omd_____F @ 8 o

@ | ||
R-CCS

350.md 2.63 62.6
351.bwaves F 48 15.5 11.2
352.nab C 48 3.00 12.9
357.bt331 F 48 5.82 16.0
358.botsalgn C 48 5.22 10.5
359.botsspar C 48 3.07 6.83
360.ilbdc F 48 7.69 8.25
362.fma3d F 4.28 11.3
m
367. |mag|ck C 12.2 13.6
371. applu331 F 8.88 14.4
372.smithwa C 48 12.8 11.8
376.Kdtree C++ 48 3.22 9.24
SPECompG_base2012 7.77 12.0



Fugaku System Software Stack ‘Rets

Fugaku Al (DL4Fugaku) Live Data Analytics ~ 3000 Apps
RIKEN: Chainer, PyTorch, TensorFlow, DNNL... Apache Flink. Kibana. ....

supported by Spack

Math Libraries
Fujitsu: BLAS, LAPACK, ScaLAPACK, SSL Il Cloud Software Stack

RIKEN: EigenEXA, KMATH_FFT3D, Batched BLAS, ,,, OpenStack, Kubernetis, NEWT... Open Source

Management Tool
Spack

Compiler and Script Languages
Fortran, C/C++, OpenMP, Java, python, ... Batch Job and Management

(Multiple Compilers supported: Fuijitsu, Arm, GNU System ObjectStore
LLVMICLANG, PG, ...) Hierarchical File System S3 Compatible

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

. . - _ — _ k with simple recompile fro
High-level Prog. Lang. |Domain Spec. Lang. COFf{‘er{t'gS',&aFt,'IO“ File I/0 Virtualization & Container .
XMP FDPS RIKEN VP DTF KVM, Singularity m x86/RHEL environment.
Process/Thread Low Level Communication File 1/O for Hierarchical Storage LLNL Spack automates this.

PIP uTofu, LLC Lustre/LLIO

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

P. 2021/08/26
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System software and Programming models & languages «t&
for “Fugaku”

e Standard programming model is OpenMP (for NUMA node(CMG)) + MPI
Both OpenMPI (by Fujitsu) and MPICH (by Riken) are supported.
4 compilers (Fujitsu, gcc, LLVM/Arm, Cray), OpenMP 4.x is supported.
uTofu low-level comm. APIs for Tofu-D interconnect.
e Container and Virtual machine (KVM, Singularity, ...)
e DL4Fugaku: Al framework for A64FX and Fugaku, used in Chainer, PyTorch, TensorFlow
e Many Open-source software are already ported using Spack

e System software and Programming tools, Math-Libs developed by RIKEN

McKernel: Light-weight Kernel enabling jitter-less environment for large-scale parallel
program execution.

XcalableMP directive-based PGAS Language
FDPS: DLS for Framework for Developing Particle Simulators.
EigenExa: Eigen-value math library for large-scale parallel systems.

!“,Egg 2021/08/26



Performance Tuning for A64FX processor Recs
 HPC-oriented design | Aex | Skylake |

e Small core = Less O3 resources ReOrder Buffer
o (Relatively) Long pipeline

Reservation Station

« 9 cycles for floating point operations ol BT

Physical Vector Register

128 entries

40 entries
. Core has Only L1 cache Store Buffer 24 entries
° High-throughput, but IOng-Iatency AG4FX : https://github.com/fujitsu/A64FX

o Pipeline often stalls
for loops having complex body.

30000

25000

e Compiler optimization (Fujitsu compiler)
. SWP: software pipelining
- ~ 20% speedup in Livermore Kernels
. Automatic and Manual loop fissions

5000

20000

15000

MFLOP / SEC

Performance improvement by SWP in
P Livermore Kernels by Fujitsu compiler
@

RIK=H

1 2 3 4 5 6 7 8 9 10

11 12 13 14 15 16 17 18 19 20 21 22 23 24

224 entries

60 (=10x2+20x2) entries 97 entries
128 (=32 + 96) entries 168 entries

72 entries

56 entries

Skylake : https://en.wikichip.org/wiki/intel/microarchitectures/skylake (server)

B unroll_swp

B unroll_noswp

Kernel #



Evaluation power mode: Boost mode (2.2GHz) & Eco mode (1 SIMD pipeline) il

R-CCS
e Power & Performance of STREAM using Eco e Power & Performance of DGEMM (in
mode Fujitsu Lib) using Boost mode
e The performance is almost the same as that in e Reach to 95% out of peak performance

normal mode (24 threads hits 80% of peak

i o
memory bandwidth e The performance is 10% better than that

iIn normal mode.

e The power increases upto 24 threads. « The power increases by 13.7%

0/,-)EO0 ' ' '
e 15%-25% reduction comparing to that in normal « The power-efficiency decreases by 3.3 %

mode.
Stream
200 1024 DGEMM
I B normal-PW mmboost-PW —e=normal-GF —e—=boost-GF
150 768 3
- = 200 3200
2 5
2100 512-§,D = 150 2400 o
2 £ & 100 1600 9
o L
50 B normal-PW I eco-PW 256% 5 50 800 U]
—e—normal-TP —e—eco-TP .
0 H ENE EN ENE EE EFNE EE EE B® O O O
4 8 12 16 20 24 28 32 36 40 44 48 4 8 16 32 48
# of threads # of threads
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P https://www.r-ccs.riken.jp/fugaku/3d-models/
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432 racks
158,976 nodes

Half exaflops in DP
1 Exaflops in SP!
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RIDSIEEINDES

=R =1 Lt

J—BRDII7E 8 48
YEEFEM (nm) 45 7

7%= D DIEEE(GFLOPS) 16 64 (70) 4(4.4)

J —R¥47=DDitsE. (TFLOPS) 0.128 3.07 (3.37)| 24 (26.4)
J—RDAEV)(> RIE(GB/S) 64 1024

SYOIHIEODD ) —REX 96 384 4

Sw I DEEE(TFLOPS) 12.3| 1180 (1297) 95(105)
SATLRED.) — R 82,944 158,976

S AT LEEE (PFLOPS){EBE 10.6 488 (537)| 42.3 (52.2)

T E] 10.6 977 (1070) | 84.6 (104.4)
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TOP500, HPCG, HPL-AI, Graph500

2020F6 H =
Sy | O BT - P $E24 & DI
J—ra RS weE | c—owe | e OB e (e
TOP500 |152,064 2.2/ 415.53 PF 513.85PF 80.9%| 96% 148.60 PF 2.8
HPCG 138,240 2.2 13.36 PF 467.14 PF 2.9% 87% 2.92 PF 4.6
HPL-Al 126,720 2.0 1.42 EP 1.55EP| 91.3% 80% 0.55 EF 2.5
Graph500| 92,160 2.2| 70.98 Tteps 58% | 23.75 Tteps 3.0

HPCG

o IRITHRENE —RARBNZHIGAACE (conjugate gradient) TXKAZEIZIOT 3 L%Z{ER

% : PR S F D IR T
TOP500
o BITHMRELE LIRAERZLUDHRETRAFI S0 3 A(Linpack)Z{ER

HPL-AI

o EATHRENEN LRHGIENELUDEN DIESEE (BREZ/NER(FPe4). FaEZEa/\E

(FP16))(C&rTRERT 2 T0I 5 L\ ER
Graph500
o JIDRFRRIE

@) | ||
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[EEI2RICLINIFI-ITAMER (6ADBRLDLE) Rets

11
oA sﬁo 118
13.4 : 118 102 950
on 11H 63 2.00
415.5 442.0 Lo 7o 980
TOP500 HPCG HPL-AI Graph500
(BA{YZ : PFLOPS) (BA{SI : PFLOPS) (B4fi7 : EFLOPS) (BAQI : GTEPS)

FENIRDESR ERCTITVT—>23>% £y 77— %08

CTOEREETHh BE = BTz ERe s T D MEREFH

AILIE T D
4 5E 5T

212Xt L T, 3f&DH 5.5 a WL EREE %= 3R
ﬁi?ri%%%computmg Conference (ISC 2020) Z—/(—J>E1— RS>+




VEERE, FEARICRIEIL TSRS IO WRD D DHEREF S

R-CCS
[BE] IC&D ZEABRIBICHITDIIAILAREKBRD

FRAOFIA VRO EREEERE F8 & ZOXF a1
FEm s SEBNFHELCED. $12000H0H BEFIEA. AT HE. ﬁ
L pEERosDS. FEIOFIALI FEE L\ ERRBCELT. 0

1?”'““" DB )BTRS R A FEIOF O LADFEEEE
% "'fﬁa t: BRI ER - BET S, UicREOmi==al-—>32 {EI_

FETU. BRURIIHEET T

(BEARS ; BLEHRT/ RS Y BY #9) e,
(BEARE ; YT/ AEAY 54 &)

E2] ZRAVCHEI0FD(ILX JOFSVIRKRB LURED

=EDF /) fﬁﬁbﬂ‘]ﬁﬁmﬂ
Jﬁlb—yazﬁﬁ
NI« ILAEmMY >/ VOEDT ' :

Eﬂ{ﬁb lm;wﬁ,,—fu :ra%miiﬁ rmmm—
HEEED. BOETIAILADE | _
RIGECEDBES - BRROEBHZE P

EEESTIEETILELT. O
EEoEET (BE] AW
EaFHhFEAETTFATS,

B

HESUISH

RO VS B = 5 kR

{EUBAICR TN S 38R0
(BRERE ; BLPRAN S8 FW) TEIRTD: RmNEE  BCETER R )
FEOF I )V ABEEY VBT FEIOFO1 I ARRAEEREL
IS0 A> MyTFaEstsa ([CB9 3t MG FaRiT
TN SFRIOF A L ABES ) FRIOFIALADBEMEETE 3
> gt "‘ \ '_' ~ =ICHT S IS A Ry FEE SRV URERERFICDWT. 25 3
[ e, W sEErenCREL. BE0E ©E—TLAZAVERITEREL. X
LT 4 R 7S, JEO S EaL—33 VL BEELY e et
ROMEECFERERAET . SERWF - L PO
(FREBUFERE ; UBRF =R &E) (BBAES  RRERERAY 25 18)

ﬁ 2021/08/26

RIK=H




Bl ([CXB3MBIOT VA IVADERZEIEHERIE wets

[EEIERVENFIIIL—YaY CrrErn
(MD5t5 : DFBHEEHE) C&D —

2,128 DR FEREMmOPHS ¥ - : ¢ :-’ rﬁ“ *ﬂ‘; ::f § %

0791 I ADIEFECEET 350 5 ¢ 3 { E 1 1D;:‘ :f i gﬁ

S INIEICFRY HiaFERIRB IR
93

%ﬁﬁ”j O3 D1 )L ADIEE (L_F;e'ﬂLﬁ'é/S’ /} \U’f"f



A—=)\—>E1—4 [EE] TOFvL>> S
DR IINIBICEDEISICERTEHE EEmMBEAFETE.. Z{DILSIEFHEDHS. T>
A NNOBEEEDULRDSETE (MDEtE) /WEBICREES I EESNZIERIZIVENHD

&

=i TH1000iEFADIESWICHTS, 5>
NIBLDFEEDSZIL—302KRTS

. BTN, #ERDORE
S = — L BRETSOILAMORANHETES LS
IXfo0P0> 2l ~SIVBEIRITHI0ER § (-1 3¢ ERICEERT 3 ERIDBINICHERTES




PEHY LTI IWERNARNIAS—E (RARp) EDERDERF &




[EElcLd & -I7OYNVBERSZIL—-33Y R

BE (CH T BIERSNREN, $iF 1 O3 (C3E 3 EER

Time: 0.05s

. N - ;4 . = s 9 - - "
o A B o X o X Dl ; "
AR s . % A S, ‘.173.._ ol M e B
. ” ‘4-‘_‘-: ._”_'!J < L S, oy o P -&3-;;;__ S
3 N | 5—: SUFEY 2o w28 Wi S ) Ny 0 .

ERINBEEERZEFEAUVESHKES S1L—>32(CLDH
FHRT—H DIRRERFDRR BEIC K DRKROEPAE

HBICHT SRFBROIE UWVEIEL DT g RSB EEER L DE(C KD
DEsFE A RS A > DREUE
TLE - S 300fF, M 1 275(F A — S S+ ITRRDHDAEZER LIS
DI TEE : 1150fF Zal—> 3 REEMR (WEER)

P. 2021/08/26
RIKEN



9000

8000

7000

6000

5000

4000

3000

2000

1000

0

o

J>Y—bMR—=ILTDURD

Time: 0.05s

AT A XATDIN=F 123> DR

[EEIEISIERETELERE - BiR - BT — AT

Time=0

BOZ—RTHY Rl R

BIEEE TOMRIER
Time: 0.000000

ARZEHEAI DIRRZR

BEEBENTORERMIHAKOHR

Ventilation

%? J ) gg <,
...................
© © © © © © © © ©
N\ N\ > N\ \ \ N > X
%% %) ™ < © A\ D &) Q
202 @%\/26 6\9\ 0'19\ @9\ @9\ @9\ @9\ 0'19\ ,\9\\’
k Vv v ) Vv Vv Vv Vv I&

R-CCS
LA RIDRE ZEYRIDHR
FIRDY—SvILT 4 AR
HASATIETORFIRE
& Time: 0.0 i
I .
R (A TOI 7 IARTKDINR
Time=1.0
© © © © © © ©
> N N N N N N
A\ A\ 6\:\’ < 0’1’\/ Q,\/'\, &
R\ SV S S S S S




@) | ||
R-CCS

EmA\DHAfFE
CNDBEDANT> DERE



BEETCOD7IVr—33> e
o IRTII SATL2METRICHTEZSD (capability)ZzBIEELTWE

o EETIE. RTEIIAT UM REIFICEIDTENTERD D EXRIRUET IV EEN
+HhoBBE AT ZRFICEID T ENTESDLSICRD. (capacity)

o EEDRIZEDIATLTIE. LWAVART—X%ZEH U THDEN KLY

ERDFE
. S37L-Save e BE
— cd = ('S
/\ ~ / g g5 -0
7 — S ORME 1 1
T,
W&Eﬂb\k BHROTH / vﬂﬁﬁ%ﬂbm
® AI&Z’" ?5‘:':%&3"5 ! I8 i | A W, f“fr{’ °J<2J+:’+
ylil += ALIG] * =[]
<& 4 ORIFE>
XBEEDIR—LR=TKD  http://www. ‘ FLoEx | | 7-s0iER
EEIOFES
mext.go.jp/b_menu/shingi/chousa/shinkou/ E———-— BROT=
020/shiryo/ _icsFiles/afieldfile/2018/09/18/ > T—ARFE <
=2 2021/08/26

RIK=H


http://www.mext.go.jp/b_menu/shingi/chousa/shinkou/020/shiryo/__icsFiles/afieldfile/2018/09/18/1409147_4_1.pdf

Al (F4=05—=%) &iE?

o TA—JT—==2V1%, RTE. AIOEFREBOTVRSE. ZIEBO=1—-JI1Y b

V—D&EOIT1—IZ1—-3Nx*YyhI—% (DNN) ZRBWVWEFE

O
R-CCS

e FH(training)¢(d. [SFYITRA (TvY) 1DEEERDDIIEHE ENE{ESEIE

ZHesm (inference)é&l\S,

o +RBF—HBHHNIE, AMOHRUICHEIRI EIBMICT — D 545 87%
N3O TEEINTUS,
A0 D& H 0O
(ADRE) (plafE) (O

https://internet.watch.impress.co.jp/img/iw/docs/1138/111/html/ai01-01.jpg.html

' @ 2021/08/26
RIK=N

U


https://internet.watch.impress.co.jp/img/iw/docs/1138/111/html/ai01-01.jpg.html

2021/0

8/26

ANAVEAL(TA—D - T—=2%) G

o TA—=T5—ZVUTIE. KEDN—HFV&FZHMAFET, [FBIT54
ENHIdlc. REDFHENMBE,
o 7IUZLICHIDFEB N BE

~—
AN PGPUNNKE,

e BRI, TA-TF-ZVVDFEDIHDREEFRILIIHDHHS.
o ¥t TA—=T 35—V DZ1-SWNRY NI —INKEBRB AT NIBH 6



$21L—-2aY¢AL (FA4—D0-3—22%) OBER

o RIFHTEHEEAL (51—T-F—=9)

o RFRAIDMDBETEDRNDDIC, HEHIUHEBZLTH
WeT4—T 53— TEXERDHD

o T4—=-F=Z2Jk BAALEZAZHIEIT
HOC, FILLWEZANHEIDITRBRVDOTER !

o FEDT—INEBORWMBERIC. 21 —-23aYUE
fasR e FAlCESCENHIFENTVS,

2021/08/26

O
R-CCS



HFEZIRDIRDT RCs

e EERSEDIAMHANIGEN., BRI OSIIMNTHBFLAGSHIP2020
JO0S1IMIMEERTRTUEVE.

e JOTIVMD3IDDODBELEVTEEUE. OFBHMRICEBNESATA. Q51HEH
F7IUr—=33 TOHRERIRVWYATA, @Z{DI1-Y—[CEVWPTVIATA.
[EOWTIHERTEoTRBVWHIERALTVETD,

¢ IFCDICOWTIZ. MR DERBEE30-40MWESRTELFURD. ERICIEYaT

FIEE70% (RBRICEDSVWHITITCEDN TS DEIS) T, 20MWiaTiE
CERINTLIEY,

o 1¥£W00penMPtMPI'C swikEhizo0J3ATHNE, 1EEIZDTOY T AIC
&OT HBAEDHEHBWVWEDEHDEITH, HBITIETEIIATALBOTVET,

o ZIZU. B4 OTJOvY - 7 (FEEI{ENDNTVLAN/IO0J 0y ERIEE D4R,
HEKIFBEEBHDEHISEVSSVWTI DT, BRICOMICE NS TOT 3 LA %ZENR
WEWFRODIZLODETEHDFEAD

' @ 2021/08/26
RIK=N




XBEEDEET S REIDIMERIDEDC, —i%RREIC40%EE. EFXRFIA

[E&E1ZEVzWSIK--- RLCs

e SENDFIA (https://www.mext.go.jp/content/20200701-
mxt_jyohoka01-000008742_3.pdf) [Cld. SRR RiADSiEEE

[C15%%=EE. EIDITENTULEY,

o CHO—H%ERRAT (3 £F 2 EIDASF(C L3214

10/—Ri51 5 K5E) 2

CHIAT. 10/ ./)—F-BE (OFD

IFIRCHNIE, [1HENEIREE I

ED/INURDETE

ITRIERE U THERFERLIADCED TEE Y



=35 Bt
= RN v s i
EE%%EE

R DEER

3'—-% E“QQJJE.%HﬁE! éjf,!
ERES)

v FEOEMORE

ERFIARE

rabti
NV TFAD 20

A5G - FIAICEAT S
FAQ

SRRADIERADEE - FEelFRULEFET,

R4 (77)
—E - EF R

= F| FHEREE

HEDEM

—ARERER
EFFRE

(S5 —ARREEE
S5 EERENEE
=5 —ERTRE
25 —REESRE

[EE] —REFITEERSE

HPCIZXAA +L —=(HBE)
FI AT ERE

[EE] EXHINRE
[EE] EXHTHRE
[EE] EXHERE

[EE] EXGTHRERE

SERE FAEDEE - B8
EFEE HPCIZ AT AZFRAT 2 —HPLAHAREEZTIRET IHAFRRE
THEE FARBER TR TOHBEEMTORRE

NRIETEE SN, #BERNRFARCEIDRBORILTIESRE
EFFAAMBERTI9RmUT OIAENMTORE

MEEE 7T U —2 3 nEfPRir i mE ST T 258
MBS FEL TV AT EVICLZABEEELZEBEICTERT ZHRE

[EE] AROBHESUCERZITOIVRELRERZFIHET 3FE
(FPTVT—2 3> oEfFEEI R EEETFEE S 0)

BIZ1T0RET, T—YEHRETHAL. TEBRZOESH
([CHIFAT S5R=E

SIS =1l —2 3 VOB - RN ZEHOERRET
ESHI;

HEESE JEETEG SN, SENRFARCLDRRORILZEDERE
fEEESE 77U — 3 > oBfPRiE s HEE HiT T 23R8
HEEE EXFICLEFHZERELCREICTERYT 557E

EEFRCLHFBZEELL. TEE] AROBRIDLUERET
fEEESE S/NRELERZAATIRE(FITUT -3 »OEERII T
L ST S )

=S

HEESE

=S

EFESE



CNHS5DANT> DRE Rets
o ENDIRF
o TN EOMRERHSEHICIRENEIECTRENHDN . BANRR

o KE (FEH) ORINIVIFANINEEZEEIBHOTEAH (GPURE) ZEL. BHZZIER(LLTULBH,
IARTOFIVHIETERN D, TOV S LAZEZTHRZROEVNTRO,

o ANV DERICHEREEFHIFMOIRADIEHEETNTNS
o [LA—TIDEBIDIRE. [IRAMA—T]1. FTFRT/I\A R
o STERIENRER? = EFIE1—FT1)?

o BV —Hiiti P AL L DRSS

o LERMIARZVSIZ1L—230%(SADT —AEFRITTERLICRDDT, T —FDUIET —HIRED
RS NE
o AILLVDFRIZATHIZ. HBWNFAIEVIFRTZRETE Il

' @ 2021/08/26
RIK=N



	スライド番号 1
	スーパーコンピュータ「富岳」 (2021 ～　）�
	どこにあるのか？
	スライド番号 4
	科学の３本柱としての計算科学
	計算科学の重要性：何に役立つのか
	計算機を早くする方法
	コンピュータを速くするには、…
	コンピュータを速くするには、…
	コンピュータを速くするには、…
	並列計算とは？�なぜ、早くなるのか？
	4つのコンピュータで1000個の数を足す場合…
	4つのコンピュータで1000個の数を足す場合…
	なぜ「スパコン」は速いのでしょうか？
	スライド番号 15
	スパコンで何が出来るの？
	コンピュータのはじまりは？
	例えば、…
	数値予報（天気予報）の場合は…
	熱伝導問題の場合
	スライド番号 21
	各メッシュの点で、物理量を計算して天気を予測
	リチャードソンの夢
	スライド番号 24
	スライド番号 25
	スライド番号 26
	インフルエンザウイルスの働き
	病気の原因となるたんぱく質と薬の�　　　　　ドッキングシミュレーション
	スライド番号 29
	スパコンは役にたつのか…
	スライド番号 31
	スライド番号 32
	スライド番号 33
	スライド番号 34
	スライド番号 35
	「京」と最新鋭気象レーダを組み合わせたゲリラ豪雨予測�　
	「京」が拓いたHPC-CAE（風洞実験主体からスパコン活用設計へ）　
	「京」から「富岳」へ
	その前に、そもそもコンピュータの性能はどうやって測るのか
	そもそも、コンピュータの性能はどうやって測るの？
	そもそも、コンピュータの性能はどうやって測るの？
	スライド番号 42
	スライド番号 43
	スライド番号 44
	「京」から「富岳」へ
	フラッグシップ2020プロジェクト
	名前が「富岳」に決まりました！（2019年5月）
	FLAGSHIP 2020 プロジェクトにおける開発目標
	Codesign of “Fugaku”
	Overview of “Fugaku”� and A64FX processor
	Supercomputer “Fugaku” and A64FX processor�
	Die Photograph of A64FX processor
	Comparison of Die-size 
	Performance of A64FX processor
	Benchmark result of CloverLeaf
	Performance and Power-efficiency of HPC OSS
	LULESH
	SPEC CPU🄬 2017 integer Speed
	SPEC OMP® 2012
	Summary of A64FX performance characteristics
	System software overview of “Fugaku”
	Fugaku System Software Stack
	System software and Programming models & languages for “Fugaku”
	Performance Tuning for A64FX processor
	Evaluation power mode: Boost mode (2.2GHz) & Eco mode (1 SIMD pipeline)
	スーパーコンピュータ「富岳」�
	「京」から「富岳」への進歩
	TOP500, HPCG, HPL-AI, Graph500
	「富岳」全系によるベンチマークテスト結果（6月の結果との比較）　　
	昨年度、共用前に前倒しで実施されたコロナ対策のための計算科学
	スライド番号 71
	スライド番号 72
	スライド番号 73
	「富岳」による飛沫・エアロゾル感染シミュレーション
	「富岳」だからこそ対応できた高精度・高速・多ケース解析
	富岳への期待と�これからのスパコンの課題
	富岳でのアプリケーション
	スパコンとAIの関係
	AI（ディープラーニング）とは？
	スパコンとAI(ディープ・ラーニング）
	シミュレーションとAI (ディープ・ラーニング）の関係
	開発を振り返って
	「富岳」を使いたい方は…
	スライド番号 84
	これからのスパコンの課題
	ご清聴　ありがとうございました。



