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nal l ience Development of Integrated Simulation
Ze( Systems for Hazards and Disasters
Caused by Earthquakes and Tsunamis

The Institute of Medical Science, The University of Tokyo
and 4 other institutions

Earthquake Research Institute, The University of Tokyo
and 4 other institutions
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Advancement of Meteorological
and Global Environmental Predictions
Utilizing Observational “Big Data”

JAMSTEC and 5 other institutions
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RIKEN Quantitative Biology Center i
and 6 other institutions #
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R&D and applications development
in areas involving social & scientific
priority issues to be tackled by
using post-K computer
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Elucidation of
the Fundamental Laws
and Evolution of the Universe

Center for Computational Sciences, University of Tsukuba
and 10 other institutions
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Development of
New Fundamental Technologies for
High-Efficiency Energy Creation,
onversion/Storage and Use

Institute for Molecular Science,
National Institute of Natural Sciences
and 8 other institutions
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Development of Innovative Design and
Production Processes that Lead
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Accelerated Development of

the Way for the Manufacturing Industry rtROEREEXZD Innovative Clean Energy Systems
in the Near Future BTN A -SERAEO8IE School of Engineering, The University of Tokyo
Institute of Industrial Science, The University of Tokyo WEAPRIEE R (36088 and 11 other institutions

and 7 other institutions .
Creation of New Functional Devices

and High-Performance Materials
to Support Next-Generation Industries

The Institute for Solid State Physics, The University of Tokyo
and 9 other institutions
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Development of Integrated Simulation
Systems for Hazards and Disasters
Caused by Earthquakes and Tsunamis

Earthquake Research Institute, The University of Tokyo
and 4 other institutions

K-computer (RIKEN)
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« 152K-computer-node parallel scalable implicit solver for dynamic
nonlinear earthquake simulationdigital twin city (Ichimura et al., 2021)
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« Fast scalable implicit solver with convergence of physics-based
simulation & data-driven learning: toward high-fidelity simulation
with digital twin city
« SC20 research poster(Caccept (Ichimura, Fujita et al.)
« A Fast Scalable Iterative Implicit Solver with Green's function-based

Neural Networks
« SC20 the 11th Workshop on Latest Advances in Scalable Algorithms for
Large-Scale Systems(Caccept (Ichimura, Fujita et al.)
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" (b) Underground structure

(Ichimura, et I., SC15 Gordon Bell Finalist)
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(d) Optimization with observation data

(Ichimura, et al., SC20 Technical Poster)
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Complex response on
ground surface due to
underground structure

(c) Snapshots of norm of displacement

computed
actual

Medium ground laye

Hard ground layer

Before optimization Optimized model

(a) Overview of city model
(d) Optimization with observation data
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(Ichimura, Fujita, et al., SC20 Technical Poster)
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(a) Overview of city model

(Ichimura, et al., SC15 Gordon Bell Finalist) @ Cpimesion i hesnatonce

oL 4 = | s — (Ichimura, et al., SC20 Technical Poster)
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iii) Seismic response of city
cit ki |
i Buildings t=15s - .
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Underground structures Whole domain S :

Underground passage
with mesh wsuallzed

Surface soil

E;ﬁwﬂg & < A > Underground structure
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o : 4 Close-up view of the city | » W4
- _ g A2 0.125m to 64m 3,240(8 B Ichimura et al. (2021)
L —[BEI2R (FaVE1—420#11 000D Bkt HEER) 19




(3) EEIEDRELRUAENTESHLHEHED
(RAFEUEFZI VI —<3 > Dk - BRICEAY SHUH)

. BEHEY (BEELILDSATISY) CHDIRE - TAOEBREN, H
DIRTE & [l U AMEEIRESR 0~ RO FIBEES )L &ML CEE CAREHE
NTEBHEHEBEL . TECHAELRIMEREERT UL LT, BELT
DEH B BARERE TR
« INEWATU CEFMFHAERIB CED DY MiESFHROIEAZHINT, AERGRRE
RTR(IC, BOWEERE CERASNEEI - FEHBEOMTREET L. =5(C(EHBED
Ek=>=a2 L —%4 (ES4) &. EENEHFPEEMFR CTERTEDILDICTD.
« ZNICKD, BEBEBEILZURICULREPIERRE, R (CHEBIRET (C. AREFERE
THEULZ7ZTUT—2 3> RN (OER SN D X DIRMLHEAZEET D,

20

#Ek=>=3 1L —% (ES4)



¥ & DiEE - E-wave FEMO1—HA1 >4
JdJ1—AE{\ - F1— MU 7)) Ejt

» Linux3sE £ TE-wave FEMZLEEMES (CEIDRA D
K DIRETEIRIZZ1BE
- SEFFRRFEEEFIE O EY -/ (TUTOTEXH)
ERRAF Oakforest-PACS E(CFIFHBEL. RETE
=21 - ESANCEREH

« I—YRANYZ17ILOEE EEE
° SHBHD HF N\ : : . : . | - e
jﬁﬁ%g?@t ¥§/§1%% (‘: Ii’ﬁ%%%@%iﬁ( Fai—-hk WEBSEVATALIZEAFa1— T ILDER
- BEBEHDETE i/‘ﬂiﬂji1§ﬁﬁ L CEIDHIERE L I2sddD) \> e
AL —Z20 f
« BENSDT 1 — R\ OZEIRIE (CRIRF
- IRENRAGEBIBETCDOETIULET

nnnnnnnnnn

o FEERAZHBARIGE (SHE & OH BT & FEE
(RRHX - REBFHET)

BiEPOL——FH<T=a7I



PE(C & DHEENHEOEMICET T

s BEEEE (L, (BEDI—HI(TELT LY
IRIE OB 7 g L/7Z_o il fll O ~>_>7°)I/
IRERBEZIND CE&EZ7BTE UTCERET
EEHO>TULV,

« SEE (L, J-SHIST —HNX—IPEE—RX
mTﬁL{;wma@ﬁgm 25— 9%@
DAGPTNESC. FRRGET

— ~UTZ
. 10/5(¢7y J5—bMUREIE(ICEAT B Fa1— NJFIILTOPIBETHERNSRE U
9:1 I\ IJ 77) bj& géjjﬂ_]. 3RTAE B FEBEDOEREREST L.

EPH180km. mIt150km. #HRES50km®D
« STEE L rh((_jg\(j—C,E\ﬁ:E’]rd\Fnﬁﬁﬁgﬁﬁ PRIIC330D/E (BN THERIKERE 1) H

\. JEIED \ S13DWENTLR 3 IRTT AT EHIAS - A -
%}T L_I_ ljéj: ;jt%d)jj_ A b |_ == EJ C O)j( HMTFBEEST )L ZEBE, SFEASUCICHT
BT B Z X 1E *%LIﬁiﬁ(iﬁ)ﬁ“‘ﬁﬁﬂb\bd)}%ﬁi\




REROFFEAZSCMDIOS T I EDiEE

BES [EXERDIZOHDNATOFFTICLD

R

MRS A —

SUOFEORFEE TDE

(H30-R4)

HRiEIE

HEINEFEZ
IR R IR RRE (CE
HTE3LDOKM
1=Lle

YA I XTDEA

ST - B FRIOMTITIRFERF

EA |

JAMSTSEC Y+ MuEEFHET O

H# 38 H A
SHPC- AL EEREL . [ E | DMAEE I HTFEMY L/ A— DR (B—La—FBASE: SRR (i - E)

T BAXEESEFEMY LN — |

71 RAMBED

F—<2: HER T B F—23: & B
| |

SHERIEE. REAEBFED

& LEHARICH 1T D IR

OHERAE WREBTFEOBRLER |
| IR £ D BRLER

RFEEER

EEED

£EIHTE  EOEESH fx . BT _XAFI-FHRE XTSI
LAY | LA ) RAES (T4 -EE) HAHRK R B
E : A s ————————

KU HAHF - RRERFBE SR = & DiEE DEMA:
INEESH % RARED | R CEIETEITTCNY o o R s

AR SR k E- g H AT RIZ2 =T EDEHE )

HEHEBRDYAIVRAIAZIAZTATD; Eﬁﬁ ‘= . .
D EOREHERE OB HARROBHHETA~OEM

AT HFBF20E WEN i "o ok B B

RIEERER - BB XH A ERE

HERMR 50 HR @ HEHERT RAREE-HA

Tk

2pEER/\NO> (ES4) Z/EAL. EBELFAFD
ETEANTEDTSY b I A —AZBEICIRM

2B L COHRER
E%ﬂ%ﬂ

HEBFR EOEE
#Hmic e =zal—>3>



JAMSTEC Y- Mil=E)5F4iiP3

£ 2EEX/)\J> (ES4) =
sERALU. EOEE ERSEDET
BN TEBZ TSV N IA—A

HER DIHFTP
2FUADIEE

JAMSTEC

wIPEZE (TR 4"/7511;‘%,-,{1&‘5'\11%35
s EENETOTS AR TEREHIAGUL
JEEGEE U CESD D

- EOHWEETE CTEASNSEEHI
EHEEI—-RETY - IR MNMRIR
D (FEFRTURZ KU)

« EICA-YSA XN TEETE
TV ERATE I REERm (WXt
(RABHDER) A

<~
NAMR 4DVE

HEETVURINY 4RIk
* E-wave FEM o HREETRT—HN—2

. 2RF—HD
EREETOIS 4




Do O> 10 b EDiER

BrXRICET SR hS IMRATMRI OS> T I ~ (R2-R6)
REM MBS ET)LERVEEAMERRIG COERS - 3D DORIRIERE
EHBTRDIZHDFHRIF

iﬂziﬂ#?"\%ﬁﬁd)ﬂﬂﬁ& TFEETETIL-RRINEBERE
BEDBREXZKEAT-HE TR

BE7E - 9 NYRREDRZEREEEDHE

B ﬂﬂ'F*%xad):ET)bb\ﬁﬁ(%
BRIZ=RITHIZFHE)

BR M TREDCBRSOTL—MER LS, 52 ik
BEDBEWEHSIUIHEDHRAE RSN TL

730N

- =RTAHEMTEBEETILE
Y EETILCOEE T RYDHEE ERakiubslC AN VDD, HEEFEEMEDEETT
CFDHEEREAEENICTMTIFE TR E Mt S H-BRT YD HNRH#E
EEAR o EEHEHER

1100 km 1100 kmx
2500 ey 2500 1

B Land Sediment etc. @ Crust [l Mantle

; — Estimated SDR
g 0.05m/yr




Do O> 10 b EDiER

HRAEZFHZESE (A)Slow to Fast =% (R2-R6)
RO—MENSZEOMEE T, MBEVWSHERERLEL 5%, E<ERUFAT B2 OM3EHE

BO3 EFLFME

2016-2020 W IR HO T - R IB R IR R O ME TR

| ABHRE . A02: RS
=3t

Slow-to-Fast RILF A7 —ILETIL

ORIWFRT—IWNETIT OF 510k &:1713

HPCZ#7—EFETFIL FUREELE - FRETIL
HRROETIL ST TINAALTFH J\EIILFX
= r—JLIRKRD
—R @ETV I DI-H DRI -T—FE(E  HPCRIA. 7 — %6 RPN
EBEER

N EECLOGHETEZEDTERL
YAIORI—TyhE, ZMEE
[Slow to Fastﬂi’,aﬁijkw,\ﬂﬁﬁ%

[CHEDNWTIRE

DBHR H

ﬁﬁﬂid) HER

{ FLLSHADEE J

XEtA-AILBE. - TOJ I MERICK SRR PNCES &N )




EDZAVWCAKRER=ZI/O0FR> 1 L—>3 > D%RE

Large scale physics based

disaster simulations

‘Damage

Economic simulator with 1:1 scale model
of Japanese economyv(127M agents

Losses, repair

.ﬂi— indexes
of each

PACT

costs, etc, of
each economic

i building

10 years data
of 1.4 million
Japanese firms

entity

Machine
learning modet

Disia.s-tcr stfuclf area ..I. .:
Iy
\ g
p S A

for firm agents

Progress of national economy

/

Real output

GDP, GVA, ...

AH

— Each firm’s economic progress
Profit, capital, .. of firm#1

https://www.eri.u-tokyo.ac.jp/cshpc/& D

[RIWVFI—SI2 MEFIICEDLK . RERO2E
RIROXFRR=IOOFF> 2L —>3 > ] OEEER

Zd IHTHED., REPITREELZWVWEEZXATWNS


https://www.eri.u-tokyo.ac.jp/cshpc/

e Ial—i gy

ZELHRT 4 . s
A T—4RH N W S N
e X i A Y e T””" A~ —Stke
oy | ) p—
sy R %R
- EEHRT -4 |TBDB
. GISTF—4 :E:’)'lU‘/_? T—%5
- @EtcADR [T YT
- ETEAELT etc, | (177D S i
- EREE - T l e —
LU l R P
el T ' e
- 1@ etc. = . %}\(
HhgRETiE REE 7 R A“{' $E T
° gﬁ% P IO S <) : 4 =
R NE L arosonszsmonn: IESY AT L
ZTOREE, TNEXZ DB, - N
\/ BREREE REZMNICER A Ll SRR
WS HIAD LY FUL
ELR@ET—HPF EEMIRY |1 jzoee
IR T A JRUEE
i HAMRRIE

[AAEAD I ATRICE TR GBE, B, AID/NSXOEN =B Z kR D
AFE), MRAGELILDVIDRIEDHEE.

TRAEAS I V3ab—YavifiBIcky, REtOABEALIXMER, TNIZKDER

FsaBEE T2

alb—i 3y

[y i
i i1
b s

D
£ADAL, (VISREOTFURAHLLMABORE, REKEISLZELLSUTIRIE wr I || BEEITRE
D HEHE . —I| B3
-" S _3,9° LTI YRA - - _ e . - B
@ IACEOS21L-YURIMREE  apiRe®  IES (WEETIL) HaFs [IHfREa) £

o MEROZFEREICEE
DUWWTITHN TS
WEFHZ, >=1
L—>3>(CHEED
<RIz (CEIBRYR
FACESHRR B
SHOEHHIC £
=1L —=3 > i
DORFENMEA TLD

« YIERISIETIFT

x<, ¥ILFI—
=T > N CTOREEED
TadD [BE] TD
RFE =L —
> 3> ERAFENES
S5NTW3


https://cityscalekobe.jp/wp-content/uploads/2021/02/飯塚敦：IES（神戸モデル）社会実装「技術研究組合」.pdf
https://cityscalekobe.jp/wp-content/uploads/2021/02/飯塚敦：IES（神戸モデル）社会実装「技術研究組合」.pdf

REROFFEAZSCMDIOS T I EDiEE

BES [RESSERRODI=bDANT ORRATIC £ B JAMSTSEC U1 MBZBEHE OIS T2

JR
i = \\\\ .
R X — 22 DFEDRFE L TOEA | 2BER/CI (ES4) &EML. EOBEEFED
(H30-R4) SHENTEBTSY b T — LEREICHRM
HIFRIBIGHETE - HERS TRIDIRTIT /R TFEMFE
MR SNICF L= 2 [EE L TOHEER
=
IR IR (O RBER BARBEEFEMY L S — E%ﬂﬁﬁ/\
HTEZ3LDO K OHPC- A TEBEEL . [HE | DIHAEASIZHMTFEMY L N—DBIS (P Aa—FBIR: SUCRES (hi - mE) )
=l TX1EAMBEY | || F—32 HREE || [ 7-<3 ammEmE |
SEREE REMLRDTAO | ewEnt wEEHTAOMELER | SEELEICSTLERMBE
RSB KIVE T 5% D BSE L
£EICHTE  EOERHH fkiﬁ’fiﬂ'% BT -NABI-FHE pxrn ) SR DRI
B Tl 1 N ETTY TIVED TDRELLENE Bt i
. pEmae | snamee (BXHEMRES 0L ) yo ;EI%% HOBERE 0
KAkEH KERZ k E- ¥ -HAI ROZ2=FTLDEE j
HRRROY (X A03a=7 COER ju  EORBRESEOER HERROBTEET HADER
PRI R S48 2 EIEE)}R COSHAERTSE - PRI FR

SUSRE A R A0
b U R e

Et ’ MERNTES T —S 5>

YA I XTDEA




RIVFRT=) - TSI 1 EFINE

HEEEHREMN L (B&X2IBHE) OBAXREESREREREHFHTOREIR
(SC14 - 15 - 18GordonBell Finalist: HifIZu% @3 AKHER)

BRI —)LDIGHEBEBIENSMIT S ADEIRBIE. BTHOIENHSIHLEE - BEYIODEMFETZS — AL XI(C
IS MR, =5(C. VIL\—DOEFRIEADAIDERIR EHPC+AIDiFF.

#HRT—)L (~1km)

Underground
structure

HHEBTEXT—IL (~10km) =

39 56 .

_ Buildings

5']%1’7 JL (#%1,000km)

' ~ Soft ground layer

“Medium ground layer
Hard ground layer

Pacific SOISEIRE - 180EEROUR b

Plate L LS MEEERITER 4
(BB A A 5m) v
T=15s. 7

200B NDBERRES S [ —2 3>

X Philippine
Sea Plate

a) Overview of city model

$

BEMAT—)L (~100m)

HRZIBIS o 2CE
- H U /2328, 0565RDIBIEITE
133,609, 3658358 HE -
33,212,898,352BRDMBEETILICELD
HRECERER (R BRYAX: 1m)

IRDATY

cJAD—RE=ZaL—>3>hsr7—4RE1IEAN
- EF)LDETEOEENRRMERT - BERREDTEZL




