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Wisteria/BDEC-01 A—/A—avEa1—4L AT L FIRAEHEER (20235481 8)

BIRSE (BEA) I
R K AR e FARIBRE 5%
1 it
— A B 1 okl *?WL:;E /
(EE LR 90,000 F S Y
Wisteria—0/A (8,640 k—2o>) Jhome 50GB
A1 4kl # o35,
| s ey I 21 EUhSY | AN 12 7 AORE:H
ABHEI=LEHL 90,000 [ 108,000 /work 2T8 —o &
Wisteria-0 o, IO FIFAE HY (FIRSRAIE 1~ B BT
: - ’ - /home 50GB o)
BHiA 1 yhHy
1 kil 1 Akl
DEHECEDEA k1 EyhAY i1 evh5Y /work 6TB
Wisteria—A 270,000 4 324,000 3 FIAELY
(25920 b—%) (25,920 b—92) /home 50GB
FIFAM 12 hADEEE-+
GPUBARIA | A 1GPU-vhY | BIA 1GPU wubyy | T ICPUEYRAY [ o E .
. /work 6TB (FIFREARSIZ 1 ¥ BEET
(AEHIEDRIAT) 364,500 [ 437,400 M o i
Wisteria-A (25,920 k—4>) (25920 k—5>) RIS HEE)
’ ' /home 50GB 1,2, 4GPU D& F5A T,
FIABGIITRSE
FIFALAR 12 hBDEEE-+
J—KREIE /work 48TB —JvE
ampigosam | LSS0 SEI0R FIRE %Y (RIFMRIE 1~ A AT
Wisteria-A ' - : - /home 50GB BET)
1 ybDH AT
—fgEAA 7500 F /work 2 TB
(/M vbh) (720' h—s2) FMAZEZY FIAHMEIELREERET
Wisteria—O/A /home 50 GB
. 7,500 A 9,000 [
bV EEm (720 b—52) (720 b—52)

TARYBEEM

6,480 .7 (1TB*4)

1TB BA{I THIAT
(/work D& )

¥Wisteria/BDEC-01 [ZHWTIE/ A=Y FILI—RETIL—TA—RDRHZEREILL, ChETO/A—YFILa—R [E—HRHA

IT#E&LT=.

HWisteria—0 Db—22HEZREE 1.00 (1 /—FHY) |, Wisteria-A Db— > HEFZ ST 3.00 1GPU HWY)TH B,
Wisteria—O [Zh—22 SHE RS 1.50 O/—REELEFIRARDELAD 15%2EHR TS,
HKWisteria—0 O 1 3T THIRATIEEL R K/ —R T 2,304 /—FK, Wisteria-A O 1 a7 THAAIEEL R K GPU #(% 64GPU
XIEM ORI/ ET IV 8, BITLEDaTO/—FEREE IS GPU BRBLHEZRBICEL TR —oUhEESN D,
ftELIb—=ou(E, FIAENICLENERTEDILEZRIATHED T,
b=V EFIRHIERICRYEDEL, MAKRTRICEENHDISE THREBEOFAEESOREXTHAEL,
KOFHNEICLDHALAH, /—FEEDHLAHZIIEEEZET 5,
X/home DTARIBRIFERDY IIL—TIZFIBLTWAISETHRIAE HY 50GB BXE.,

XGPU EHEADHAES
GPUH | =YV E | K- NHHE% %
1 25,920 364,500 437,400 [
2 51,840 729,000 [ 874,800 [
4 103,680 1,458,000 [ | 1,749,600 M

AREHE

EAY S,

—D)EBRIHL,

- TREERIOBRLAHICIE, SEFMARAERAERORUBLUVERZET S,
- PRSI FARGANSKRT AOKRBFEEY—ERRIERETET S, FIALBNICHERFAZPIELBETH
THRARESBEOERITHEN, FEQORPTHARKF IR T IZBEEOREEBEALRIFIAGEER (Web R

TRZ- N AREE IZKRE, BEEMPERRVUREXARAFIAKE XHHUFEAREORITBEAN, FHRRVFIIRE
ZEMET HER TS A HFRLSFES HME, BRI EEN IR REMUNE O AEZ T TEMAREITIBIC

- AEDRAREEREIARELIFORABTHY, R/NEIMIDNTIE Web R—CESRBIZIL,

- FIRRERE RAELTHARBAIZIEE, UTORIC—HELTERT S,
- FARBAN 4 ANS 9 AETIF12A, 10 AAB 12 AFETIE2 A, 1 AAB3 AETIE3 A,
- BIEERICERRRAZLISCOWTE, FARKAICEDLLSY, 11 ADEREES,

- FIRRESEARELGDIERIITELL,

- TARVER, FIL—T2E0LRETHS,




R—N—aAvEa1—48LRT L D3TISRHIRE

Wisteria/BDEC-01 R—/\—a E 1—4L X T L (Wisteria=0) P37 95X HIMR{E(2022 £ 8 A 2 A)

. J—F#ixe2 il BR B A AE—BE . DNETHIE
FaEx (BAITE) EBER) | (GB)%s BEL | s pe

debug-o 1~ 144 (6,912) 30 7 28 O ©)
short-o 1~ 72 (3,456) 8 BFfE 28 (@] O
(regular-o)

small-o 1~ 144 (6,912) 48 BERE 28 (@] O
medium-o 145 ~ 576  (27,648) " " O ©)
large—o 577 ~ 1,152 (55,296) " " O O
x-large—o 1,153 ~ 2304 (110592) | 24 B§RS " o [®)
priority—o 1 ~ 288 (13,824) 48 BERE 28 O @]
challenge—o 1 ~ 7680 (368,640) 24 B5RE 28 * *
(interactive—o) ¥4

interactive—o_n1 1 (48) 2 BERA 28 (@] O
interactive—o_n12 2 ~ 12 (576) 10 " @) @]
prepost 1 (56) 6 BRI 340 O @]
prepostini ~ 1 (56)| 1~6 B5RS 340 o) o
prepost4_ni

prepost1_n4 1~ 4 (224) | 1~6 B 340 O O
prepost1_n8 1~ 8 (448) | 1~6 B 340 O O

* BEICIIEEEENL, A1EO—EHREOHFIATE(REELTARLERRTBOR~EAR)

¥1 Fa—DIEE( #PIM
regular-o Fa1—(F/—FEDIEE ( “#PIM

-L “rscgrp=Fa1—4"” " ) [X, regular-o, debug-o, short-o Z/NXFTIEET S
-L “node=/—F#" " ) T/—FHBIDF1—IHAIND

X2 b= DHEERBIL 1 /—FHY 1.00, 7120 priority—o [FEEFA/ —RFEDH+—Y 2 BE R 1.50
X3 1/—FHYDFABELIFATRELGAT —B=E
¥4 ATV T4ToaTORBIERDESY (M—YViHERL)

pisub —interact —g % JL—F % -L “rscgrp=interactive—o,node=/—K %"

Wisteria/BDEC-01 X—/8—avE 1 —4L X T L (Wisteria—A) £37 95X FIBRIE (2021 £ 5 A 14 H)

o AE—
. /—F#-GPU #ix2 | HilREFRE s g NS GPU S
FaEx BRoPUE) | GmmmE) | Tno0 | TR craen | sama | CTREC

debug-a 1/—F (8) 30 &3 448 o] O @] (@]
short-a 1~ 2/—F (16) 2 B 448 o] (@) O (@]
(regular-a)
small-a 1~ 2/—FK (16) 48 B5fE 448 @] (@) O (@]
medium-a 3~ 4/—F (32 " " O O O O
large—a 5~ 8/—F (64)| 24 B " @) O @] (@)
share—-debug 1,2, 4 GPU 30 56 o] (@) @] (@]
share-short 1,2, 4 GPU 2 B 56 @] (@) O (@]
(share)
share-1 1 GPU 48 B5fE 56 @] (@) O (@]
share-2 2 GPU " " (0] (@] O O
share—4 4 GPU 24 B5R8 " o (@] o (@]
challenge-a 1~ 39/—F (312)| 24 448 * * * *
33 1,2,4GPU 8 %4 56 X x @) X

" 1/—F (8) " 448 x x X (@]
interactive—a 35 1/—K ® 109 448 o] (@) O (@]
share—interactive 1 GPU " 56 O O O O

* BEICIHFEERENLE A1RO—EHHOAFIARRE(RIELTAXRLERFMBOH~ZHH)

X1 Fa1—0DEE( “#PIM
Fa1—(E/—FHDIEE( “#PIM

regular—a

X2 U DHBERHIE 1GPU &Y 3.00
%3 1/—F&HYHLLE 1GPU BYDFIAENFIAATRELAE)—BE
¥4 BRA/—FROEFLNESIE, F21—42 - HIERERE (A 48 BFRELIN) (EHEHO L, EEICEE TR
X5 AUASUT4ITTaTORBIERDELY (M—Y2iEEIZL)

pisub ——interact —g 4’ JL—F 4% -L “rscgrp=interactive-a,node=/—K%"
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KIREHBANL —C L RT LG 114K Ipomoea-01) FIFAAIBEFK (202245 6 A 1 H)

R4 HIESEE (FA)
[RZ- N HHEI% 7,200 [, 3% 8,640 M](1TB DIHFE, £%8)
(FARYBECLOABLEBIEITERSE, FIABMIE 1 v AR THRER)
2—H D &, HIRGL
WHIFAIVRTL TARIBDE RF-NHBEE b1 3
1TB 7,200 /4 8,640 F/4
[10 TBET 1 TBBAMNLT=Y] [4,200 /4] [5,040 F/4E]
10 TB 45,000 [/ 4 54,000 F/4
—feEiA [100 TB&ET 1 TBEBMHY] [3.,000 /4] [3,600 F/4]
100 TB 315,000 F/4 378,000 A/4
[1,000 TB £T 1 TBBMNY Y] [2,400 /4] [2,880 /4]
1,000 TB 2,475,000 F/4 2,970,000 /4
[LAR& 1 TB BN =Y] [2,100 F/4] [2,520 F/4E]
¥ HRAZEREB L A—DRX—/A—avEF1—2 XA TLOVTANIZI—H IDCEEEF

A BEREROZETREE, FAABCLITIRIBE5TB 2R ETHEL. JIL—TTE
[CBBREINTVEVRTLAG—IUBITRDVRATLER) THEEN TS TIRIBTED

15%% BETHET S, WTHEBATE,
HIABEDTARAIBEICHLT, 1 TB BMELYDORBEHEIITRSR
(BRETHEINLTARIVBEETHABED T RAIBEIZEFELLY)
HABADTARIBE RZ-DNHBEE %
TARVEEEBM 1 TB ki 7,200 F/4 8,640 F/4
1TBULE 10 TB ki 4,200 M/% 5040 /4
10 TB LIE 100 TB ki 3,000 {/4 3,600 F/4
100 TB BLE 1,000 TB ki 2,400 /4 2,880 M/4E
1,000 TB LI E 2,100 F/4E 2,520 F/4

XA AHMITOVWTEFIARB AL LLEREED Y —ERRT AFETEL, EEZEIAVLDLET S, FIRLBOEELH

SHEEFFARTAETET S,
KTARVBEIFIAHMAICRYAREL, FIARTRICEFELTVST—SXEIRT 5605,
KTARIVBEEMO BB TBMEMIBIEMT 2 ERESLCHAYPHERLEZLDET B,

XKI7AI, TALIM) DBBFIRICOVTETA RIBEITLHILI-EZFEEDHDIDET B,

A==y ¥a—F 14T Za—A

Vol. 26, No.2 2024




=G
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2024 4E 3 A FHNSDFHEEL A S L—U3 AT MDY —EAFEILUA T DL B0 T,

Wisteria/BDEC-01 2—¥—a L Fa—F T X7 A

O Wisteria/BDEC-01 A—/S—a ' a—& L AT L H—E 2 RIEOFH HE

A £ FIFE—E 2 X
3SH29H (8 ~ |3/29 9:00 ~ 4/3 17:00 £TH—EAKIE AR
47 38 0K
47 26H & 9:00 ~ 22:00 FTH—ER{KIE AFRAE
5H 240 (& 9:00 ~ 22:00 FTH—EA{KIE AR

- Wisteria/BDEC-01 T A7 AL, JFHI 24 RfH—ERAZAT>TOET,
72720, ARWERR  (FHIE L CEHRICSIER) 13— RA&EIELET,

O Wisteria/BDEC-01 A—/S—a B a—& AT A K HPC Fv Loy OBMLE ()
KIRRE HPC F L F2fiatti]

3 H 28H (K 830 ~ 3 H29H (&) 9:00ET
4 H 25H (R 830 ~ 4 H26H (&) 9:00ET
5 H 23H (K 830 ~ 5 H24H (&) 9:00F%T

« FECHARIR, Wisteria/BDEC-01 @ debug—o/a, short-o/a, regular—-o/a, priority-o, interactive—o/a, prepost, share,
share-debug, share-short, share-interactive, /— K€, GPUEAMNOSEFRHF 22— —E 22 RIELET,
= Al N i e ST I R G 3

THBIEAR b L—Y 3 RT A5 (Ipomoea-01)

O Ipomoea—01 H—ER{KIEDFEHHE

H A FIFE—E 2 U H—NEE
3H 290 &) ~ 3/29 9:00 ~ 4/3 17:00 FTH—EZIKIE AR
4H 3H (0K

+ TIpomoea-01 1, JFHI 24 FHE—EAZAT>TOET,
72120, ARWNBESE O 7= O —EARE LT 28060 £,
+ Ipomoea—01 P~—E AKRIEHIIFIZROTIE, s AT L350 Ipomoea—01 A s L—~D7 7B ABITH Z T TEEE AL

[EEEE]

« P ARIEHOFHE IFR RO TE T, RDAE T —ERAZEE LY, (RIELEDTA5ERH Y £30T, SRR
1X login BED A v =TV M ONA—R—a L Ba—T 4 VTEHMD Web _X—TDEHAr T 2—/  (https://www. cc. u—
tokyo. ac. jp/supercomputer/schedule. php) % ZHERLL 72 &V,

+ FHD9:00~17:00 LISY, RH (hi+ B - BLAS) 13, TAT AEFETH—EANMEL LIGG, HlRAil CE R Eadh Y £
T, FOREY, FORENE S TH—EREHIELETOTI THEL ZEN,

* Wisteria/BDEC-01 (Z351F D FHBUEHPC F-p L 2 IATHUNT, BT 0 A VA RGSEDIRIIK S CHRIERA] « SRS HR,
1L 22D ATHEME S VD F3, FEHNE Web ~—3 (https://www. cc. u-tokyo. ac. jp/guide/hpe/) & ZH< 72E0Y,
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1. "—FKo=7
1.1 Wisteria/BDEC-01 A—/X—a ' a—H AT A 7L
1.2 Ipomoea-01 AHIFILEA L — T AT A AL
2. V7 =T
2.1 Red Hat Enterprise Linux 8 (Wisteria/BDEC-01) e L
2.2 Red Hat Enterprise Linux 8 (Ipomoea-01) e L
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e henidtlF HPC Blghfigh A —/S—a 0 v 2 — & 2 25 A(OFP- N )EADO I HHE (FE)
A== Ba—TFT 4 VT F—A

Oakforest-PACS (OFP) A7 LDk 2T MIHONWT, [deiidll] HPC iR A—/S—a L Ea— " AT A
(OFP-11)J & L CHehndtli HPC £k (JCAHPOWZ I\ CHLRIFHEGTIR KAt AR R e o 2 —, UK
T A ) EMEDTEBY £ L7, Web ~<— [ESenidtE HPC JHis%ss TOFP-11) OEAZE] (https//www.ce.ur
tokyo.ac.jp/supercomputer/ofp-Il/service/introduction_OFP-ILphp) THIEI 5 L TE Y F L7h, ZOTUMIAT AT L0
WEVELEOT, BHOLEWZLET,

OFP-11%, 2 D0OitH / — REFQUH CPU / — REE, RIS — FED, o oq v/ — R 7 7 AV AT A &
IR — NP DA SIS VAT AT, E RS A A L E T,

OFP- O BREHBAARIL, 2025 45 1 HHP &2 TEL TR £, —EANER EOFMIERE D KE, Web ~— X
—R=a L a—T T 2= AR TR LN LET,

1. AT LHERL

1.1 »— KT = Tk
OFP- NI DY AT MERIFLA Ty ¢ (1 1, F 1, £ 2),

1. AT LHERE

<5 SHEMESUL—5 (Ethernet) ARy
-Ipomoea-01
EtEL/—FEY : FLA CPU J— KB L - B T - FEY 0494 - FEE
. - ., = |
—=: ‘mram s 0443~ FA : FUNITSU Server
——— =,__, —_ - PRIMERGY RX2530 M7 x 2 J=I
—_— 0Y4)—F8 : Supermicro
ARS-121L-DNRH=JT x 4 J=F
FUIITSU Server Supermicro D41 2/=FC « FUNITSU Server
PRIMERGY CX2550 M7 x 190,/ ARS-111GL-DNHR-LCC x 1120 J=F PRIMERGY RX2530 M7 x 6 J-F
J—F#rn Intel Xeon MAX 9480 CPU(HBMAEVISR) x 2 Bf5H J= I NVIDIA GH200 x 1 BEE
STREE MR R : 1,20 PFLOPS f5ME) - 78.2 PFLOPS
BOEUER : 23.7 TIB SEAEUEE : 2200 TIB
REUEY) T FHR : 608 TBfs HEYTRM : 5.07 PB/s
S50 : /=D NvMe SSD 1.92 TB

[
22 B P E2-2 (InfiniBand NDR)

N N S S
G4 77w b9/ Bry D7 (Ethernet)

HEIPANATA By )Y

o @

FUNITSU Server
PRIMERGY RN2530 M7 % 12
(SaTE. AR,
EBIERD, Webfi—Slx2.
TFUFAOTx)

Ir{NEAT b : DDN EXA Scal
J’.I\L«m}r’-m 1 1.0 Tgfs 10.3PB

MOS/MOT : DDN ES400NVXZ x 1
OSS/0ST @ DDN ES400NVX2 x 10

FEHFIFER | NvMe 55D 10.3 PB

= 1. DMER
IEIE] LA CPU J/— RE¥ JEENbE ) — RE¥
HIEmES R 1.29 PFLOPS 78.28 PFLOPS
) —REy 190 1120
WAEUBE 23.75TiB 220.02 TiB
AT g 608 TB/s 5.07 PB/s
Ry NJ—o NROD— T\t 3> Fat Free JIV\At0> 3> Fat Tree
T7AIZAT Lustre (DDN EXAScaler)
H—/{(0SS) DDN ES400NVX2
HBET71 | B—)(0SS)E 10
IWERTA | ANL—2B2 10.32 PB
ARL—2
P SR 1.0 TB/s
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= 2. J—MEK

B8 JFFA CPU _/ — REE SEENbER ) — RE¥
X4 FUJITSU Server PRIMERGY Supermicro
CX2550 M7 ARS-111GL-DNHR-LCC
JOtvta Intel Xeon Max 9480 NVIDIA Grace CPU
Arm Neoverse V2 CPU

JOtwvbE(374) | 2 (56 + 56) 1(72)
CPU | EIR#ER 1.9 GHz 2.6 GHz

IEmES R 6.8096 TFLOPS 2.995 TFLOPS

AEUBSE 128 GiB 111.7 GiB

AEURIHE 3.2TB/s 512 GB/s

Jotvtg NVIDIA Hopper H100 GPU

FEERER 1

IEmEE R 66.9 TFLOPS
GPU | XEUB=E . 89.4 GiB

AEUHE 4,022 GB/s

CPU-GPU [Ei5E NVLink Chip-2-Chip interconnect

(F73mE 450 GB/s)

SSD NVMe SSD 1.92 TB (PCle Gen4 x4)
AR K% K%
A >A—A%T bk InfiniBand NDR200 (200Gbps) InfiniBand NDR200 (200Gbps)

12 Y7 by =THEK

OFP-N Y7 hv = 7HERKIZ, LAFD@EY T3 G 3),

xR 3. VI NI IHERK

A CPU J— R

| SHENLE — REE

oS

Rocky Linux 9 (041 >/ — Rl Red Hat Enterprise Linux 9)

23J2521-5

PBS Professional

GNU J>/\15

LS &

Intel 2>/ 1S

Fortran77/90/95/2003/2008

C. C++

NVIDIA HPC SDK
Fortran77/90/95/2003/2008
C. C++
OpenMP. OpenACC

NVIDIA CUDA Toolkit
CUDA C
CUDA C++

AvtE—TBESISY

Intel MPI

Open MPI

CUBLAS. cuSPARSE. CcuFFT.
MAGMA. cuDNN. NCCL

BLAS. CBLAS. LAPACK. ScalAPACK. SuperlLU. SuperLU MT. SuperLU

S>4J30 DIST. METIS, MT-METIS. ParMETIS. Scotch. PT-Scotch. PETSc.
Trillinos. FFTW. GNU Scientific Library. NetCDF. Parallel netCDF, HDF5,
Parallel HDF5, OpenCV. Xabclib. ppOpen-HPC. MassiveThreads. Standard
Template Library (STL). Boost C++

I r—23> OpenFOAM. ABINIT-MP, PHASE. FrontFlow/blue. FrontISTR. REVOCAP-
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Coupler. REVOCAP-Refiner. OpenMX. MODYLAS. GROMACS. BLAST. R
packages. bioconductor. BioPerl. BioRuby. BWA. GATK. SAMtools.
Quantum ESPRESSO. Xcrypt. ROOT. Geant4. LAMMPS, CP2K.
NWChem. DeepVariant. Paraview. Vislt, POV-Ray. TensorFlow.
PyTorch. JAX. Keras. Horovod. MXNet. Miniforge. Kokkos

autoconf, automake. bash. bzip2. cvs. emacs. findutils. gawk. gdb.
make. grep. gnuplot. gzip. less. m4. python. perl. ruby. screen. sed.
JU—VIJNIOT7 subversion. tar. tcsh. tcl. vim. zsh. git7a&

Julia, CMake. Ninja. Java JDK

Grid Community Toolkit. Gfarm. FUSE

> HRAEE Apptainer. Singularity Community Edition.
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A= a—TF T E

(D~Q) DLy, FIRERFREZSEL ¥, AYUETI, Oakbridge-CX OHIFR 2L ZATVET,

(1) Oakbridge-CX DHIR
2023 429 A 29 HIZEMKE T L= Oakbridge-CX (2R3 2RI HAHEHIRAHBR O -LET,

(2) FFLDEE
FIREE S oFaT=—F IDNEELET, A S—a Ea—T 1 7 EH% Web ~—T 59, FIf
FHEI—Y IDI2—W 47 A 27 EBEOFRTEDR NI TN T2 | 0T X GBIl
EEL, nbET2— IDNTHE—LET,

B FAT AR BAIREROYIE
DUZANThIAT AHHFHERIZE AL VL&

o FfAMeImL EXICOWT
2023 FEFIAAHSIZI\W T, BRBHEEIBIC Y, 2022 FHE 1.5 fFICE bifsg T2,
S5 Wisteria/BDEC-01 Odyssey DOFFHE/—RD 25 %ZFE@)5 &4 x5Ha ST EmEELE,
FD1%, BEEHIT TRARLIZIZ0, 2023 4E 8 HIiT13 Odyssey 2RI RLELZ28, HsRfEEho
B2, 2023 4F 10 AT P Ik EY, SRR 2> TRV EY, ZoM, FFAHEED
T FFIC oW TRRIEED TR ELTZN, A% ESANANEE T2 rTREMEL B REL €, 2024 4D
FIFAHEIZ W THRZ B X(2022 R 1.5 (55 HERD ST QU2 2l ELELT, FIREEHRIZIE
TAMERNTT DL ETR, TEEE, S IOBRIALBREWEL £, 515k 2025 FEO
FIFERED RELIZIT TRaE T TRV ET,

RO, A 2 —Web ~— APl TRIFIFRAE  FLAZHE KV, 227 A LU= —A0H i fiHée:
FaTRLIZS, 7k, FIABEHC DT EL T, A #—Web S —I L CROET O THETTRELZS,

- AR Ba—F—U AT LFIHHRE (httpsi/www.cc.u-tokyo.ac.jp/guide/application/rules.php)

- FHHAE-FEAZSH (https//www.cc.u-tokyo.ac.jp/guide/application/guideline.php)
-’47V (httpsi/www.cc.u-tokyo.ac.jp/guide/trial/)
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BiFE1 1 35EHR)

A 7

R BB AN Ea— 2 VAT LFIAHEAE Wisteria/BDEC-01 T AT A)

Wisteria—0 (Odyssey) : Wisteria/BDEC-01 O =L —I 3/ — it
Wisteria—A (Aquarius) : Wisteria/BDEC-01 (T —X& « 238 ) — Ri

(Wisteria—A
DI, BNEHIEIC
L B HARRE

) il i # # & 4
Wisteria—0/A FAtz > b (FFH) [KF - AHEHEI%E 90, 000 1]
(Bt > MHSARL RIS 1 o A BACCROERD)
h—2 B 8,640 h—z
(1 /—F (Wisteria-0), 24 Mf#1x360 AFEY, 1 & FY720)
. F—2 AEERE Wisteria—0: 1.00 (1 /— F¥%47-1) 3%
— f& B A o "
Wisteria-A: 3.00 (1 GPU %47=1)
X OVHEREC L. 50 O — REE (BSEFIHANT) 220 15%FRER T 2
T4 AT KR HHET AN AT N TA—FTo%F 2 B
(1&>y F¥%7=D)
o) a—F IDBEEE HIRRAR L
o Wisteria—0 At v b (A [ - RIS 90,000 [, 13 108,000 ]
” (e AT, FIFSIRN 1 o 51 W D)
= h—2 & 8,640 h—2
] (1 /—F, 24FfIX360 HARY, 1&v h%47=0)
5 R RS 100 (1 /—R%720) %
. NERIEIZL D X VHERE L. 50 D — REE (BSEFIHIANT) 220 16%FREER 1T 2
= HIA (EERA) T ALY HHT 7 ANV AT L TA—FZo% 2 TB
» (1ky F4720)
- (fE.L Wisteria—A o 1D R HilRRZ: L
fl | i2kiT5 T6PU Wisteria—A At v b (B4R [R5 - AHAERE%: 270,000 [, 43 324,000 FH]
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. FIFAREEREA
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SNETITELIZELY,
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BRAF BRSO ATLR IFHREEER R A
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1. Wisteria/BDEC—01 2 —/\—a E 1 —4%L AT L (Odyssey) oaJAIBIRR  (RedHat Enterprise Linux 8

[IEEITEY I 274U EFE [GiB] s SEERRRE [/ — R (RiBRR) T/ )=
FA| BEERRERER s [guman (V05 sorsaz| | home | juere | ROPD | usar | S | suruay| MEE | AR
— 0,
2023448 2,490 609 10,918 199 1,015 126,222 52,135 2,287 3,249,272 2,972.28 374 590 1,362,467 3,059.4 39.8
58 2,120 642 13,766 417 1,129 116,362 81,229 2,501 2,896,836 3,647.63 1,078 710 1,944,613 3,548.2 46.2
68 2,214 697 14,341 482 1,018 99,350 67,039 2,712 3,115,214 7,363.70 1,016 519 2,342,234 4,367.8 56.9
78 2,260 663 13,306 292 817 237,419 60,686 2975 3,279,405 6,165.45 688 459 2,696,378 4,707.3 61.3
) 2,305 562 | 10,539 264 968 | 171,053 37,527 3231 | 3469397 7,280.53 804 505 | 2,185,461 3,851.7 50.2
98 2,376 637 14,040 352 960 319,152 67,675 3,532 3,588,203 4,683.01 1,048 486 2,783,625 3,937.6 51.3
108 2453 766 | 17,688 647 1,077 | 259,646 109,709 3832| 3793773 6,342.43 3314 608 | 2,904,633 4,032.3 52.5
118 2,440 755 16,557 443 749 230,969 91,468 3,924 3,710,937 4,413.83 3,285 457 2,336,525 3,305.3 43.0
128 2,470 765 17,814 589 645 209,255 102,758 4,145 3,684,525 4,170.89 2,497 414 2,467,254 3,375.4 440
2024418 2,460 771 18,052 715 619 179,338 95,311 4,378 4,009,854 9,010.93 3,825 334 3,325,979 4,550.0 59.2
2023415 2,021 609 | 14,159 471 535 | 163311 99,128 2421 | 3932926 3,854.64 1,103 257| 3,817,548 52225 68.0
28 2,038 581 11,857 359 754 202,793 76,333 2,483 3,693,712 5,734.78 826 363 3,593,710 5,453.6 71.0
38 1,984 542 | 12,085 344 575 | 356,988 66,373 2,668 | 3,696,232 4,037.06 1,113 358 | 3875012 5316.0 69.2
A&t 170,963 5,103 10,326 | 2,508,547 908,243 65,823 19,868 5803 | 31,817,891

-BUERR(E. 20215 A 14H &YRAIE, EXY—ERIE, 202148 A28 & YRA
AR nJAUBERORE
‘B5 A2 (FCPU) . a7 BB
2023451 A EEFHIEELL

J—RRIRR: AUES0TATBLUNYFOaT DRBIME/—FH100%EELI=EREL TS ORI A/ —F .

HEX=17ADAU850 T T ELUNYF O TRIBIEHEEE
/—RRAE: $—ER/—FIIHT SR ALE,

14 A OBRBREH

HERX=/—FHAK-HY—EX/—F# x 100
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2. Wisteria/BDEC-01 R —/S—a E a1 —4 AT L (Aquarius) 378K R  (RedHat Enterprise Linux 8)

ARTER {43 SESEERT [cPUBMIERESR) | FEHGPU GPU
FA 57T | Swgvad | 777 | vy FAH EIEES
(GPU) (%)
202345458 604 9,295 378 92,830 156.9 436
58 757 11,461 453 148,834 2042 56.7
68 1,605 12,148 847 101,998 1455 404
78 2,165 12,566 1,181 133,352 184.0 51.1
8B 1,151 8,399 555 101,555 177.3 492
98 1,304 17,342 614 139,913 198.8 55.2
108 1,021 15,063 817 146,559 206.1 572
1A 1,500 14,720 862 177,838 2527 702
128 1,122 14,193 887 171,351 2356 65.4
202441 8 1,226 16,726 913 176,691 2429 675
2023451 8 971 18,776 953 167,789 2308 64.1
28 713 11,134 428 120,574 183.6 51.0
38 952 8,630 660 158,282 218.0 60.6
At 14,120 151,677 8,595 1,669,777

-SIEER(L. 202145 B 148 KYRAME, EXY—ERIE, 20214828 L YRALE

-BERER. ZERAFH. 0T U4 BRRRE. D7/ LERE.
0% 4> (2CPU) [EWisteira/BDEC-01(Odyssey) &3,

<2023 1 AR IFEEFIZEFELHL

GPURIAS: AVARF0T4TBELU\wF 237 ORBEFHIZ1GPUDN00%BEL - &R E L1158 DRI AGPUH,
HEX=17ADAUES9TATELUNYFOaT R BEEEE 14 B OB
-GPUFIFE: $—ERGPUIZT BFIMLE, FHEX=GPURIAH+Y—EGPUH x 100
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3. Ipomoea—01 KRB HFRAL —U L X TLEAIKR
I .y 274 LiEAE [GiB] .
- . 1 agq4y = ENEE
3 ] oy " ’
£5 | swnEn |meme|ns gl BIEE | ST T o st
2023447 2074 52 176 1,339 17.7 126,821 920,839 44| 23657,187.6
58 2,066 36 155 660 175 132,266 963,614 46| 23657,187.6
68 2,063 31 106 621 6.7 142,578 | 1,084,425 51| 23657,187.6
78 2118 32 229 570 353 140,976 | 1,049,941 50| 23657,187.6
8H 2,147 4 158 626 209 162,691 | 1,187,456 57| 23657.187.6
98 2,206 46 222 986 369 181,450 | 1,318,998 63| 23657,187.6
108 2,134 46 200 1,119 28.1 197,114 | 1,414,140 68| 23657,187.6
118 2,189 46 253 886 7.7 198291 | 1,433,127 68| 23657,187.6
128 2,209 33 142 338 359 203268 | 1,638,146 77| 236571876
202441 A 2,240 32 124 370 24.2 207,529 | 1,664,714 79| 23657,187.6
202341 A 2,353 31 101 385 5.1 114,720 359,196 20| 23,657,187.6
28 2371 35 178 618 2725 118,832 609,324 30| 23657,187.6
38 2,352 29 212 591 57.1 122,422 807,757 39| 23657,187.6
&5t 2,155 8,724 625
-HEEEERE: DY A RO REt
~O4 A2 (ECPU) : Q7EERAE A
ERAE: EOBREICICTHTSERLE, FEX=-D7/LERE -EHEE x 100
<2023 1 AR EEIZEFEHL
A RIF KR
A& (GiB) {5 R (%)
2,000,000 12.0
1,600,000 10.0
1,200,000 8.0
800,000 - 6.0
400,000 - 40
=3 /home
0

" 20 o /work

——{ERE




FA5E ASEmARES (FtE - T—4 - 3£F) BRELT0EIIHH
D1 BERI—avT 4Ty FEE)
R AF &

FORRAE I 7 —

HR KPP IE M o % —ASE #1784 (Advanced Supercomputing Environment) (X475 D
A A E LCREHNCEME LT\ D, 2545 [8] ASE #f%t4s (2023411 A 29 A) Y%, #
T EAEAFTE (S) GHEA+T —# +%8) AL 2=/ VA — VRROEFH T I 2 L —
3 U FE (19H05662, BFFEAER - PRATE CGRRREHERAEE 2 —)) T [K7rv=”
N1) 2, EBERHBE AR IL R A - JERIBFEMLA (JHPCN) &3, TGHR -7 —% - %
H) MELZOEIZHL D) HREV—r a7 LTHEL,

WS, A—"—ar a—7 4 V73BN B 2R T 22055, HHE (VIalb—va V) -
T—4 «H (S+DHL) | DG - @AY, BARBUARIET DA N—2E[ & T 0 U V22
DG % ATRE & 975 Society 5.0 DEBUZMIT THRRFETH DL, AVr =y T, =74
AT =R D A — =2 v B 2 — 2 Z K DR R A Rttt T 5720, TR (3=
L—yay) - 7—4 - %8 (S+D+L) ] ZHAEDE - EH BRI ETELZ T 5 L L big,
Wisteria/BDEC-01 2 A7 A L THHH)Y 7 b v =7 & Th3-Open-BDEC'| ZBHFEL, OZHHE
PEFRE < FEEEORGE - HEVT = — = 7\ K D8t AR BRI EL D < mtie - e S - A8 5
L, QBRI X DA T — 2 BRE T T —F, @~T R V=T ARRICBIT S VAT A
VT RNy =T, BRI E IR L, ZOMRITERNITE VI A ST TV D, 2023 A
K7zl ORKEEICYETZ->TEY, KUV—2 v a v 7 TlE, ZhE TOMRERKEORIM
LB, FEREBEIZOWTOMMm S FEhME L7z, £72, MM 51%, Richard Vudue Z#%° (Georgia
Institute of Technology, USA), Xing Cai Z#%° (Simula Research Laboratory, Norway) %35 L,
B CORFRBOM, FiRlZ bbb o TWzZny,

RIS T LEFT, SHITEHMBAE FLFr o 3R), T4 0D T )y KT
BiflE S, HOARIE AR 60 4, BIMIBINHE ITGREE &0 124, A 74 VBMEFIL 354 T,
ZDIL 6 HIFEANLDBIMTH ST, ™A TV v REET D FROSHEOEHE, FHICHRE,
3=y P LIFREENICA Y TA BT HZ ENAETH Y, MWD T4 v
SIMMBEIML TN D,

F7z, FH (20234 11 A 30 H) 1%, 24 OHMFHEE, KAVrd=s MA A=, JYro¥
—HEICE-T, KR I ab—vay, BE7 VIV XL, ABTF 2—=2 7ML Tl
I L, FROE LD LFENFFEIC T o b O THEME L=, 20 A OERm A Jtl, 2024 4
J£0> JHPCN FLFEITFERREZ FHE L, R HEZ M L7,

https://www.cc.u-tokyo.ac.jp/events/ase/45/45.php
https://kaken.nii.ac.jp/ja/grant/ K AKENHI-PROJECT-19H05662
https://jhpcn-kyoten.itc.u-tokyo.ac.jp/ja/

https://h3-open-bdec.cc.u-tokyo.ac.jp/

L= Y N O

https://vuduc.org/v2/

https://www.simula.no/people/xingca/
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FRESOERIIFE N TEY, FXIFRESE L 2 —0 YouTube Fv RN SHRIET
HIEMNTES,

#F 1 BASEIASEMRET 07T A
13:00 - 13:30 | Kengo Nakajima (The University of Tokyo)
Integration of Simulation/Data/Learning and Beyond
13:30 - 13:45 | Takeshi Iwashita (Online) (Hokkaido University, Kyoto University)
Research activities of Hokkaido University group for next-generation linear solvers -

mixed precision computing, accelerators, subspace correction techniques-

13:45 - 14:00 | Takahiro Katagiri (Nagoya University)

Exploring Al for Auto-tuning through Sparse Matrix Image Information

14:00 - 14:15 | Hiromichi Nagao (The University of Tokyo)

Deep Learning to Extract Earthquakes and Low-Frequency Tremors in Continuous

Seismic Waveforms

14:15 - 14:30 | Takashi Shimokawabe (The University of Tokyo)

Fast Prediction Methods for Fluid Simulation Results Using Deep Neural Networks
14:30 - 15:00 | Richard Vuduc (Georgia Institute of Technology, USA) (Keynote Talk)
Data-movement accelerators for scientific computing problems

15:00 - 15:20 | (Discussion)

15:20 - 15:35 | (Break)

15:35-15:50 | Takeshi Ogita (Online) (Waseda University)

Verified Solutions of Large Sparse Linear Systems Arising from 3D Poisson Equation
15:50 - 16:05 | Masatoshi Kawai (Online) (Nagoya University)

Effectiveness of low/adaptive precision with ICCG method

16:05 - 16:20 | Hisashi Yashiro (Online) (National Institute for Environmental Studies)
Algorithmic transformation from physical models to data-driven models using the

coupling library: a case of a climate model
16:20 - 16:35 | Shinji Sumimoto (The University of Tokyo)
h3-Open-SYS/WaitlO: A System-wide Heterogeneous Communication Library to

Couple Multiple MPI programs

16:35-16:50 | Hayato Shiba (Online) (University of Hyogo)

Deep learning of simulated glassy dynamics

16:50 - 17:20 | Xing Cai (Simula Research Laboratory, Norway) (Keynote Talk)
Towards high-performance unstructured-mesh computations

17:20 - 17:40 | (Discussion)

17:40 - 17:45 | (Closing)

7 https://youtu.be/4tZ3YM4VTQc
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46 A ASE HiR2 (BtE - T—4% - #8) MAICE TS BILERR
AEREREHERE 1Ty FEE)
O A E

FORRAE I 7 —

HR KPP IE M o % —ASE #1784 (Advanced Supercomputing Environment) (X475 D
T A B E LOREMICHM L T D, 546 B ASERFJEE 202441 H 16 ) Y%, 77
v A XU Serge G. Petiton Z(f%? (University of Lille and CNRS, France) , Nahid Emad ##%° (University
of Paris Saclay/Versailles, Maison de la Simulation, and LI-PaRAD, France) % 354R& LT, RFEIL
BRE (S) GHE+T—2 +58) AL 2= VA — RO EFHH T I 2L —ra v F
5 (19H05662, HFZEfRE @ HIBATE CROURFEAE v 2 —)) LT, THAEERR
E MG R A ) & UCBIME L7o, i 12 K 25 ehin HPC 20 BRI BT 2 5,  HOKIE
W4 — 0T D, FH Ial—vay) - 7—4 %8 (S+D+L) ] @Ak
% FALEES I D BUIR & REofh, SCHREE TGRSR D AN EF ) “I2B+
2 R b FE L7z,

AA (MK, A, HITK, mkofR a2 —) & Petiton HiREHFLE LT T
ATFFeRERE I, EMERERTAE (High Performance Computing, HPC) Z3EFIZ45\ T, JST-ANR H{AL
RI#F7E TFP3C (Framework and Programming for Post Petascale Computing) | ¢ (2010 4FE~2014 4=
BE) Al UCIRVBIRICH 0, AR BUSEE AL RIR A - JLEAFZEHLA (JHPCN) 745 Tk
for L CHLRINFE 2 FEhE L T b,

RNZT 0T T LERY, KBIFBHBE M Fy o R), T4 DN A7) v FT
BifE S, HOABIT G 48 4, BIMIBZINE ITGHE b 50 134, A T4 BMEIL 26 44T,
ZDHH THITWHND DB T o7z, B TITFEE OM, fEH 7 7 v A RMEERFHAHE
HEBHEE S HFE LT

AMELOEKEIHFEINTEY, EXEHREEELD 2—0 YouTube F v >R S REET
B5IEMNTES,

https://www.cc.u-tokyo.ac.jp/events/ase/46/46.php

https://www.cristal.univ-lille.fr/~petiton/

https://mdls.fr/glossary/nahid-emad/
https://kaken.nii.ac.jp/ja/grant/ K AKENHI-PROJECT-19H05662
https:/www.mext.go.jp/b_menu/boshu/detail/mext 00229.html

https://ieceexplore.ieee.org/document/6710357FP

https://jhpen-kyoten.itc.u-tokyo.ac.jp/ja/
https://youtu.be/ZsG1Mhylilo
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Kengo Nakajima (The University of Tokyo)
14:45 - 15:15 | Welcome, Integration of Simulation/Data/Learning and Beyond: Japan-France
International Collaborations

Nahid Emad (University of Paris Saclay/Versailles, Maison de la Simulation, and
15:15 - 15:45 | LI-PaRAD, France)
Unite and Learn: An iterative approach for Al

Serge G. Petiton (University of Lille and CNRS, France)

15:45 - 16:15 . .
Challenges for Iterative Methods on Extreme Scale Very Sparse Matrices

Masatoshi Kawai (Online) (Nagoya University)

16:15 - 16:40
Performance Evaluation of Applications Applied Low/Adaptive Precision

16:40 - 16:55 | (Break)

Takashi Shimokawabe (The University of Tokyo)
16:55 - 17:20 | Overview of System Research by the RIKEN team and Activities of its Application
Group in Feasibility Studies on Next-Generation Supercomputing Infrastructures

Toshihiro Hanawa (The University of Tokyo)

17:20 - 17:45
Feasibility Study for Operation Technology on Next-Generation's HPC Infrastructure

17:45 - 17:50 | (Closing)
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1S5 ADRT BAWEEERSE & Gardner FOEELIEIZDWLNTOEIE
AURAZE

K f 5k

FROREFHESY LR WHFEHE)
(B MR A R ERT)

1. XIS

W REEREI TN 2 72 T v R TR SN A BG TH Y [1-3], MEHA-FITHIZ ) Z D
(2B U 7= IR B R BIB 08 e DGR DR G L ST E T2, BT R - HDHWNTZORERS O
59T ANTONT OGRS BRDSZRU IR R - TORVY, FRITFEOERIIE LN TS, &
ZIE, 2010 AEREEHELED D T ADIEEAWHED—> & L TIRRZREM: & T 2T B SHubeT-[4].
ZAUTIES NDOED T CHIBIEAR (L7 metiilhi TOMAEIER > v MU —2 Ok z) &k
TLIHDENIHTARORRIIE AT, R, ERUOUZIW TR R & 72 5 55 L 7Y 3
#il 39 Debye HII [5]X° Gardner B [6-8] & \ Vo 7= BRAVZZEVEIC B L 7-kk 2 7o 2 T 51 5.

L) PRS0, FF Debye BIITARTHRAERE OIRENRIBIRICHN SRR TH D, FidhOIRE)
PRABEELZOV VTR Debye HIMINT & o THERHVZRERN 5-2 BTN DS, T ARE R LI T
FESER L TRV, LY IEERBIC L D &, AREEARIZISV T AT AR Debye HI TRl S D18 H
D7 F /) F— RO TR E— RERD, ZRH0T— RI7 4/ v i3 2 5D (w) ~ w2 &V H 5
ANCHED ETEESNTWD.  ZHEIE Debye HILIRS.  ARKTICEO T, Zhb0T— RIZREEEL
TRV IPHEROFRFR IS LTS 101, 2% W REEE COFRNTE ) FHRER CIIMER Moz 1L %
—IENTHIE SIAMAE— ROMHET D Z L amed 5. %< OBIEIIBIZEC X 0 ST RERIR
OIFBHRIEBFEOFHIAMTON, SIS Z CEEINZ 5 LR L LI IEEE— R239E Debye HINCHE
O Z LhERInIz11-16].  BAEA BN SN2 FANID () ~ w* TH Y, FEEOMEIT A7 5w T
W3 E-% 5D (w) ~ w?[5,17] & ITTEEEL TN D (OB CIIBIF AR LA MR FRIE 5N D
[18,19]) 78, FEHIINIHED &\ D BB EMANAIE ClT—2 L TE Y, JE Debye HIDTAE R AT SHLi=%n
REleoTnd, i, BAWSMHTHT 28 % U EHEOBIETRORE HIThh TR Y, AR
%25 | & T DITUIER BB Sy ) D3 AT LA AN DOFHIRRV B & LC(Sy) ~ N~Y (e
Wy = 2/3) DEIITIRDEED Z & bIb TV 5[20,21].

L) RIS LD TR BEOTEIREV R TSR] ICBR L 0D, T ARDNT A—Z 22T
TREDBIRZBA D &, SERRVTY IRFHEDOH &V O BIRER T, (3L A LR UGN 72 5 e
BT D L 51272 5(8] (M 1) . SBORRIU Z ORBIRRILIEN 7 AT E OLEN 7
AFHEVEXBI L C Gardner FH & FHED.  Gardner FH CIEMERR NDIEELD NC, 1HER UMSEZRF o 7 HEZE

A==V a—F 42— - 26 - Vol. 26, No.2 2024



IRIER OB SN, E AT —HE
Tl A 2~ AN COEEROBBIEA £ 7=
BT R 2 DHELE LT Z DB A BYREST 5 2 LA
TED (RTEE DN T AN OUELZ EIRIEI I
LI-BIERE A ZNRA R, Gardner FH CEIILA YEZTE
RREICEHIE LT b D& T_A 22 LKA S [
1) . Gardner fAMRIT 2B/ ME, SF ™,
Y TR S AR SR O FE N T Y %MN/ E
HThD. V<ODORIRT, HIIGEORIKHR e Subbasin.’
THEBICE S LEMEOMEICRIN L, Gardner 4] =~ e

DIFEDHERSNT2[22,23].  LAL, Gardner FHITKH et L o
v - )T R A TR A~ ) - s X 1. TRV —HIE TP Gardner D
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SIHL.

172V Fox DEFA4p TIIA XA ZAUHD jump bEFNTLE S AR H D23, L7 WiRAGHTIE
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An investigation of physics—informed neural network
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using poroelasticity principle

Yi Zhang'?

1. Geological Carbon Dioxide Storage Technology Research Association

2. Research Institute of Innovative Technology for the Earth

1. Introduction
Geological CO2 storage (GCS) in subsurface aquifers has been proposed as a near—term
solution for reducing CO02 emission. In GCS projects, understanding reservoir
permeability structure is important for the designing of CO2 injection profile and the
modeling and prediction of the flow behavior of injection C02. However, obtaining of
the reservoir permeability profile is not easy. From conventional well testing methods
based on pressure measurement, only the discrete permeability at selected depth
intervals can be estimated
The distributed fiber optic strain sensing (DFOSS) tool now can accurately measure
rock deformation (e.g., 1 ne) induced by pore pressure change along a vertical wellbore
with a remarkably high spatial resolution (Tem). Since the pressure change and the
deformation are near—linearly related under small perturbations (e.g., the Biot’s
static poroelasticity principle), the strain change contains the information of the
pressure change and reservoir permeability. Our previous study (Zhang et al. 2021) has
demonstrated that the distributed strain data can be used for inversely estimating
fine—scale reservoir permeability structure
Albeit the success, in the study, there was a problem that the forward run using the
finite element method is quite slow. This makes it hard to do inverse modeling and
apply the method to more complex models. In this project, we aim to investigate the
Physics—informed deep learning (or physics informed neural networks, PINNs) method for
solving the inversion problem and estimate the reservoir permeability structure from
distributed strain data. PINNs are neural networks that are trained to satisfy physical
equations, such as the poroelasticity equation that relates pressure and deformation
in porous media. By using PINNs, we may be able to avoid the expensive and slow forward
runs of the finite element method, and instead use the neural network to simultaneously
fit both the equations and strain data. The main steps of our method are:
Step 1: Construct the PINNs based model for poroelasticity equations using SCIANN
libs (e.g. a TensorFlow wrapper for PINNs).
Step 2: Benchmark the PINNs poroelasticity model with the analytical solution of
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Barry-Mercer fluid injection problem.

Step 3: Modify the PINNs model to cylindrical coordinates and perform the modeling
for a water pumping problem with the synthetic distributed strain data. Minimize
the loss function of the PINN, which consists of the mean squared error between
the network output and the physical equation, the data mismatch term. Obtain the

estimated permeability structure from the trained PINN.

2. Mathematical equations

The equations of Biot’ s quasi-static poroelasticity for the hydraulic and mechanical

a<1ap>+v (kV>—O
at \M at W P)=

v(lap+bv )—0
Mot M’ YT

problem are as follows:

where p is the fluid pressure, M is the Biot modulus, k is the permeability, u is
the fluid viscosity, b is the Biot coefficient, u is the displacement
Following Haghighat et al. (2022) and Amini et al. (2023), in the non—-dimensional

forms (in cartesian coordinates), the above equations can be written as:

b? ,9p b 95, k___
=D —+b=—D"——=V?p—f =0
KdT Jt Kdr ot u

Cove M2 o 3l
arVev T oy Rar VAV W TSI

Ky V- (Vi) — bVp = 0

where the overline denotes that the variable is dimensionless, Ky is the drained bulk
modulus, €, is the dimensionless volumetric strain, f is the body force term. For the
aquifer well testing setting in this study, we rewrite the hydraulic and mechanical

equations to the forms in cylindrical (2DRZ) coordinates

. . =
Ingea > Fiidcden Liyer +  Oupt o Loes
-~ : '

Figure 1. A schematic of a PINN for solving general PDEs (Peng et al. 2021).

The solution space of the PDEs are approximated using deep neural networks (Figure
1). Considering a PDE Pu(x,t) = f(x,t) in the domain Q XT, by PINNS, the variable
u(x,t) is approximated by a set of deep neural networks as u(x,t) = @i(x,t) = N, (x,t; 0).

We put the hydraulic and mechanical equations and initial/boundary conditions as the
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constraint (or the loss function) terms of the deep neural networks. The loss function
is:
L(x,t;0) = A |Pii(x,t) — f(x, )] g
218050 = goCe Ol o
+2314(x, t) — gy (x,8)| Ty xT
+ 411, t0) — h(D)] g,

where A; is the weight of each term (the PDE, Dirichlet and Neumann boundary conditions,
and initial condition). The training process is to find the “best-fit” approximated
solution through minimizing the total loss function on the sampling points. Using the
approach proposed by Haghighat et al. (2022), we sequentially train the hydraulic and
mechanical networks to let the networks approximate the coupled hydro—mechanical system
and improve the convergence. We have tested three problems: (1) the time—dependent,
uniform, Barry-Mercer fluid injection problem; (2) a synthetic, time—independent,
layered aquifer fluid pumping model; and (3) a synthetic, time—dependent, layered

aquifer fluid pumping model.

3. Challenges and Results

(1) Barry-Mercer fluid injection problem

Referring to Amini et al. (2023), we set the fluid injection/production well at point
(x=0. 25, y=0.25), and we use “observation” data at point (x=0.75, y=0.75). We use
a structured sampling grid and sequential strategy to train the problem. The results
(Figure 2) reveal that the PINNs can well model the fluid injection/production
resulted mechanical responses. Using the displacement or strain records, the

permeability of the media can be inversely estimated with the training process.

(b) v at (x,y)=(0.75,0.75) (c) le-10
. 204
0.0101 == :'"”
g xact 184
0.005 1
161
3 £
0.000 4 % e
1 00051 i
4 -0.010 1 1.0-
S 1 T

s 0.0 0.5 10 15 20
epochs led
Figure 2. (a)The setting of the Barry-Mercer fluid injection problem with an
injection well and observation point. (b) The PINNs modeled vertical displacement can
be well matched at the observation point to the analytical solution. (c) The

inversely estimated permeability as a function of training epochs
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(2) Synthetic aquifer testing model (steady state)
Next, we test the PINNs for a synthetic 2D cylindrical (2DRZ) aquifer water pumping
model. The model is similar to those in common aquifer testing setting, but with an
observation well installed with a distributed strain sensing tool, which can provide
the entire profile of the vertical strain along the well, representing the aquifer
strain. In the model, we divide the target formation (ROI) as 80 layers with different
permeability values. To reduce the model training difficulty, we first only consider
a steady-state case, in which no temporal change is considered. The results (Figure
3) suggest the PINNs model can well estimate the permeability profile for most parts
of the target formation except those near upper and lower boundaries, where large

errors exist

- —i 0 v
S Obervation well ~ (b)
/." (a) Pumpisgwell  with DSS \‘-_
20
£
= 40}
[
3
60}
----- | Tnput
| Inverted

80 - :
10 0"+

Permeability (m”

Figure 3. (a)The setting of the aquifer water pumping problem with a pumping well
and an observation well (Zhang et al. 2021). (b) The inversely estimated permeability

profile compared with the input permeability profile for synthetic model.

(3) Synthetic aquifer testing model (time—dependent)

The model setting is same as case (2) but consider the time—dependent changes. For
this case, although we have applied the techniques such as the sequential training
nondimensionalization and adaptive weight strategy, we are not successful in the
training process for time—dependent and heterogeneous field model. We find that the
training process for time—dependent heterogeneous parameter field model of PINNs is
a non—trivial optimization task. The loss of the training process is very unstable
The reason may be because we use less sampling points. However, increasing sampling
points make the training very time consuming and become impractical for our purpose.
I am still making effort to improve the training process by changing the network

architecture or using transfer learning
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4. Conclusions

In this short report, we presented our preliminary results using PINNs method for
modeling the hydromechanical coupled problem and parameter estimation. We find the
PINNs method can accurately fit the simple uniform model. A useful characteristic of
PINNs is that it likes a many—dimensional fitting problem—it not only fits the PDEs
but also simultaneously fits the parameter with the measurement data. Therefore, an
inverse modeling can implicitly and one-shot solved within the same training process
of the PINNs. This way greatly benefits the inverse modeling compared with conventional
gradient—based inverse modeling approaches, which needs many times of forward modeling
and construction of Jacobian matrix, explicitly

However, for completed heterogeneous model, this study finds that the training process
is quite difficult for using the current network architecture. In addition, the training
process is not transparent and readily controlled as in common gradient—based inversion
methods. More investigations are needed to improve the network setting and training

techniques.
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5YWS) [3] & Hf5 L, SCWRL4[4] % FV T TREX1 DZERAI T L 2Bk LTz, # > /37 B ORI,
N KA, ¢ Kz EnEn T vF ik, N-AFAT I RMETHZ TRy vy T L, fERL
TE'TAOREMBEICK, TR ALY, WA A ZBEL, MDY Ialb—a 272 %
EERE LT,

! https://www. resb. org/
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MD ¥ = b— 3 Ui Gromaes [Bl1 &M L7z, &ET MOV Ti/IMEEHE, P bEH R
EiTo7th, lusoO7uf 7y aitliziTot, AR 2 fs & Lz, A, o8
712 AMBER £f14SB[6], DNA IZ OL15[7], 7KZrFIZi% TIP3P[8] & M 7=, TREX1 DIEMEHLNT
LT R T LA L NTIE Allnéer HORT A —X[9]E AV, ROWREIL Velocity-
rescaling ¥£[10]12 & ¥ 310.15 K (37 °C) (THMHHI L, HEJJi% Berendsen #E[11]Z MW T 1 atm
W U7z, van der Waals HHEAMEADO L v FA 713 1.2 8 &L, 77— N L5 EMAELE
FHDEEIZIL Particle Mesh Ewald #[12] 2 W=, MD > =2 bL— 3 U 20 ps HIC AT
v Fvay FEREL, fPTIE 200-1000 ns O T P =7 U ERAWTITo 2, KERAFNTIX
AmberTools17[13] % FIVWTAT o 72, ARICIIT 23+ DRUE UCSF Chimeral[14] % AV CTHERL L
77

3. #8

ARG TIEE 66 78I L 55 198 FRAEOMOMAEEA 2T Y LiF 2%, BFAER CIEE 66 7LD v
K), 8198 FHEIIIINZ I VEBEE) THY, Zhbid7e h~—HNEBXL 07 m h~—[ET Salt
Bridge R L C\5 (3K ERBLIOF (a)), AGS DEEMND K66R ZHE IS L TOVE198K 4 B A

(a) Ep 4 B (b) K66R (c) E198K

K66

@ K198

%3 X ;5 66 FRAk &5 198 FREL DM AVEH,
(F) BPARITIZKE6 & E198 1371 h~—P, /[T Salt Bridge (XL ¥) 2L TWA, (F) %66 7%
H L 198 IR OMIENEM 77 7, HFOT v VIS MSEORELIER, B L0t LYoz y VITE-
MEOHEERAZ R T, =y PORSIIMEMERORIIZHAIT 2,
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RODoTnD T EMnb[15,16], ZNHDOERMOET NV EZ/ERL, MD ¥ alb—Ta U ELT
o7, H 3T D) (c)iZ, KR ZEHA L F198K ARMD L I 2 L— 3 » THELNZHAEER
7T 7 %Y, K66R ZEAICIE, HpEM L h_T Salt Bridge 23858< 72 - 72 0 Sy ROICEEN 72
DLTCWDONGND, Fi-, F198K BE T, BRIZLY Salt Bridge 2{E5 2 LN TEF,
%5 66 FREL L2 198 RO DM EAEANZITERITKDILTV D, Salt Bridge XV FREM
AERCHEREND 2D, BRIV ZOHHOMAEANREL 2L (bdWikbnbd) &
TREX1 (RO, OV CIIHREICRER L SATRRENRE 2 b b, Z ORI AER R
RAEROREECHAEIC T B OV T, BEMTE2ED TV B TH D,

4. FLHLESHRDODEE

AWFFETIE, S REBICE S35 TREXL & L RV BIZDOWTC, BRNY VR TBIZRIETE
BEWMRD70, BRMOETNE NI EEFR LMW v ab—var&2fiol, 7/
BEMOMAEERZHEER S 7 7 CRGET 2 2 212XV, BAERE L OB OHE E/ER O
BWEBET D2 LN TE, BARTII T 8 h~—NBX 072 h~—HTERIN T
K66-E198 @ Salt Bridge 7%, K66R 5 & B198K ZRTIxH9< 725 (HDWIIHE EN2W) =
EWI T, THRRBIRIZE D X S 7% RE 3 NEIBUEMTh Ch 5, MEIEMZ 77
IR BROH AN Z AN HE 2 SN D BARHRTH 5728, JRFTHY AR EAEH OBV 03 R4
RIZED LSBT D0 EFARD DICRFIENEFICHHTH D L MR SN D, AR CIEEI=E
L7ed, S RBEBRENORE SNTMMOERICONTEH WD v =2 b—r 3 VA ETIES
Th D, BREOERMOGFEBREFEHNMRT 52 LIk, ZHR L TREX1 ~®EOHEE
DEBIEEZA SN LN EEZ TV,

2
AWFFEIE (2021 A28 HUORR B MR v v 7 — (35T - MR RS ] 8 KO [2021 A%
BRI BUASEG S B L [FIR Y « SERIBFZEHL AL (JHPCN) # 2 AL [ AFF 8RR (LRI 1D 1 EX21306) J
DIREZT THTOIE Uiz, AFRICE T 50 TEI1% Y I 2 b— 3 VIR KA E R
T ¥ —@ Oakbridge-CX THrbivE Uiz, F7z, ABFRIIREHFEERFE G5 FHE
19K16058) DI EZZ T TWET, ZDOHEMEY TEHHP L L ET,

2 £ X &
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KIFES A FIRBIZE TS LRAF—0R B7)LTY X LIZ
L HMETHIIDOHERY btE QR RO MERESEM (%)

EE T
ALHEE R A o —

1. FCBHIC

TTHN S RIT R ARG R OB HE O —>TH v | mlERE AR EFH R RO b T b,
FEEOIL, BRWRAITHSO—FETH D QR SAFICOWNT, ZAVE TIThR~ RBFFERR 21T -
T&E7, AIEIOFRHE] T, HERTANCT 25 AR > MEE QR 0fE GEFF : QRCP : QR
factorization with column pivoting) [2]1C%F L T, ZEH LNBIIER3E L T3 CholeskyQR 7
TATY RN, 2023 £E 1 A EmORBE HPC F v Lo O THMM L7 R OE R &2 WA LTz,
Z 0%, B, 2023 488 AT Wisteria/BDEC-01 (Odyssey) ] 35 & T8 l0akbridge-CX] Ofijs %
T BITBT D KRHBLHPC F v Lo VOBEZTEE  HRIOMREFMO%ICH B AN 72T v
RBNZDNWT, LY MERER M2 i+ 5 Z &N TE 7, 22T, AT, 2EIHDOKRH
FLHPC T L > DI DYERERHI 23 L TR DT BT DRER DA T A N &R T %,

2. HEIDREDHE
AEITIE, AIEIOFLEIOMEL RS, FEHIZOWVTE, AIEOFLEEZZR I,

2. 1. BERESLIURRMLETILTYXL
5.2 bNAT81A € R™ (m = n)IZ%} L C
AP = QR
DI TITAN &R DatE % QRCP LIES[2], 22T, P € RP™MIEMI T, Q € R™™IFIH
ZTHl. R € RV =174 Td 5, QRCP IX Rank Revealing QR Z3fiRdd—FETH Y . 174D
K7 v 7 EOISREFO[3, 4, 5], 7ok, AREFIE TIIATHIADER (tall-skinny) DE
SFED. m>»>nOPEEBET D,

QRCPIZXF LT, FIEAR v MFENT AR/ HF—QR 55f# (HQR-CP : Householder QR with Column
Pivoting) DMAEAIREMERIAE T L TY XA E L THMHLNTWAIL3, 6], HQR-CP TIX, % AT >
TTEAIERNCE R v AR (POMERRL & ABFRNTEM) LA S, NT AR X —EHIC
L2750 =M a2AT 5, ZAHOFEMIEL, Bl SCERITIEEZSRI T,

2. 2. ORCPIZHFBaLRAX—REF7ILT) XLDOESE

MERATHNC X T 2i@% FIERy bR L) O QRSEICEBNT, I LAF—QRETLITY XA
BEDTHHIS, 9, 10, 11, 12], ZOFEEZFEFX T, aLAF—QRAET VLTV X L% QRCP
WZIEIR L, EOREMMEERT 2 &R FH A O AMN TS 5, FEEMIZIT, B O L A% —QQR T
TP ZNIH LT, a VA —5f52 552 E Ry b (Complete Pivoting) & 2L A% —45
f# : PTWP - RTR [13]IC{E&#2 5 Z & T, QRCP ~DILENTREL 25, LavL., HiEFHED
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Bt OBEOKEEZ T 5720, — I, IELV HQR-CP L% L) EAR y hOBRIZK
W7 2,

ZIT, Bxld, BEERy MIEa L AX SO REEETHENEE T =y 7 LT &
D5 RN LI2 B G R AT B0 (2 LSO R OEEMEMER &) . 2 E T
BONIZHARER Y MEROFEROHLERHAT 27 7n—F2EZL LTz, £ LT, KENIZ
(FBorHI7R) TRERy MIE ALV A= KT TEOT N TY ALZHEL | Tte-
CholQR-CP (Iterative CholeskyQR with Column Pivoting) &4 fFiF7=, Ite—CholQR-CP ®JLAs
FIZ RS IE, RO L AX—QRAEIT LT Y XA LRI L TH Y FEO KRB ITHIRE (GEMM)
(CARFEEND Level-3 BLAS THEATAMRETH V. Sy BOEHIFHFIZ BT 2 R EE@(E OEEL230(1) T
&5 (CA: Communication-Avoiding), &\ o 7o B EEERHFIZHE L/ FFEZ #ER L T 5, 7238,
Ite=CholQR-CP DFEMMIZ OV TIE, AFZED R Z £ & O 7w [14] BEBRESIC IR S iz D
T, £b6IZERDLIEE Lovy,

2. 3. MREFHMEFEROBE : HOR-CP & DB

Wisteria/BDEC-01 (Odyssey) (LAF, BDEC-0) & Oakbridge-CX (BAF. OBCX) Ofis 27 A L
T, MPI (& L WROLT —#43H0 &AW COBarFIFE%E Ui Tte-CholQR-CP &, REMLBEAFT
% CTH5 HR-CP (DFEMERR) & kbl L7=, BDEC-0 (4096 / — K) Ti&, SR/ NSV (n=
16,32,64) DOHFAIZ, Tte—CholQR-CP (X HQR-CP LV @ (B KT 4 f558) Tholm, —H.
OBCX (1024 / — F) OFHIZ, TA M L72E2TOn (g K Tn=1024) THQR-CP LY b EiE (5
KT25 M) Thoto, TNHOREREY, Fex 23BA%E L7z Tte-CholQR-CP }X BDEC-0 < 0BCX
D & D Zp— AR KRB BAL AR B (Fril, Z/3=32) 128\ T, REMBEFFIETH 5 HAR-
CP LY LAERRFIEL RV ELFWREENG W LR ENT, 2B, WA AT VB (w1 F=
7 CPU BRHE) 12361 D HEREFHIEAE R & Lt OEBRASFER L [14] TR L TV D 0T, BlkAH 5
LAEEFsREIN W,

3. SEDMREFHEOMEL THER
KEITIE, SEIOKBEEHPC F ¥ Ly POEMNBEOE L EotE R e fsT 5,

3. 1. EERBEOHME
ATEIOMRERHIClx, REBEWBEFFIEDO—>TH D HQR-CP & Ihilskfg L L, —JF, &
KGOITHNIDHER OBE . U TOHEFELE L5, 79, (TFAICKE LT, #H O QR 43 fif

A=0Q:1Ry
ATV, I, Foivle E=ATTHIR TR LT HQR-CP (B 2 W fthdFiE) 12k Y

RiP = Q3R
L QRCP 1T 9, ZAUTED

AP = Q1Q;R = QR, Q = 010,

EATHIAD QRCP 315G H 5 [16], RIEOAICK T 21@H O R DROFHEEIZOMn?) THYH . —
7. BHEORITHT D QRCP OFFERIZOMD TH 5720, THIABHEE (m>»>n) OHFAITIEL,
AREOFENR TR L 725, LIERoT, FIERy M Ld) 2 L AF—QRBT L ITY X A7
&L MERATINC AT 2 ErEREZR QR 3RO R FEATE T2 2 & T, EIZ QRCP # 3T 5 2
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ENTTRE L 725, A, Fox 23BA%E L7- Tte—CholQR-CP DA A9 5 LT, ZOFETE

EDWEIIAFI R TH Y, SEIOMERIHMITIX, Zhd ERICE<,

% 72, Tte~CholQR-CP M FH Skl %urw<oﬂ&ﬁ?%éﬂ%ﬁﬁ&é:eﬁ%#oto
AR 2 FELORNFIZ OV TR, BUERXEZHET TH Y . ThUZER LB E Licvy, HEte L
T, 73 ) XACKT P RBRIZIES W, —HoEE (] HFnicE sz
EWIMoTWDETDER) OEMC, V—TDIEEE ANEZ D LIk b, KEEZEHT
FIHU 2856 (BRI 72 5 AIREME O B W EE ORI, &0 5 RO AZ R4 T, 4Rl 0%
BEOWEICL Y, Hami R EEROHIBIIMFRFTE 228, — T, FQUBOHEHHE (FLOPS)
HED DD, HRREOBER TCOEMETINE TE RV, 2T, SRIOMEREFMCIX, Tte-
CholQR-CP DT IH DEIEF LD BT 5,

etzlz, MEERRGE L LT, MIEIOKRBELHPC F ¥ L v Y OBEORE (QR PELETRD D) IT
MZ T, FENHE SN —OME BI2IE, BERT 7 BEESNTWT, TSR
DRER) OHERDDIGELE XD, ZO LD MR EICK LT, Tte-CholQR-CP IZi& ' CFf
BEfTHE 52 ENRFRETH DN, — T, Bl LIZHERATANCK T 2 8% O QR 43R %6<
FIEZ, APEO RARITZERIITO 2 eMRDOLND (T 7 OIFRITHLETHELND),

728 \Hw%dW{P#ﬁ%&&éﬂ%®%%W% XETH Y, &ﬁ#éﬁﬁﬂ%é&%xé
PMERERFAM (2 E%%# FEIEIE FRRCTH Y . fiRlOLHE 2RI, SR H
mﬁﬁ%kbt WH O QR OAZIES FEICELTE, 2 L AF—QRET LY XAL

TwR7»:)XA%%ﬂ%m%wt$&%£%btoﬁ%mowfm\y7hH%:vx%~

QR (Shifted CholeskyQR) 7 /L3 U X AZFHLELZ AW FIETH Y | AILELOEIELZ BIRIZ IR

ETHEERA L., 2NH0T7 A2 Y XAOFEMIZ OV T, SCEk(10, 11, 12] 72 8 &8RS

iz, 72k, E=A17510 QRCP X HQR-CP (LAPACK DBI%) % v iz,

3. 2. FMEHR

[ 112, BDEC-0 (4096 /— F) FLTROBCX (1024 / — R) ITBiT 5, KFiE (0FFEE o
HQR-CP (=59~ 2l EE ) b &2k, 7235, [Tte—CholQR-CPJ (ZBIL T. 1 AALARTOZERE, 2 8H L
WEETH D, F7-. [CholQR-QRCP) [FiFF D 2 L AF—QR BT L= U XA EESN = FIE,
TSQR-QRCPJ I TSQR 7 /LT U ALIZHEAWEFIETH Y | TNENEHOEIEZF L7 (BDEC-
0 TIX—# D LAPACK BRI T & 72 7osh, 3l L 72 TSQR-QRCP D ZEZEAY 0BCX LV H 472
W), B, mEEE (m=16777216) LT, n=16,..,512 & 2 THREAZHIE LT,

B1D7Z7 716, HERITHNCT 28% O QR \ﬁbp%ﬁﬁb\t??f%%““’ﬁ@f‘&m ESLE
\ZE > TIL Tte—CholQR-CP LV L EMREEL > TWVD Z ENMERTE D, Eio, WBHF D QR i
KﬁTé:VX%*%W7NﬁUXA%B%7W:)XA@@%iX%DL1ﬂ&&?%%%
ENTEY, ndKE Ao AT TSQR OHEREAME T4 5 45=° BDEC-0 & OBCX THERED%6E)
DEI D B L _hifa)i&i&*éé\f@bﬁﬁ I TEL/ERTHDLZ L BN D,

Fio, B 1 XY, Ite-CholQR-CP IZDWT, AEIDEEFEDER (77 7HO 2) HEHHIKE
MOEKRTHUNAD ThH o722 & bR TE D, T, BCX IZHB WV TR KEWGEAICERR
B o TWDH I ENHETE D,

Bl 1 DFERD D, Ite—CholQR-CP L@ D QR HARHICES < FHEIE, &5 6 HfitR T4 QRCP
EAHETOBICHAE THD Z LR TE D, £z, Tte-CholQR-CP F L ONEH O = L AF —QR
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BTN TY XNZHS L FEE, EH0L L KEMNOHETIETHY , EMNROITHIOZHMSE (R
FIENHDO/NT A =2 OFRGE) 1T U THERBENENT D, 207D, BRENTZFEBRFERDOL
MNH, MBEOELEZMRETRETIIRN LICLEEIMETH DL, UEORNFEHE XD &
Fex APEFE L7 Tte—CholQR-CP (2 oW\ T, BIKRFE Tk, HERAITHID QRCP DFEREIZBW T, BT
DA N7 FIE L FREOWREEZ o7z (A8 IR EO—2I1272 015 25) Tk, EFHET 20N
U THDHEEZD,

WIZ, HYHI7: QR R % ET DG EE 2 5, BIEMICIZ, Qo—# (B & xbis
T DRDEMTIND B A B L T HHEEIRET D, 2O LI RREICBWT, Ite—CholQR-CP
TIEHKEOBRFCTHEZ A by 7 $2Z LERAHETH 223, BHNEF O QR 3R 21T 9 FIET
X, R OMEEREZHETHIMEND S, TDT=H, Tte-CholQR-CP DA BN HIFF T % i
BETHD, K212, BDEC-0 (4096 / — K) FHBETOVOBCX (1024 / — K) 1B\ T, QOIEAID
1/4 DFNRT by (nfaRDFN|R7 FV) ORZEFHRET L5560, £FiE (OFFELE) © HR-CP
T EUEC LTl AR,

K2 X0, #5572 QRCP Z 39 5% E TIL. Tte—CholQR-CP 23, i@H @ QR /% %
FELVBEDE D =A%, o, MEOEDH 1 OFREIVREVWZ LB ERTE
Do BT, nAREL R DHITE, WMEOEPIERT 2B H D 2 L3Ghr s, 72721,
HQR-CP H i TR A A by 725 2 LN TE H728, HQR-CP (2519 53 A L idnicis U T
RELRDIDITTIF R, HENPLETH D,

4. BHYIC

AR T, RBIEIOTFICT EHE, WePHELTNDHa L AF—QREID QRCP T/ Y X4
(Tte-CholQR-CP) (2R84~ 2 MERERFAGORE T & TS Lic, 512, HERATHIO QRCP %,
D QR fE =R L CHET D FIEE gkt G & Ul e Of 2R Lz, T ETIHES
AT ERERHIE OFE R L U . Tte—CholQR-CP 1%, % @ QR i % FI 3 2 Tk & [FRRE OMEED
R S, RIS U Tl OBHIIET 5 2 L B3R TE 72, fLIRT LT Y XA[16]72 ED
ZOMDEFOT NN XA LZED T, L0 FEMRMEETFMATTO Z RS BROBETH D, F
7=, ERAEZR QRCP ZEHLT HFRE TIL. Ite—CholQR-CP DEFRMMENFSCHIETE 5 2 L vsy
Motz KT 7V r—arTO=—X G UT, BUAHETFEEZHEWS T2 LREETH
0. ZODOHIWH BN e DIERET — & OIERC T 2 A4 HITH Z L BRETH 5,

i

KEWELHPC F ¥ Lo POERITE L CTRHIMERITAR Y £ Lz, BUR KBS Ig Y v % — D%
FOBERICREH N LET, AR ILAHE 2o (BRERERY) B LOMBER HH
2 (University of Oxford) & @ILFEMFIEIZESWZARTH Y, MKRIZEHNAN - LET, A
geD—#IL, JST S X NF (GREEE S : JPMJPR20MS) . JSPS FHifi#y (RREEE S : JP21K11909,
JP23H00462) . B ABUBLS HILA AR - SEFABFZEILA (JHPON) | B KT, HEHTH A 87
LA AV Ea—F 4T e 4275 (HPCI) (GREEES : jh230010) O HKIEEZF T
ESae
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EBEBHHF v *I)LHDNS O— FDRAH

1. [XCBIZ

BEFIZIR - THtAL 2 ELiYr (BESLHE) 13, WY R b bAA, LFEMIZHLEETH Y |
BB - €7 Y 7 - HIEOBEEIC R b 2 < EA INDREBIE TH D, R TIT Z OBEELRR
DH ) =ANRTHDHF v xR 1 ) ERG L U, R RS LA /L X (Re)FM(F 1
2 M) &SRB D S B B B F 15 (Direct Numerical Simulation, DNS) = — R Bi% L T\ %,

ELUEO> DNS (281 2 ZZHIBEE FiE L L Q3AER SN EN T2 5mae, 7—V = - X
AR FVERRS EREEPOFRNTH Y | FEEFEL LUELLTWD, LAL7—Y xR
Y N ED EERFETR L 72 2 il 7 — U =48 #4(Fast Fourier Transform, FFT)IXaf #1443 72 < |
WHFHFIZ B W TE A EE ORRELS X 0 WIIWEZAEL LERAE L D, 2 OEREIT %I all-to-all
W{E (a2a) & 72 VT DO BE S BASFABN R G EF LT 2WMEXA T LR D, EDD AN
F Vi IO T RBURELHT DNS OEBIZIL, @E R LK E T2 WFNLFIEL T — FEE D
METIAARAI R TH D,

AHIETIX, KB HPC T+ L > V% FIH L TEi L7 wisteria BDEC-01(Odyssey) 6144 / —
R EicBT 2@ERE Bk E T2 5K / — NELEORT & 2 ORISR 2T 5,

F 1 EHREME
Rer Lx Ly Nv ]Vy Nz
mlm | oA | o | A
16000 | 16 | 6.4 | 14400 | 13824 5760
17.8 74 10.6-12.0

Rec = udh/v. friction Reynolds number. u:: friction
velocity, 4: channel half width, v: kinematic viscosity, Lx:
N ; streamwise computational length, L, : spanwise
N‘ computational length, N: (4x), Ny (4dy), N: (4z,): grid

'f:,. number (resolution) for stream (x), spanwise (y), and
’ wall-normal (z) directions, respectively.

dP / dx = const.

Z,

=71

Yt

1 F v RGOSR & IR

2. HEXNRLBHEISBIRVLEIEFE

FHRERI IR 1 1R T 2 OFRE Z —EDENARIC X Vi s FaIcBE LT ¥ %
N TE D, WAL B ATERITIEEMEIENARD Navier-Stokes R & # A TH D . Fhit(x) &
AR JF W T EIE B B OVE N ISR R S BE i (2=0, 2h) TIXIEE I no-slip 4. J£77
RIS SEHA TE 2, EREEBIEFIEE LT x,y Hi7—Y =« 27 bW, z FAIC
2 RHEE P LN B AT D, (6> TADNS 22— ROEEERIT, x,y FHH~D 2 k5T FFT &
z F~0 3 ExHAITHIfiEE(Tri-Diagonal Matrix Algorithm, TDMA) LD,

WHHEIZIB W TIE IS R Re BB A XI5 &3 572010, #HE TSN <<, p(MPI

BT 5aIa=r—% :mpi xy world) 2 T* z([A] : mpi_yz world)jﬂ'?/\@ 2 WRITHEI B 21T

o —HRIZIZ 2T &L D Fe 4 BEEOIRE N AET S [1],[2]. ZOHA, 7 — U TIEA IR
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RICBIT D x FRIO FFT IZHBWTIERREINIMERE G D23, y FIO FFT 2BV Tl
ERER T D70 EEE x (AR T H(—x). S HIZ z H O TDMA IZBW TSI & iR
DIeDIZnEE y ICEET H(zoy), 7— U DA BRELZ OMOB\RICTER L, E - iE
FRIZBWT 4 BBi@ER/ LI L 25, ZOWBRBEEIAEII 2= —FZNTO ala L2V @EEAKT
b T <. BT DNS 1Z3861F 2 KB L(E LA/ NV REA~OTHENZ BV TR E 72 ke & 72 -
TW5,

% ZTA DNS 22— RIZBWTIX TDMA (2B W TERE 2 LD 2R WS L REEREY 7 FEE
WL DBBREEL x, y HFE~DF =T v FI0)ZBFE L [3], [4. K2b)D & 512 2 B olxE
WA, BEAWMEEBISE WD, —Fy FHO FFTIZBW T, SEEOREY — )i
0 WHIPEZ R 5, 16> CZ DL (a2a) | TR & LT 503, mpi_xy_world Z¥8E / — K EIZ
BT DEE(H D Ok, — RIZE0 YU THZ LIcL Y, a22a AME ST 5, FX VA
T LBV T 1 or 2 tofu FEAZ(1tofu JERE =12 / — R)YDUTHEREA D 12 / — FRRE % mpi_xy world
WZEI YT, BEIAE = — Rk = 12XN (N 2z F0O 7 — FE) &5 5 L EghRp s
TED, &1 OHEEHFIZBONTUIAET I ETH 148TB BT 5720, /—FKH7VDAEY
##9 28GB @ FX1000 TiE 5760 / — FARARFEITRETH Y. ZOHE N=480 L7225,

F 724 DNS 22— R ClE, OpenMP #§AEZ IV /= FFT i & a2a DA — T v AL EIT->TH
0. FFT HEL DK 90%LL % a2a FEATHICEGFEIT L, BEFEMORSWER > TV D,

transpose transpose

. ] : - - = E ) E v T8 H”‘- - , 4
L iy L T e :
%4
transpose transpose

.(a) y-z (real space) (b) xz (Fourier space) (e) x-y (Fourier space in TDMA)

I:l Xy communicator I:I 'yz communicator
(a) TERTFIE:4 BPSAE

transpose

= ____ W et 5 /
s T 5 bt S
|y — J
mpi_z_world
transpose

(a) J-7 (real space) (b} -z (Fourier space)

(b) AT BPEHiE

2 2 WICHE BT IR, 4X2(=8 WHNDLGE
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3. Tofu4 2239 bD LZDRMER

Wisteria-O (Odyssey) DA > % 2% 7 ME Tofu f ¥ Z—2a3r7 hDO6IRITLA v ¥ =/ b—F A)T

V. (a,b,0)=(2,3,2) ®12 /— R#%& ltofu BEAE & L, Z O tofu FEAEZDS 3 kot (X, Y, Z) = (10, 8,
YA Y2l LV EN TS, 2D / — RIRIEERT (X*a*b, Y*Z*c), 3D / — RFAIRERZ
(X*a, Y*b, Z*c)D /) — RZEMHATHZ L1275, SRIOKHMEHPC Fx L YTk, (XY, 2) =
(8,8,8) NFIHTIREZR T2, B ARMERIL, 6144 / — K =48X128 (2D J— F‘%#ﬁ?b”*ﬁ): 16 X
24 X 16 3D / — FRRFEER) & 725, A DNS =2— RTiX ko b | ks HE & LT
mpi xy world IZ 12 /— RZFIW B THZ LIZLY a2a AR AR E 5, 2D / — FRRFEER;
I, 12 X128(=1536)/ — KR/ — R e 220 £KO /4 O/ — RiZx b TLES, b
H 5/ mpi xy world (248 7 — REEID Y THUX, 6144 7 — RBFIHTE L3, FFTH#HY /) — K
W48 /) —RE&/edbl-® a2a a2 MBkla L35, 0%V 2D fEENE = 2D /— KBk &L
TRENFEEZHERT H720101E, FX VAT AZBWTUIARED 14 FED /) — RLUMAFHATE 2
WIS AT B,

4. 3D/ — FRRREKIZEITS 2 REE SO KEERE DKE

A DNS 71— RIZEBWT FX VAT LOFRARMERIT < ZFIH Lo, @R 4 /R 2120

— RJEIR 3D _Eiz&W\ T, 2D Sk B2 fE B RARE 72 D X O ICRLE T 5 LRANE L 7
%o ZOWET 3D /— FBKRIFIZEIT D tofu IEEREIZ DWW THT E21T > 72,

M31L3D D/ — REE:a X B Xy=4 X 3X 4(=48 / — F:torus)Z457E L. 2 WICHEESY
H: 12 X 3 OFAICBTDHT7 RO — FEUE & tofu FEFE(1tofu JEIZIT 12 / — R HAERK)
ORFRERYT, £ 2 TIEEEOZD IMPI a2/l J—FELTHEIZLTWS, X 3@)ix
F X CARNRD (v, z) FFA~D 2 WICHEBEIZ R L, 05513 mpi_comm_world D7 > 7 &5
(mpi_xy world ®Z > 7 &5, mpi_z world D7 7 FEZ)V B, T 5, K 3(b)iL 48 /— Ko
tofu JEE (X, Y, Z) BLiEZ/~T, 48 / — FOE. (X, Z) HNOEERE S 7z dtofu IR D
MRS Th, —HK3b)AIXID O/ — RiliE (o, 89 Z7~ L. T mpi_comm world 7
VI FER, BIRED tofu BEAZIZH D, B LTWD, 2O/ — NEE(T 74/ D 3D /— K
FRYDOEE . FFT 13 2 tofu JERER] CIiThid Z &E3bond, —J . TDMA 1ZB#EY 7 MNEfE o
728 tofu JEAE[ THlfe L TWIUE, 1 Ay T (FlR WDICBEEIT) 2N TE 5, K 3GLED

SAEIE. 2,1,6) = (3,1,6) — (2,1,7) — (3,1,7) DIEIZ/ — KB E 0 YT, (3,1,6)

— (2, 1, )N tofu EAE ECHERE L CWVRWe ) 2 Ry TOBRENAELD 2 ERbnd

ZzZ <K 3(c)7£0>ot 1T tofu JEIER Tk L 725 K 912 2,1,6) — (3,1,6) — (3,1,7) = (2
1,7) ONEIZ ) — REFIVIED LBz 7 MEEOFR y 78T I(E#ERE)IC LV ETTE S, &
DAL 3(c)15@ct 523D /— R EDT v 7 {EZ MAP I X 0 fEET UL, FFT 1T a2a I3 ltofu
JERERNOEE TITH LR TE D,

DO MAP OIERFIEE LTI, #3—7 17 F AT 3D /— RBIRE strict FEEI2 & 0 Fif
L. M 3(0b)D tofu FEE L 3D / — RELE & OIEHRA TG T 5 (stats THHA H ) SH D & ZOIEH
NELEND), ZOBERICE VK 3C)D X HICFFTHY D 12 / — NEAL % [tofu FERZIZEI Y 4T,
20 tofu BEIE L CHEE D RO T v 7 BRIV ED Z LTk D, BTN/ — Naexi4g
ETEHEA.FFEETINEIT) Z LIRS -0, —EOBEE B8 LT 52— FE2ER L,

A==y V¥a—F 4T Za—A - 61 - Vol. 26, No.2 2024



G 39 | 40 41 | 42 [ 43 | aa | 45 46 | 47
[RY B W) L {2 31" (334 (434 (5,94 6. (7.4 (834 (9. (1094 (1. Iy
_ - |

P P N e PR
(0.2 (124] (2, 2), (3, 2) (4, 2) (5, 2) (6, 2) (7,21 (8, 2]' (% 2). (10,2); (11, 2!

| 12 [ 131 1a0] 151 16 4] 17 1] 18] 19 4 20 4| 21 1] 22 || 23
(6, 1)1 (7, 1)| (Sl)l (9 1)! (1u 1J|(11 L),

(u 1)' (11)' (i2, 1)' (31) (4 1| (5, 1)|
17 T T

' 5 6 7 1
(o, o)‘l' il 0)‘" 20)* (3, 0)4' (4, 0)+ (5, c:)*ir 6,0V (7, 0)4" so)wlr (9, 0)4' (10 0)*(11 ¥

¥ > :FFT < —> TDMA

(a) 2 WICFEIAEL: 12 X 3 DEH

(c) 3D / — RIBIRIED tofu JEAE & 7 v 7 T 5 OEEMREEILEE) : 4 X 3X 4
3 3D /— FIRIZBWT 2D fEIR Ay EIC BT 2@E R I35/ — FEEWUS / — K
D
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5. HRARE LA/ LABEHETORUYFI—Y

4.T/RLTZ 3D / — RIEK EC 2 IRoufEI Y EIRF O BE B E (K & 32 / — FEE S b Tk
% Wisteria-O (Odyssey) 6144 / — F(294,912 G 7 H L7z, FHESMER 1R RS LA /L
ARG & L 100step DORFHEIFLSFIC K 0 FHAAT o 72, 7272 L EEROELIEEHR CTIEELIR S (R
S EFARDMEND D, AKX F~v—7 TIREELELAS 2 ER L, T — % FAm 0 1347
STWARY, /— REESME LTiE, (1) 2D / — FIBRFEE =2D fE8isyEl, (2) 3D / — FIE
K BT 2D fEig S EI A2 T 7 4L FECE(X 3(0)FEY). (3)3D / — Rk T 2D el Bl 4 b
LEBAE 3MY), © 3 yr—2%&F#E 7Lz, £/ —FNiEaer—2Ltt 12MPI X
3AP(OpenMP & HENWIFI)Z B L7,

FHAE R Z K 2 12777, RUN(DD / — RIBR=fEIESHIOHE 1L, 3. TR LA X DI FFT Y
J— K248 /) —KLipnd, ZORFFFT #HY 0 48 / — RiT 8tofu JEFE CTHIE STz, 2k
h—T ABEICKHET 2720 L Bbh b (BE> TADNS 22— K TiX 2D / — RBIREED h—F &
FBEEILTZFBDONE LIy, 20 Stofu JEIZM D FFT KW a2all k|, 1 A7 v 7 iz
VR0 B A2 ET 5, RUNQ)D 3D / — RFRIRFRIE, FFT Y 12 / — R23 8 & 5\ g 12 tofu &
BICREE I TWA, Z0da2a 3 A MBIV BIEML. 1 27 v 7HZ0K 133 BEEL
72« RUNB)D 3D JEARIR TR /) — FECHE Z2 IV 7= 8580%, FFT #2412 7 — 7Y ltofu JEEENIC
BUE &40, 220 tofu JEAER CHifit & 72 b, TOED 1 AT v 7 Hi=0 4.63 & RUN()D 2.3 1%
R & o T,

F2 HREE LA RGO R

RUN J— ¥ | 2 — Rk | fEEE | s/step | TFLOPS 15
(1) 6144 48X 128 | 48X128 | 10.73 | 166 | /— FIiR=faRE
) 6144 16X24X16 | 12X512 | 1330 | 134 A WIS
3) 6144 16X24X16 | 12X512 | 4.63 385 B MAP f&

6. BILEHMAR EEI ~DIEA

AWFIED 3D / — NEEIZIT 5 2D RSB O 5 / — FEEFEE, RO w2 axy
b b OBYL T TEE] ~bEARRETH D, [EIE] O large 7 7 A%, 2D / — Rk
1L 144 X 816 (fHL, FIH / — F# 12288 LLF), 12288 / — R&H 2 % middle 7 T A1% 144 X
576(fA. L., FIH / — RE 55296 LA F) & 72> TV B, - T, 1 OFHRMFICEBNTIE, 2D /—F
Ttk = B EI DR EA2X NITBWTIX, N =720 D 8640 / — FRREN LR L5, Zhx
2D/ — FEEFIAT 5L, 24X N(N=480,576) D X 5T FFT Y ) — F&4EE$ 505
Bdol, K 4 IXEHETOFETERTHY ., /— NER=FELH L L, 02 12X N (N=480,
720). AN 24X N(N=480,576) DFERTH B, 12X N OLEIXIZIE 100% D FILI=R 55
NTHWERB, Tl b — REEBLT Z LN TE P, FFT Y ) — N % 24 &35 LHERERN
T D e BRbnD, — AN TR Lz 3D / — NFAR T 2D S0 % & Sl &9 % 5
ENZRBW TR, f8IRSE 0 12X960(=11520 / — K), 12X 1440(=17280) / — RIZEBWT 12X N
DA L IZIEREOMFET / — FEE T Z EAFRRIC/R > TV D, 17280 / — RZEHW
T A OFEFHE 1T 1050 TELOPS TH ¥ . F ¥ > RV DNS (281 D EBEfE & 72 > TV B (¢
e DBGEMEIL Lee et al [2], (2J 25 IBM Mira 2% % | L7z 271 TFLOPS),
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1200

T T
| #grids: 14400 x 13824 x 5760 0]
0 2D:12x N 7 m
1000 --4--2D:24 x N R
--m--3D with Opt. MAP .-~ -
[o----- ideal .~ .

800 .

600} i -

sustained performance [TFLOPS]
\b

400" -
5

1 1 1 1
760 8640 11520 14400 17280
#node

M4 KFEED IEH] ~OIEH 0 71 OEITEMETORIE, BAAFIEDR R

5 @ LA IV AEEBEEELITSIC BT HREEARE ¢ R ML A X — T m ey
k. -3(black) < u" < 3(green), endview (F ¥ > KD FH55:0 <y/h < 1), 7o BAAHALICB T
Wy i BEIRELCT, 28 ANV E LTV D,

7. HRRE LA/ L A¥EHTD PRODUCTION RUN

7 2 O RUN(D) K DN3)D AT, PRODUCTION RUN (#IHAELFiS 2 3t B Y . &iBIC ) R4 —
N R EAHOIR B O ELIRSS & 1) % 2l U 7oy ARG ClE, 9 33TB OF —# iy &E &AL
EENENAT O LENRDH D | FEFEO PRODUCTION RUN (2B W TIEFRMEE IS Z T I0 #HE b
D TEEE 725D, ADNS 22— RTHE, (v, ) FEHNDONREKRT > 7 M 10 ZH Y43 576, RUN()
T 128 XAGEFE 3 i+ EMIEFNC LV 10 2 FhET 5, [FEEC RUNB) Tl 512 X4 165 To
10 & 72 0 AFFIEUE RUNQR)DS 4 (55 < 725,

FER L 72 10 B IL, RUN(D)AFAIY « FEZIALDZILEIUTHK 10 S312xF L, RUN)DSK 4
(#7150 GB/s @ 10 HE) & 2.5 (ERREREE TH - 1o, — HFHEALZEMZERTO (B I8V T,
WHENARAFE T 1020 2y & LT HRE L OBV I0 Th Y, Wisteria-o [IZBITE7 7 A1y
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AT LOEMMERHER TE 72, Z® PRODUCTION RUN % 1 [E&H 720K 4 B O LT T 5
BIFEM L= — REEEEORE SR BE LIZHEEITO TN TE L,

X 5 {Z PRODUCTION RUN (Z & % FH5 S V72 BRRFEL IS O AT L 2 /R 9~ (Fe 36 2 2 CIEARD %
DIEFNFE, BETRE M4 y B, ARV HMEZ z B EEHZ TND), ELA LI DRE
[ ELIE S CIXPE G B 72 MRS E S LT 5 2 E BN BTV D 08 ATl S EB(~1.6h),
B (~0.16R), & L T wall-unit(BE#EHE & BRI &0 R b L7 AN TR — g 5
AR ERSERAET 2 2 L 300D, TRBARSFMOEE 1 B3 STBCRIEEIZE & LT
H ATB)D A B A ET 57280, RFHHEBEMOAGRLITEBR TE TBLTAROBETH 5,

8. FLHESHRNDEE

A—N—ara—4& Vg 3o, /= Rbz) oFBENRE T 26 fFom L4 FEH LT
WD, BEMERITZ 2 HEREOM EICE S o TERY | BEAROE W KBRS = — Ko
IZBWTIE, ZOXRBARAIKE D, A DNS 22— KT all-to-all #{5 & £ 5 #5iE % 2 BREIC
Wz 7= 2 otk BTk, WfE EHEE L D04 — T v I X B BERF O, D — R
TR &l B 2 — B S/, FFTHY ) — N%& 12 / — RRREIZHZ all-to-all 38{F A1 2 K3 &
WLREERARTLZLICL YV EIRBERZEHLL CVD, LU FX VAT LA tofu A
H—aRxy MIBWTERBIRA MR LT 558120, 2 ke / — RIBIREED FFT 12 ) — 3
KIFIZEEM L, MRESLE bl DT RIENAE T T,

Z T TAMETIL, 3D/ — RIBRIZE W T 2 ROCTEIR D IR OBE &4 Rk & 75 / — NELE
e b Tk A& B L, Wisteria-O (Odyssey) D4 RHML 6144 / — (294,912 = HIZH#H L& D
RERFN A Ehi L7z, ZDOFEE. 1EKD 2D / — RER=2D Sk EIDGEIT R, 2.3 EOomHl
{bZ R L, 384TFLOPS O 5 & (BERRTERE DY 1.8%ICHI M) 2 437-, AT Wisteria-O
(Odyssey)DA72 53, tofu £ X A X7 MZEDTRTOFX VAT AZHEMARETH D, OF
D EEERBUEA~DOIELAIGETH Y, A DNS a2 — FO#MAMEEZ KEERIED L EBIT,
R R VA L ZEBEREELIRSF O DNS 7 — # ~N— 2SO EHME 2 TRIEIC T EEE 550
Th s,

E
AIFZ21E Wisteria/BDEC-01 2 —/S— 2 a—& L A7 AZEIT S K HPC Fy Lo
D) HWIEZRMA L CENM L-, £RREE TP26400410 K VARSI A AN FARRTE SRl Z 4R
MHIOB A= T 72, TEL THELZRT D,

2 F X M
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