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Wisteria/BDEC-01 A—/A\—a E1—4L AT L FIRAEEER (2021 £5 7 14 H)
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ammgosam | L0000 | 20 HBELY RIRSRIE 1~ A ET
Wisteria—A ' ! /home 50GB BE)
1 ybDH AT
— AR EA 5000 F /work 2 TB
(/M 2vhk) (720' b—5) FIAESY FAEMIEHREERET
Wisteria—0/A - /home 50 GB
e 5,000 /4 6,000 M
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¥Wisteria/BDEC-01 [ZBWTIE/ A=Y FILa—RESTIL—TIA—ADRHZEEILL, ChETO/A—YFILa—R[E—HREHIA

IZ#ELT=,

¥Wisteria=0 Db—2 2 HBERHIE 1.00 (1 /—RFHY) |, Wisteria-A Db—5 2 HEFREE 3.00 1GPU 1Y) TH D,
Wisteria—0 [Th—2 2 %3 1.50 O /—REEBEFARDERAKD 15%2EHT5,

¥Wisteria—0 M 1 37 THATAEAR K/ —F#E 2,304 /—FK, Wisteria-A 0 1 37 TH AT g4 &K GPU %13 64GPU

XEBMO RN ETEN—Ir 8, RITLEDaT O/—FERTEE (& GPU B RIESHBRRICECTR—IUn BRSNS,
FE5LEzb—=o &, FIRBERNICLENMERATELCLERIIT LD TIEAL,
F—oVEFIRHIERICRYENEL, ARARTRICEENHHIHE TLEBOMARBL OB IXITHEL,

r—=2 DD AT LANDIBITIZONTIE, TF—OVBTIZE TNV ENBRERIZSE,

KABHECKEZHELAA, /—FEEDBHLAHZIIEEEZET D,
¥/home DTARIBREFEHDT IL—TICFRBLTWSES TEHRIEEYY 50GB EE.

XGPU EAHAD AR
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2 51,840 540,000 [ 648,000 [
4 103,680 1,080,000 F | 1,296,000 M




Oakbridge-CX A—/S—avE1—4L T L FIRAIEER (20225481 8)

EEE5E (Frad) .
PAN L<2=1
= K AHEBEE % TIRVES %
HiA 1 EybHY HiA 1 yvbHY
—Hmi 100,000 F3 120,000 F S—F 1 kY | RIS 12 A B OSE
(8,640 k—%>) (8,640 b—%2) .=
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HA 1 wybty H5A 1 wybHy /home 50GB F/)
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i 8:400 P FIRE LY RN AR EERET
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/home 50 GB
e 8,400 M 10,000 9
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¥ Oakbridge-CX 2BV TH/RA—YFINA—RET IL—TaA—RADRHEEILEL. ChETO/A—YFI)LO—RIE— R EHAITH

&L=,

Kh—IVHBRHIT 1.00, LMYV BBFZRE 150 O/—FREBEFARMNESED 15%2ERIT5,

¥1 CaJ CHRATREGRK/—R#E 256 /—F,

XEMO R EFTE—I0 8, RITLEDaTO/—FEHEMBELOHERRICEC TR —IUrEESh S,
fFELIzb—=o2 &, MAHERNICEEIMERTESILERIET DD TIEAEL,
o IR ABBRICRYEEL, MRRTRICERELNHLHEETLREOFARKBLOREIITHEL,
r—=02 DD RT LADIBITIZDOVTIE, Th—IoBITICE TRV 20 BRERIZSE,

X/—FEENHLAHEEEEET S,

¥/home DTARIBEIFHEHDT I —TICAIELTVSBATHLRIAEYY 50GB EE .,

F—OUBITICE TRV BOBRER

BTk Oakbridge-CX Wisteria/BDEC-01
B VAT L AT L
Oakbridge-CX AT L - 1.6

Wisteria/BDEC-01 * XT /L 0.6
BITEICEBMEINA—IVEB=BITF—UVE X ZH

SEEE 18 (Wisteria/BDEC-01, Oakbridge-CX A—/S—avE1—4L T L #£58)

- TRZ-AHBEE IR E, BEFMERRVRZLRFARE XHEREZEAMEOMITBIEA, ZRATRUFHMIRE
ZEMETHEXIFMA A EAERISET DM, TUICXHHPEREARERBDEOR G2 T TEMARETSEIC
BRAT 5,

- TREIOBLAACE, ©EFARAZERMEBORESLVEELZET D,

- FIARREIE, FIARKRAMISKRT AORBFEZIEFY—ERKLAETET S, FRHARRNICHE#AAZPELZIEETH
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- BIEERNICERBEAZELEZAIZOVTE, FIARBAICEDLLY, 11 ADEKRELS,
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- TARIERIE, TIL—T KD ERIETHD.
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Wisteria/BDEC-01 X—/S—avEa1—4L X T L (Wisteria=0) £37 95 XHIBR{E(2021 £ 5 A 14 A)
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pisub ——interact —g Z')L—F% -L “rscerp=interactive—o,node=/—R %"
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small-o 1~ 144 (6,912) | 48 BERA 28 (@) ©)
medium—o 145 ~ 576 (27,648) " " O O
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(interactive—o) ¥4
interactive—o_n1 1 (48) 30 9 28 (@] (e}
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Wisteria/BDEC-01 R—/S—avEa1—4L X T L (Wisteria-A) P37 oS AHIEE (2021 £ 5 A 14 H)
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") 1%, regular-o, debug-o, short-o Z/NXFTIEET D
) T/—FHRIDF21—ICHASNID
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Oakbridge-CX R—/8—aVEa1—4YRT L P37 HSAHIRIE(0194F 7A 1 H)
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2022 4E 7 A TN S DB A FL—3 2T AOY—EZRFEILTO LY T,

P—EAKRIEEORBIHE

Wisteria/BDEC01 2—%—a Pa—F T AT A

O Wisteria/BDEC-01 Z—/3%—a L B a—& 2T A P—E A RIEOIHISE

At FIFZ—E 2 Ty —NEE
TH29H & 9:00 ~ 22:00 ETH—ERIKIL AR
8H19H (& ~ | 8/19(&)9:00 ~ 8/25(AK)17:00 £ TH—EAIKIE HIN 2 L RAITISIT DRSS A
8H 258 (K ARG - “IRISFER R, A A
9H 160 &) 9:00 ~ 22:00 ETH—ERIKIL A

- Wisteria/BDEC-01 A7 A, JHI 24 BRI —ERE1ToTWET,
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« FECHARIh, 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, /— REEKVGEFHF=2—DV—ERZKIELET,
vy A/ — RidilE EBVRIHTEET,
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A A
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e —IEE
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ARNE, ZSTEA T A, HiF v oR
ANZIT DR S A R s -+ R

R

«+ Tpomoea-01 %, JEHI 24 Wi —E 224> CVVET,

721, ARMNAFE OO —EAEZIET D56 bV £,

[FEEH]

H— RIS DR TR IO PE T, a2 T — 22 LT L2, KIEL7ZV 558050 £30°T, SHiol#R
X login KD A v =YK PRA— = Ea—TF 4 U 7EHMHD Web N—TYOEHAST Y 2—/L  (https://www. cc. u-

tokyo. ac. jp/supercomputer/schedule. php) % ZHERL 7ZEUY,
+ EHO9:00~17:00 LISK, KA (L B - HLAZ) 1%, AT L

I, ZORAL, TOREEZ LS TH—EAZHFIELETOTI TR ZS VY,
Wisteria/BDEC-01 & Ut Oakbridge-CX (23317 D IHUEHPC T L o IATDUNT, FH a7 A )L AR RIS CIftns] - 92

TR, Ik & 72 B ATREMEDN S D F77, FHEIE Web ~—0 (https://www. cc. u—tokyo. ac. jp/guide/hpe/) & ZE< 7280,
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1. "~ Fy=7

1.1 Wisteria/BDEC-01 A—/3%—2 B2 —H& AT A

1.2 Oakbridge-CX A—/3—aL B a—F T AT A

VAT AEFEOH O
(2022.5.1 — 2022.6.30 Z°H)

1.3 Ipomoea-01 KEHHIGHEA hL— 2 27 A

eIl

<o P—E Rk (2022.6.1)

ESUNLED

HH Mgt
T 7AWV AT I DDN EXAScaler (Lustre ~<—2)
AN —URE 25.9 PB
inode %t LR 168 &
AbL—e 125 GBI

\ T R i

W7 7 A v -

T MDS + MDT DDN 1U #— x4 £ +DDN SFA200NV x1 &
A NVMe SSD 3.84 TB x 17
TINA A
0SS+ OST DDN ES7990X X 5 15 +SS9012 % 20 &
T 7 A NT—H RN
e R SAS-HDD 18 TBx 383 (0SS x 1 & +0ST x4 & &H7-9)
TN A
2. V7 k=T

2.1 Red Hat Enterprise Linux 8 (Wisteria/BDEC-01)

»  Odyssey
WaitIO v1.0 (2022.5.27)
Ho 3.5.0 (2022.5.27)
GENESIS 2.0beta3
MODYLAS 1.1.08
NTChem 12.1.1
OpenMX 3.9.9
PHASE/0 2021.01
SALMON 2.0.2
SMASH 3.0.0
FrontISTR 5.2
mVMC 1.2.0
AkaiKKR Cpa2002v010
ALAMODE 1.3.0
Phonopy 2.11.0
» Aquarius
MATLAB R2022a (2022.5.27)
NVIDIA HPC SDK v22.2, v22.5 (2022.5.27)
gfarm 2.7.20 (2022.6.24)
gfarm?2fs 1.2.16
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» wvlAr/—K

gfarm 2.7.20 (2022.6.24)
gfarm2fs 1.2.16

A VA M=NEFELE L, FIHFECOWCOL, FIEZER—Z OB 5H,

FE R AV MEIBE XL VFIHTSEEZ B EEN,

2.2 Red Hat Enterprise Linux 7, CentOS 7 (Oakbridge-CX)

SingularityCE v3.9.5 (2022.5.25)
MATLAB R2022a (2022.5.25)
AkaiKKR cpa2002v010 (2022.5.25)
ALAMODE 1.3.0
FrontISTR 5.2
GENESIS (ff#k58, B 1.7.0
HO 3.5.0
mVMC 1.2.0
NTChem 12.1.1
PHASE/0 2D, 3D) 2021.01
Phonopy 2.12.0
SALMON 2.0.2
SMASH 3.0.0
gfarm 2.7.20 (2022.6.22)
gfarm2fs 1.2.16

A VA M= NVEERUE Lz, FIFFECOWTL, FIFSER -2 rokmbE, £7203
Rz Ay MEEL DFIFTEE B ES0,
2.3 Red Hat Enterprise Linux 8 (Ipomoea-01) e H—E R BEAE (2022.6.1)

X BrlAy /) —FKEDY T MY TIIFEILT 7 A /USRS EERE ] 0O — V%GR

L liiipd
0S Red Hat Enterprise Linux 8
AT GNU 2231
AvE—VilEZ7 A7 7Y | Open MPI
BRFREREE OpendDK

autoconf, automake, bash, bzip2, cvs, emacs, findutils, gawk, gdb,
make, grep, gnuplot, gzip, less, m4, python2, python3, perl,
ruby, screen. sed. subversion, tar, tcsh, tcl, vim, zsh, git 72&

V=Y T =T
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3. Zofth

3.1 Ipomoea-01 ¥—E ABAAIZEE S Wisteria/BDEC-01 }Uf Oakbridge-CX v 7' » /) — RHEIZ
BIFET77 ANV AT LT MTONT

Ipomoea-01 KEFEILEHEA ML —V U AT A% 2022 4 6 A 1 ALY —ER&EBBLE L,
Wisteria/BDEC-01 @74 >/ — REHZEWTIE 2022 45 6 A 1 B2 5, OakbridgeCX oA v/
— REEHZRBWTIE 2022 £ 6 H 22 H2 5 Ipomoea-01 7 7 A NV AT L EDT 7 A NDjgkirdr, EX
ABINATREIZ 72> TOE T, AGETRBUEILEA R b L— 0 27 WG 1R ERNCBI 5365 b8 (FH48) 1.
Wt Z— Web ~—T= Ipomoea-01 FHZER—H1H TS IZE0,

Wisteria/BDEC-01 } O Oakbridge-CX & 7o >/ — FREEZHIT 5 Ipomoea-01 7 7 A )V AT L~DT
JRANRRFILTOLEBY L7320 £,

® /commonl/home/—H4(—H ID) : FfHE Z & OFE
® /commonl/work/7 N—T2(T 0=y ha—K) : F)—7"T L OEE

3.2 MATLAB R2022a DA A h—/LZ-D\T

2022 4 2 A 25 H X vt & B4A  (https/www.ce.u-tokyo.ac.jp/guide/application/introduction-
matlab.php) L7= MATLAB R2021b (2012 C, MATLAB R2022a % Wisteria/BDEC-01 Aquarius M
Oakbridge-CX |21 > A b—/L LE L7z, ¥t ¥ —Tik MATLAB (2B} 5 A—3—a B o —XF|H#H
DEEH D NIA—T v Y —=2ADT 0 7T b B E LT TN EZ L B TWET, BT —
ZFERT, BECSERICBRET S B E R, FIREORER Y I a2 b—va ra— ReEEkL, R
OWEEIAT 2 Z EICERT 2 b0 L L TRY £9, MATLAB 22\ CldARFELS [Oakbridge-CX &
Wisteria/BDEC-01 T~ 2 #liat 5558 MATLAB O Z#8/r(MathWorks Japan)] % Z&\ 272K &k
(2, AEERCE 55 177 B LT A U v MIEWFIT v 7T X v /58S TMATLAB OFETHE] FEhtik
H BIBBELEENY,
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FHEAEE A B L—U v 27 A 1Y) EAICRET28m b8 ()

A== a2 —T 4 T TF— L

ORI EE 2 —CUF T2 —) NCBEE LT, Yo ¥ —THEMNTAHFEA——a L Ea—F AT A
LT 7B ARRERA FL—U Y AT A KB A b L— U3 AT L0 1Y) (Ipomoea-01)% 2022 4F 6 AnbH—t
AEPHELUE LZ, 22T THICER L OREZR TRt & RO Z B b LET,

1. FHHIAZHNZONT

T2 B T2 ORI AL FEDOZETS £ 2 — Web ~<—T8 TS 7280, Ipomoea-01 % TR/ 5554
WZIE, Yo H—DA——ar ' a—% AT A Oakbridge-CX, Wisteria/BDEC-01 % CIZZFIHNE I ML
Ipomoea-01 OFIFHIARTHREE N ET e — 2038 37, 7235, Ipomoea-01 (23T 5T 4 A7 FEBMNTHEE X AIHET
T, A8 Ba—F VAT AZ—WID ZHTH0R0 5T, BmBIMNO7bOThiX BRI/ Y 7,

1.1 2021 AFEERIC Oakforest-PACS (22— ID 24 L QUi 7=FIZE . £7213, 2021 FERIZ Oakforest-PACS |2
22— ID 24 LT3, Oakforest-PACS D7 7 A WA TY— & AL L7220 T-FIHHE

® 2022 4EE Oakbridge-CX, Wisteria/BDEC-01 (Z=—H ID Z4H7 554
FIFH VAAFRE IIAETT, ZHHAO=—VID T Ipomoea-01 ZFIHT& £ EERM., iE2%2<),
> R L ofEgic 5 TB OIMENOT ¢ A0 REAMS LET,
> BESNTNAA—/ = Ea—H VAT ATHEESNTWS I N—T DT 4 AV KED 15 %ik7n
Vx/ ba— RO N—T7ZL Ok E UTIRETH G LET, (h—27 U BIThRDT AT 2%FRL)
® 2022 4/ Oakbridge-CX, Wisteria/BDEC-01 (22— ID ##7-72 EE
FIFR UiABFG & BSINETY, WESOT A7 FRIIRE SILET A,

1.2 2021 4RI Oakforest-PACS (22— ID 27 L TRV, 77 A BT —E A2 mE LIRS

® 2022 4EE Oakbridge-CX, Wisteria/BDEC-01 (Z=—¥# ID 247 554
FIFH VAAFRE IIAETT, ZFHAO=—VID T Ipomoea-01 ZFIHT& £ EGERM., iEa%2<),

> BATEHLLIN—T T O 5 TB OMMESOT 4 AV REEMNG LET, 72720, b—2 VBT
12XV Oakbridge-CX, Wisteria/BDEC-01 O ELLNIRAT B Y =7 ha— RO T N—TIMHET HEE
&, IN—7"Z L OO T ¢ A7 BRI, BEESIQND A= B a—H VAT ACMESR
TWDTN—T DT 4 ATEED 15% L LET,

> BERESN TN D A= B a—F VAT ATHESNTCND T N—T DT 4 AV ERED 15 % %71
Yl ha—ROIN—T7 T Lok E UTIHE TS LET, (b= 2 BATED T 2T L %EFRL)

® 2022 4/ Oakbridge-CX, Wisteria/BDEC-01 |Z—4 ID #H#7-72 545

FIFAH UIABFRE IIRET, Oakforest-PACS D—4 ID T 2022 4£ 11 H 30 AE CIHEECIRIAW:

R ET, 2022 4 12 B 1 BUELBIT LT 7 A VERIFT B3 AEOFIAE LA FRE BALET

7o

> FIHEZL BATERLE LI N—T Z L OERIC 5 TB OIEES DT 4 A7 FEEAELET,

> 2022 4 11 A E TSI LIABA WS, 2022 45 12 ALKRC 7 7 A MZHBRS I ET,

A==V a—F 4T Za—RA -6 - Vol. 24, No4 2022



2. FIFAEREIZOWT
Ipomoea-01 % ZFIFIZ7e H8A- ORI HEHAIT, HAZEMG L. 2022 4F 6 AL LET,

2.1 2021 FERIZ Oakforest-PACS (Z—H ID %45 L CV V- 7=RIH#E . £721%, 2021 FERIC Oakforest-PACS (2
22— ID 24 LTV =AY, Oakforest PACS D7 7 A WA TH— B A %75 LI T-FIHZ

® 2022 4EfF Oakbridge-CX, Wisteria/BDEC-01 (22— ID 249 285
BBy DT ¢ AT FEOFEPHCZRIRAOSE, AfaIAE L EEA, BE Ipomoea-01 CTOT 1 AYKED
BIFREE AT 723G, B OFRAHEERREAELET,

® 2022 4FEFE Oakbridge-CX, Wisteria/BDEC-01 (Z— ID Z457-72\ 55
FIFRH UIABT ¢ A7 BRI AABENRAELET,

2.2 2021 #HERIT Oakforest-PACS |[Z—HID #H L TERY ., 77 A VB TH—E A% LI-FIHE

® 2022 T Oakbridge-CX. Wisteria/BDEC-01 (22— ID 24§ 5354
FF#E Z & ORI OV T, BEENOT ¢ A7 BEOFIATIHAOSS, AESIIELEEA, BIT2HE
U122 —7"Z L OB OWTIE 2022 4E 11 A & THREAITRE LA, 2022 4 12 ARG BITEHE
LIeZN—7Z L OEREFIRT 572D IFEOFIAR LiAL TR BN ETY, flli& [pomoea-01 THT
AT REOBINTHRE 21T o758, B ORRERERRELET,

® 2022 ‘Ff¥ Oakbridge-CX, Wisteri/BDEC-01 |Zot— ID 45770\ Mha
2022 4 11 A £ CTEALIIFALEEA, 2022 4 12 ALUEIIRIRE LIABT 4 2 7 BRICHT 5 AHEE05%
£LET,
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3. EHBRAH OV —E RIZONT

31 usAy/)—RP—t=R

T AR DTD DY — NV EFIHTE72008EEE LT, nr/fr/—FE 2 fHAELTWET, v/ qr/— R
W H—THh—EREATo TVDMD A= B a—Z AT KRR, ARSI K D8 s 7e 0 £, &t
BERO IR, BEgeR A N 72 EOFEICOWTL, %t % — Web ~3—%° Ipomoea-01 FIfISHER—4 VAR L TL 72
EYAN

32 AT AORIAA A=Y
Ipomoea-01 O ZFIHA A—TIL, BB LZX 1 0EY T,
Wisteria/BDEC-01

094>/ — ke ~ IPOMOEa-01 =
oo«>/—R 1 IPAITIER §1‘5IJ774) SZSPN
4 J (F) OJA> ) — REHSOHT ATk Pl [y
L AN
\

Oakbridge-CX 77O
— . . ’-Daa‘,(r}l/ge_ Reg — ) ~Ipomoea-01
7RIS 001>/ —F&  \ srroex

09> /—R ‘
SSH 145t T oo -k \
(SEEREE) | %

- )

§ y /
. . . ~ FIFRSZIRR—AIL
T—HERRIRE —
SSH 15458 " SSHPHIEESR
(BERED . U‘J—%ﬁ%@fcﬁa
Web (1) Ipomoea-01 (R FL—S3 ZF LD,

I
1. SRFLDTHRAA—S

STEAD> 3 T ZRTI BRREFHDERA.

33 77 ANTVAT A
TrANVAT AL, VAT AERE (M D) [ZHDIEY WHT 7 A NV AT BOHTHRSNET,
AWH 7 7 A L 2T 1% DDN #H4Uod Lustre ~—20¢ DDN EXAScaler Tt Ed, TLUFD 2507 4 L2
M7 7 ANVEARFT 5 2 E N TE, Ipomoea01 D17 A 2 ) — REEHTETClE72< . Oakbridge-CX,
Wisteria/BDEC-01 D17 A > ) — REERLH T 7 A NVT 78 A (T 7 A NOGe-AIr, FHEIAI) DIARETT, EOML, 7
DN #— Web ~2—%° Ipomoea-01 FIFSHER— 4 /U TRALE W= LET,

®  /home/— ¥4 (=—H ID) : R Z & Otk
® |workl/N—T (T Yz ha—R)  T—T T L O

4. oA

BHORERL, Yt Z— Web ~— (httpsi/iwww.ce.u-tokyo.acjp) (2 CREFR ZRAVZ LET, A—/UTL HRIWED
HAZOWTIL, FHANZ Web A= TIEHRD 2 THERD F, 2780 uketsuke@ce.u-tokyo.acjp & THFA W= LET,
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Oakbr idge-CX & Wisteria/BDEC-01 Tz %
TSt E 558 MATLAB oD CT#24T
PREE R, hE D5

MathWorks Japan

1. [FLCBHIC

VATLABY I, $kE T AD P =T RREE N, T — X Offre7 v 2 ) X LORSE, 5710
ERUCHER L T2 7 r 77 I 7B XOHIERHAE T T v R 74— 5T, 1970 FREHIC,
Fortran TIERL S-S5 OITHIEBERY 7 & LTEt4A LE L= (Classic MATLAB), &
& 72572 LINPACK & EISPACK i%, MBEDITHIGIHIZISIT 2 B deditiD Fortran 7 V—F o T A
77U T LR, FAED Fortran 7' 1 77 A&k ENTIZ, HICES 2N TEL X, &
DAMTHEEENZbDTY, N—YFLar bt a—2—0ORAMA4E U T, 1THEFEICRXK
BB NEREE DR ATRE L 22 o Te 2 D, b o LIRS TAEEMO S WBINGHRERE R = v =
TR EIIISLETH D, & OREDIT, 1984 4 MathWorks fE2NAIRE S 41, 4 D MATLAB 23
FELE LS,

30 LA LIZPED B A8 UC, MATLAB IXHR 1722 T 7 1w 7 ABkRe 2 f 2, T — % ~D
TIRA BMETA 7T U DOIER (C/C++/Fortran/Python®) 236, 7 /L = A LBHFE, C/C++/GPU =
— RAR, MAALFIEE C—E LR EFEEE 375, HAR MR SHEOMNE B IHA
BAREREE~ R LE LT,

F—RADTIZER 7T Y XL fmROEEF - 77 VEH
r | ™ : .

Feadx}p

% = fft(dat
¥ = 20%logll

f =30
ETYVT
= ST
PAIYXL | "
| T H HHaAHFRR
\. |
“ Eor k=1:max | “ E /i--

FTTUG—ay
[LES

T7Vr— 3w

MATLAB gycol
oxe C/C++

Java i
L : 1& =

1 FABREEREE & L C D MATLAB

Vo= TV S—varmr YT

Py =T WA —H IR V=T

3 A History of MATLAB, Proceedings of the ACM on Programming Languages, Vol. 4, No.
HOPL, June 2020
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ZOM, Halha—Y—=— XK X5 EC, HEERE, B 5L - mE, Wi, 7R
ROFHAL, EWMAMEE, SEMTRICRIT2ET U 70T, MEt - Bl e, A
EEfE R e E OB EF A ORI T RA R ZBIR L C&E F Lc, B RETHHEAN
=W RA T A v A (Campus—Wide License) Tlf, A—/N—a Lt a—H—T AT A
THBB3 % MATLAB Parallel Server™b &, “FAERHAIEIL, 100 FEHL LIZES, 12FF
T O MathWorks B & IERIE CRIAHFRE TS, £ DA —R—ar B a—&— 27 LZEFIH
FRERT AT Iy 72— —L, HRRKRFOTA U AEZFHT DL ENTEET,

2. MATLAB ¢thdTRI SIS VT ERELEDEHE

MATLAB =2 API A4 5 L, MATLAB DF A7 kv 7 & v a rZaE, tho
077 IV EREANS MATLAB i< REFITT 5 2 EAAREIZZR D 9, MATLAB = 2
APT 1%, AFOSE N LAIHIRE ¢, A——aL Pa—F—L AT ANLY, BT K4
VLR RIS £ T,

® (/C++

[ ] '
Fortran Your Coding

® Java® Environment

® Python

EOT 0T I VERETRE ST — FE MATLAB 22 OIFO T Z &N TEET 5
IO, MBI SNICEELEENCTH 2 LR, BRI T T IV VEEEHER
T LT —LBPDOEFETH =T 4 VI T HTDOREMZI D Leh 6, HFERTEIZ T HIREH
BT LN TEET,

MATLAB Othar
' Code

3. VATLAB i F|MEBDHE

VATLAB (ZiF—H OB C~v L F ALy RTUBINL L0 L H ) £, WHLED =D
T KA ELE T D Parallel Computing Toolbox™Z&{#i 5 Z & CMATLAB '@ 7/'F AX° Simulink®
Valb—ya v EWSITEITTEET S, S BITMATLAB Parallel Server 5 Z LT/ F
AP =V NAT =T U R T 5B TEET, D CPU 22 7R GPU & fifi - 7o M FILER I
Bz 7o Bl cE £ (G2 X)),

4 https://jp. mathworks. com/support/requirements/language—interfaces. html
> https://jp. mathworks. com/help/matlab/external—-language—interfaces. html

8 https://jp. mathworks. com/solutions/parallel—computing. html
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%;/

Parallel Computing Toolbox

MATLAB Parallel Server

MATLAB

52X MATLAB DR —L7 7 DA A—TK

7 T AL —H—3—"TO MATLAB O FERIE, XIFEXOWFLE L Ny F o4 7m—
RIER O FIELD 2 TS & 0 F 97, s FIEL O F11E T FL0od mypar for. m Dif Y T,
parfor % FAT L7ZBRITH 3 KD X 5 IZ MATLAB &, HMLERZ1T H 77 7 A H —H—/3—@ MATLAB
Tt A (U —h—) & O/NZIH] T —v (parpool) Dt v 2 a VIRIREBIL, X AT RT — X B
FANZEE SNBSS E T,

myparfor.m

n = 200;
A = 500;
a = zeros(l,n);

parfor k = 1:n
a(k) = max(abs(eig(rand(A))));

end

bl

1‘k:ﬁ£§“44m4
ey T |

)

=

&
i

o]

~J
|

4

7]

i F1) 40

%3 X KRS A DS AL PR

F72, NyTFToOF 7 a— FEXOWIILEEOHIE Tt 2— ROi@EY T, batch =<2 KT
O myparfor.m ZF5E L, Pool 47 a v CIHFIBAIRE T2 LT, HA4KDO L HITr T
A Y =B — R —DNERTT TSN 7 — VD33 5 30 C parfor OIAFFNLENEIT S E T,

job = batch( myparfor’, "Pool’, 3);
wait (job)

out = fetchOutputs (job);

out = out{l};
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batch ./:
P I

B4 Ny FTOF7v— FERXOIFIALE

4. Oakbridge-CX & Wisteria/BDEC-01 T MATLAB 3 %i| Az

WO KEEE I % — @ Oakbridge—CX & Wisteria/BDEC-01 ¢ Aquarius /— REET
MATLAB }; CNMATLAB Parallel Server 723M#iH T& £,

T AR =P — N—TWIBZIT O HE, Va7 AV a—7 L OEENYEICZR D 30
MATLAB Parallel Server TIZfIJE9 5 MATLAB ¥ a 7 A7 ¥ 2 —F Zf 5 kLSS, H— K3
=T 4DV aT ATV a—T L EEIESH T L H[EETY, Oakbridge-CX & Wisteria/BDEC-01
TIX & 1T E L@ Technical Computing Suite (TCS) DY g F A Y 2 —F L HHE L T E4,
MATLAB 75 3. TR LIS 2 EITT 5L, HBMNICY a 7 A Y a—T70Y a 7THA
DAZ YT IWERSI, Ya T AT Y a—T7 TV a7 RNFITE, MATLAB Parallel Server
DOIWHNFR DT d DT vt A (U —T—) ML A2 EIT L £,

%5 5 X Wisteria/BDEC-01 THFHHA DU SR A F4T L /-5 52
07 A/ —=RTMAILAB 27 A7 by 7IELCERIL, 74 —7 7 == T OFEEITHI A7 VT M FEAT
THE, HENICY a 727 P2a—50Ya 7HARZ U7 MK - #7580, #5H 7 — F (Wisteria

Aquarius) TGPU i~ CF 4 —7 T —= 7 OZEEMTbE T,
Oakbridge—CX & Wisteria/BDEC-01 Ti%, MATLAB OIFFIWLER/N T B, 2. [T U721

DT RT T FEE OBEEEIT o T ALEL S FIRE T, MATLAB % 32 BARK 2 FIEIZ D
W, AR =2 0ICHD R A2 b IMATLAB ¥ a 7EEEFIEE ] 28R Z 30,
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TMATLAB) iZ§tBA%k : T8 % - 7—4 - T ME,
Al-for-HPC/Al-for-Science DB AMITT

hE BFE
FORRZA G R v 2 —

1. MATLAB A

WESSHEMIZET S, Bt U2 —TIIEE2 A 25 B& Y MATLAB' QRS ERRME L 1=,
Oakbridge-CX? B U Wisteria/BDEC-01 (Aquarius) * TR 5 EMTE S, FIHITKRE,
FR, R, @HEOF ARG T 2HEERBICTBET 2027 W7 Iy 7 a—H—ic
REISNTEY, SECHERBEICHTIROFILIRHETERNnWI L, TOITHEEBENTS
RETHDH, REAWEREFEOHEFTLHEGTRAREZRGG b H D720, @RI T
7272 % 7=\ (uketsuke(at)cc.u-tokyo.ac.jp 56 C)

2. Wisteria/BDEC-01 - h3-Open-BDEC Ik % T&#tH - ¥—4 - £F ME,
Al-for-HPC/Al-for-Science )=

HR K PG RN = % —T 2021 4 5 AIZEM % BALE L7c [Wisteria/BDEC-014) 1%, 3
2 L— 3 (Simulation) + 7—% (Data) - 3% (Learning) (S+D+L)] &% HE9 BDEC
AT MEAR (Big Data & Extreme Computing) (CZEES< VA7 ADH 1 5HETHD, I 2L
—Y a3y /— REE (Odyssey) &7 —# - 58— Rt (Aquarius) @2 DOFMHE ) — REEEZH
LY AT ATHD (@ 1), ¥Ia2lb—ar/—FEE (Odyssey) &7 —4% « 58— Fif
(Aquarius) (%, &FF 160 A InfiniBand EDR (100Gbps) Z#HW\T2.0TB/ DRy U —7
Ny RIBTHEINTWD, £, 7—% - 78/ — Nt (Aquarius) &7 800 Gbps D
kU — 7 BRI TN & OBIE N AEECTd D, Aquarius DD / — KX SINET 2 DM+
v FT—=2%HLT, b—_"—, A b=, Br¥—Fy NT—7 2ETEL RIS Y —
AZHEBET 7B AARETH Y, BT —2 %V TZ A NIV AAL TN, YIalb—va
VNIFHTHZ ELERETH D,

Yt X —TCH%E L7 TppOpen-HPC (HENF = —= A HTH7 7Y r—a VB
% - EITEREE) 1, Th3-Open-BDEC ([FE+5— 4 +58 | fhE O ODOEHRNY 7 b =T
HAg) o) ZRIAL, SHRERT SV —a ARSI T H 2 LINWRETH S, EHERE
VIalb—va I3 ORE, IERBRMEEZR D 2, ZEONRTA—FAZT 1 INLE
L 72 %, Wisteria/BDEC-01 Tl¥, B IC LD/ T A —FHEEE, SMNBNOLIV AT
R - BT — 2L AR ARG T, EfEARE L0 R TR A Z LA ABELT
W% (¥2), h3-Open-BDEC (ZZ D L H 727 7V r—3 a OB EXHET HHEEEE & b,
YIalb—vary/— Rt (Odyssey) &7 —% - %8 ) — Nt (Aquarius) DA LT —2

https://jp.mathworks.com/products/matlab.html
https://www.cc.u-tokyo.ac.jp/supercomputer/obcx/service/matlab.php
https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/matlab.php
https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/
https://github.com/Post-Peta-Crest/ppOpenHPC
http://nkl.cc.u-tokyo.ac.jp/h3-Open-BDEC/

1
2
3
4
5
6
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n— ROFETEIET HEELREL TWD [ZE R 1,21,

chsDY 7 9 xF7 (h3-Open-SYS/WaitlO-Socket, h3-Open-UTIL/MP) [ 2022 £ 6
AM 5 Wisteria/BDEC-01 CHRIFAAREE i > TH Y, Odyssey & Aquarius %@ & 7-21T
MNAREEGE-oTLND (B3, E4), BMllE [BEXMK 3-6] 2KV EEEL,

X 2

A==y V¥ a—F4 v Za—R - 14 - Vol. 24, No4 2022

YEalb—Yav/—F#
Odyssey
Fujitsu/Arm A64FX

25.9PF, 7.8PBI/s

Shared File Fast File
System System
#BIZMI F—ASeT B mEIFAI
SRTL Aquarius SRTL
(SFS) Intel Ice Lake + NVIDIA A100 (FFS)
25.8 PB, 500GB/s 7.20PF, 578.2TB/s 1PB, 1.0TB/s

800 Gbps

q External
Resources

[FEEE R S
SEY—R

ork
SNE YT —5

1 Wisteria/BDEC-01 O#fEE

HERFI—F

2alb—vay
/—F#, Odyssey

Wisteria/BDEC-01
WRFE. DDA P Py

T—45E{E




IceLake+A100

ARM: A64FX

HPC App Analysis/ML
(Fortran) App
(Python)
F<->P adapter
n3o-U/MP h30-U/MP
Coupling
IB-EDR

3 h3-Open-UTIL/MP |2 L %, Odyssey (FGHHEFIF) - Aquarius (HgpR2E)
Y — 7 m— Fofl [1,2]

Aquarius

Fortran APP Python APP
(NICAM) (PyTorch)
o [ h3opp.py
=
; h3open modules
'_
> h3open modules
5—<
o
8 o Jcup modules Jcup modules
n |8 ; -
< jecup_mpi_lib.f90 jcup_mpi_lib.f90

MPI wrapper

MPI+WaitlO

4 h3-Open-UTIL/MP - h3-Open-SYS/WaitlO-Socket & MPI Z {}f | L 7=
BHRFERE S 7' r 7T A OfERL [1,2]

3. MATLAB ~D#A#F

MATLAB (ZEEFHE, 7 — ¥ ffbT, Mg 7 & ok x o2 AR — 1 L, 743U XA
BRFESCE T MERIZE A ST\ 5, Fortran, C/C++, Python 5 CRtik L7271 7 A G
O Z &R TE M, 4 72 CPU, GPU, ZNH DY FAZ THEHT 5 Z L BARETH 5,

Yt o —DFHEDOIZEAEE, BIE, $3A—72 Y =207 077 L EFETL T
%, AEO MATLAB HAIZHZ->TiE, 20X I a—VP—OEE2EELT, Yus 74
275 MATLAB % FEOME 3 HEREICRFICE H LT,

MATLAB O 7 — Z ff#ir, B8 CBdE T 2 g ke s, = —V—0HERF I 21—
varva—RrflAradbEbsZticroT, THE - FT—% - %8 @b,
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Al-for-HPC/Al-for-Science D FEHIZE T2 H D L #IFF L T\ 5, MATLAB I Odyssey TI3FIH
TEARWVWbL OO, B TH A L7 h3-Open-UTIL/MP, h3-Open-SYS/WailO-Socket %5
h3-Open-BDEC @Y 7 s v = 7 BEZE 34U, Odyssey TB#I9- 25 7' 2 7 Z A)vD, MATLAB
MOV T Aquarius EO T 0 T ALEEIELZ ELRS THSD, £7-, h3-Open-BDEC %
xR CEIET 5729, MATLAB L fAGDETY 7 =7 KON THHE - 7 —4 - 5278
Ala, Al-for-HPC/Al-for-Science M5 2 5 D K 4 Efii L TW < FETH D,

25 —TI&, 2020 FFEL YHFIETHRLBEERE IAl for HPC : Society 5.0 EBEAF
= ATHE - T—SHZICESHERZOERELR (B1T) '] #REL TV 5. REEH B
BEELEL->TWEA, #IC MATLAB #FRALE THE - T—42 - 328 ME,
Al-for-HPC/Al-for-Science DEMZHML L TIV\S, CHREHDH (B1—Y—ICXBEET)
%, 23k uketsuke(at)cc.u-tokyo.ac.jp JETZ—H = E=1,

2 £ X B

[1] fEmER], M, WOoE4, st O, mEdE, PEFE, Waitlo-Socket : 5
AT L EOEEMPL 70 7T LGS T D87 A4 7 ) ORIE, 1§ RTS8 H
& (2021-HPC-181-7), 2021

2] FEME, SRR, G, REEEG, WOoEE, FxEE, SR, s, A
R, T M, SEEdE, BT — 2 ki L 2 BEMMES) ) 714 4 A FHl~mT 72
Fr, EWAABRE AR TR (2021-HPC-182-08), 2021

[3] fEmEw], WOH4, RSB, PEIFE, Wisteria/BDEC-01 FIHER 3) 7 —# =1
EELF 175U h3-Open-SYS/WaitlO (1/2), A—/R—aL V' a—F oV =a—A (i
KEEF I % —), Vol.24-2, 2022
https://www.cc.u-tokyo.ac.jp/public/VOL24/No2/10 202203 Wisteria-1.pdf

[4] FxET, WOE4A, WEEEL, EFE, Wisteria/BDEC-01 FIRHFH 4) 7 —F =1
LT 477U h3-Open-SYS/WaitlO (2/2), A—/S—a L Ea—TF 4V =a—A (BT
KFFRIEEE 2 —), Vol.24-3, 2022
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/12_202205-Wisteria-1.pdf

[5] )il B, J\f% 1, T EHFE, Wisteria/BDEC-01 FIASEHE (5) ~AF 7w s T Lk S
{75V h3-Open-UTIL/MP (12), A— 83—V a—F ¢ 7 =a—R (FFEKFEHER
k2 —), Vol.24-3, 2022
https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/13 202205-Wisteria-2.pdf

[6] )il B, MR Wi, (EIoEF], PEHFE, Wisteria/BDEC-01 FIFHER (5) v LvF7m s
F LHELT A 75 U h3-Open-UTIL/MP (2/2), A—/S—a L Ea—F 4V =a—2 (K
FRFEEREEE ¥ —), Vol24-4, 2022 (REIZHBHETE)

7 https://www.cc.u-tokyo.ac.jp/eguide/exploratory/AlforHPC/
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U—T T4V L—-TA/AE—\(—X

IC -

2202 VON ¥g TOA

4-5 A D TaTdEt

1. Wisteria/BDEC-01 A—/N\—aE 1 —4L AT L (Odyssey) 37 f0IEIKR  (RedHat Enterprise Linux 8)

WEAR ey |7 VERRGE] | T RARW D AR | wmh |

®A | BREMORMRER o, 0 | Sumar [0 xorvaz| B | ome | juswe | EOPD) | Fumzr | 4277 | svgvay il i
2022448 1,687 456 6,822 184 241 13,256 30,076 1,225 1,203,879 8,038 366 45 703,985 1,139.2 148
58 1,794 506 8,152 228 647 38,581 55,029 1,312 1,387,835 2,068 578 73 1,114,477 1,524.7 19.9
2021458 860 206 3,348 54 188 6,718 13,623 148 66,121 697.32 40 35 336.219 822.0 10.7
68 974 270 5,845 97 186 12,367 23,491 361 189,018 1,398.60 122 36 606.566 8425 11.0
78 1,103 229 4,638 66 64 10,730 24,723 438 211,696 1,670.10 74 10 996,901 1,492.2 194
8H 939 147 2,212 82 28 4,551 9,866 383 128,337 2,218.48 255 6 123,322 2194 29
9H 1,058 196 3,835 76 150 20,431 19,769 434 246,063 1,944.79 281 40 204,279 289.0 3.8
108 1,193 311 5,221 256 226 12,759 27,589 580 396,240 836.51 284 85 351,435 480.9 6.3
1A 1,279 256 5,337 76 311 7,340 26,676 774 515,631 3,092.91 86 91 147,549 208.8 217
128 1,286 298 6,189 76 366 9,752 31,952 837 833,732 1,879.83 123 64 672,591 920.1 12.0
2022411 1,323 294 7,329 92 220 27,108 33,550 961 979,806 1,926.47 256 60 801,198 1,096.0 143
28 1,293 269 6,015 168 275 13,449 29,553 1,105 1,021,929 2,675.51 496 124 813,968 1,235.3 16.1
38 1,221 265 6,896 135 187 60,265 31,203 1,131 1,007,327 9,642.52 322 42 1,222,254 1,715.7 22.3

&5t 68,491 1,536 2,901 230,589 343,477 37,392 3,243 676 7,758,525

-AIEER(L. 20215 B 14A K YRBASE, EX Y —E XL, 202148828 LYRE

-EEER: OJ /RO RET
“OJ 42 (ECPU) : 7R B
-2021 5 AT EEHCEF R

/RS AVESOTATEEIVNYFoaT DFEFME1/—FA100%BELI=ERELISE DO FIA/—F 3.

FEX=17ADAUEF0T4ITHELU N\ FOaTRBHEEH 17 A DREEM
/—RRAR: Y—ER/—FIIRTHFIALE,

CTHRENS DEISRYMN TS E Lz, BFEUPLTETEWLET,

HERX=/—FRAK - —ER/—FH x 100

A AR ARKR . .
I ‘ S ERI — R ISR
45,000 1,800,000
40,000 1,600,000
35,000 1,400,000
30,000 1,200,000
25,000 1,000,000
20,000 800,000
15,000 600,000
10,000 400,000
5,000 200,000
0 — e 0
[ G R R G S G R R R G
g 0° e - = o 2 - & g o ©cni{kn
S ] = S5O TAT M
< Q =\ FOITHH
Pt Ll (AR 22 2]

J—RFI A=

FIFAE(%)
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70
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40
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0
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2. Wisteria/BDEC-01 R —/S\—a Ea1—% X T L (Aquarius) 37 MLIBIRR  (RedHat Enterprise Linux 8)

pusLs - SEEEFR (cPumGRBRRD | TiyGPU GPU
%A 550707 | Sgvaz | 777 | sorvas FAH FIAE
(GPUL) (%)
202244 1 422 4911 277 59,779 97.2 27.0
58 541 6,831 338 88,557 1216 338
2021458 252 5,095 158 35,646 875 24.3
68 953 21,394 1,245 101,956 1433 39.8
78 1,540 15,155 1,531 117,749 180.9 50.3
8H 466 3,004 470 31677 67.9 18.9
98 480 3,599 358 45,671 65.1 18.1
108 272 3,139 91 63,871 875 24.3
118 1,122 5824 1,107 63,864 91.9 255
128 1,077 7,209 957 107,582 1485 M2
202241 615 8,846 623 100,024 137.7 38.2
28 863 6,116 801 96,072 147.0 408
38 479 7,204 417 108,978 150.1 417
S 8,830 93,232 8215 991,780

-SRI, 202145 A 14A KYBE, EX Y —ERIE, 202148828 & YR

CEHRER. ZRAEY. OV, R, D7 LERE.
044> (2CPU) [£Wisteira/BDEC-01(Odyssey) &£ 3@,

“2021 5 A MEEFHZEFE LW

“GPURIAE: 12359 T4TBEUNYFTaT ORBEFEE 1GPUA100%EN1ELT- LR E L 115 & D FIAGPUH,
HERXR=17ADAUE59T4TEEUNYF 3T RBEH &5+ 17 B ORI

-GPURIAAER: H—ERGPUIZHT HFIMALLE,
FTHRER D DIEISRYN TS FE Lz, BEULTETEWLET,

SE R =GPUFI %+~ —E RGPU% x 100

A Bl FI AR5
B TEHEFR(GPURSR)
30,000 180,000
25,000 150,000
20,000 120,000
15,000 90,000
10,000 / 60,000
5,000 ]:I 30,000
0 S S - 0
moOm @M M I M I M T M I
g0 0 T 22 = ¥ g Y °leEmmasssronn
S 8 A\ F T
“‘ ~ e EE R ST AEB)

FIFAZ(%)
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3. Oakbridge—-CX R—/N—aAVE1—8L AT LT3 T IR (Red Hat Enterprise Linux 7, CentOS 7)

U—T T4V L—-TA/AE—\(—X

_EZ_

2202 VON ¥g TOA

B 5 S I74 L {EAE [GiB] 0545 SEEER [/—FERE] (B8R Tt/ =N
FA | BRER(RABIA| o0 | sumae [0 torar| BE | home | ok | @OPD) | Fumar | 5277 | survay nEe |
- 0,
2022448 1,095 312 6,123 10 310 75,245 24,901 1461 | 1,384,480 398148 0 112 389,831 630.5 46.1
58 1,185 324| 12165 0 851 248,400 40,747 1465 | 1423688 2,470.79 0 254 597,464 818.0 59.8
2021458 1,196 299 6,395 0 982 60221 38,699 874 | 1,292,853 8,996.00 0 992 513.767 7040 515
68 1,087 358 8,649 43 1,356 79,376 48,740 993 | 1,357,480 285351 1 1,093 587,184 832.8 60.9
18 1,132 366 8,545 42 1,860 62710 57,857 1017 | 1430169 |  16,807.20 2 674 666.144 909.4 66.5
8A 1,141 278 5,494 59 1,814 31,559 22,299 1,060 | 1499355 4136.73 5 592 524,972 945.0 69.1
98 1,067 284 6,700 17 1,585 31,851 32,068 1,095 | 1,592,894 231447 0 592 646,063 10157 74.2
108 1,120 305 8,969 29 3,898 72,268 48,565 1,183 | 1,697,798 3,616.60 3 1,253 772,159 1,057.7 773
18 1,179 348 8,683 0 7,370 63,788 49,289 1227 |  1860,386 3446.55 0 881 740267 10485 76.6
128 1,187 362 9,052 2 763 73,500 43,544 1377 1883279 2,295.56 0 258 742,688 1,016.8 743
2022418 1,200 375 | 10915 0 497 84,721 50,652 1522 | 1941483 7,899.93 0 262 726,123 994.1 72.7
28 1,229 328 7,404 0 521 70,221 38,572 1507 | 1,842,598 2,126.96 0 192 609,550 925.1 67.6
38 1,245 317 6,767 0 403 48,195 39,693 1579 | 1674826 3,006.83 0 228 589,505 830.9 60.7
a5t 99,466 202 21208 | 941834 496,927 54,957 11 6391 | 7,591,950
EGERE: DS UBRIO Rt J—RHRIBE: AUES0TATEEVNYF 3T ORBEEREZE1/—R AN 100%E1EL =R ELIIZEDFIA/—F .
OS5 A2 (ECPU) . O7RERIEfL HEKX=17ADIUE50T4TELUNYFUaTRBIEMEE 17 B OB BERH
20215 A R EEFHIEFLL /—RRAR: Y—ER/—FIITRALE, HEX=/—FRHBAK-Y—ER/—FH X100
FTHRED DEISRYN SIS EL 2, BEVLTETEWLET,
A RIF IRR J—RH# A=
I EER R —FEER) FIFE(%)
300,000 1,000,000 100
270,000 900,000 20
240,000 800,000 80
210,000 700,000 70
180,000 600,000 60
150,000 500,000 50
120,000 400,000 40
90,000 300,000 30
60,000 200,000 20
30,000 100,000 10
0 — ‘ — 0 ° T rom @ omomomomom @ @@
TEETEEE LT KR L L e g °°r"e° gz dgSs
£ T =
& & o A0Sy ) ~ ~




Wisteria/BDEC-01 #| =45 (6)
TILFFOY S LERKS A TS5 h3-Open-UTILIMP (2/2)

Sl (CliMTech)

IR (LB ET)

FonER GRRRFPEREEE % —)
HEIFE R KPR EEE 2 —)

1 [XLC®HIC

AiEl (2022 455 A5 [11EARIO 2 [T THEEO Y I 2 b—rvar 7 s T Ak
TL T3 - 7 —% - 8 a2 HEET 27907 47 Z Y h3-Open-UTIL/MP (DWW CHAMT
%o BIENE— MR — 7 —% 7 7 F Yy B CHEE T 7 77 L& E#LT 57 — ROV T L
7273, A [EIE h3-Open-UTIL/MP OFHEI 72 FHERE T b 5 SEEEFERTEER, Python APP Mifk, 7 >
> TV RHRERE 7 ST OW TR T B LR O BRI RS AT A OV TR TRE
WL TWDEDT, TNHICOWTRBROFEFILLICATEORFLZREINT, 7o, Rk
fid k& J28 9~ % 72 912 h3-Open-UTIL/MP 1X 7 A 77 U h3-Open-SYS/WaitlO ZF|H L T\ 573,
h3-Open-SYS/WaitlO (Z2OWTIEA—/S—a >y B a—TF (V= a—AFi4 5 L RIS
DR STV BR)BID T TERIRNWZ21T 5 L ThH D, h3-Open-SYS/WaitlO 7L 548
OB O, ¥ =T 2= AR EICETOMEER RSN N5, £ T, Kb
Tl h3-Open-SYS/WaitlO D EFHIC OV T H k95, ZeBrim & FEE, Zo ko estEly
RIS U TIEEARIC NEAGHR) OFELHY, —8iX=a I 2 =7 DIER - TEES (B
KEWLEERES) #HVD 2 & &35, F72LLUF ClE h3-Open-SYS/WaitlO [ HLIZ WaitlO & F i7"
Do

2 ERTERERKEEE

21 EREREROBE

FRURFAE R I T~ & — D Wisteria/BDEC-01 #1131 Uth, 4l B RFDORELUELERFFERA b
HOHER Y R 2 L—Z 7 & ITRIET —F7 7 F ¥ QR LEHOV TV A7 A THER S E
BREPHEZ TV D, ZHUTBRD A—R—a L P a—F ¢ U T OREEEN Y I 2 L—3 3 12
EEE LT, MR E ORI T — & R EERIMERED B2 D SRR X A VIR LTV DS 2
LIHET B0 TH D, ZNHDOY T VAT AR LITERNICIET 7 A VIEFIZ X > TRHE+
T A L BEPHEHERRE A EBL L TV AR, YTV R T AR TO Y TV A LIRS RIS
IR, Va2l =g Y ETORFETROV I 2 L— a VOB E O Y, 7y
A VR LT BRI B TG CE RS Lt FENER TE 5, 20 X 9 21D
WaitlO 23BA%E S 41, BHBREHE TR STV D X 2 ICBlT — 2 Ftic X 2 KA HtES U 7
B A LTRZe IR ST D, 2 O SR EEFAEZ h3-Open-UTIL/MP |ZHLA AT 45
\Z RV RFZERRE DR 2O T 0 7T bk BRI CH T 5 Z L 3 WRE L 72 D
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2.2 WaitlO 0 &#1E#R

RIET TR 72 K 5 12 WaitlO (ZHUE &R I BN B EA TH 0 31O L F48 % b B
TOEERD D, & 2 TAFITIE Waitl0 DIRFHFHRICONTHMT 2, AL FEHE I TH
N=T v 7T — D) BRAHEICERERLRT D Ol WaitlO 73 Environmental Modules (2% i L 7=
Z & Th %, Wisteria/BDEC-01 TIIERE X EIZ Environment Modules 2 HW\TEYD, 27317
DUV EZ 72 E% module 2~ RTITH KO- T 5, WaitlO D% iE 4 Environment
Modules T1T 2 A O BARR 72 2~ 0 RIEL I < —#%AI72 module load waitio T 5 7%, {FET &
BELT, BEEREBEZ A7 7Y &9 Waitlo ORENCHIST 7ol Sn s ar 3 f Z
R MPLIZIE L Ta~wy FTRESNDONENPET DLW S 2 L2355, Wisteria/BDEC-01 D
Odyssey C WaitlO # W26 02~y RIEK 1 O L9122 5!, Z0L XITHRESNHERES
B 212" T &8 THDH, —J, Aquarius T WaitlO Z WD 550a~ 2 REFREIND
BRI 3, 4R T & 51272 D, Waitlo ZFIH T 2 BIFEROBRE T/ n /I sk a v
RNAN VI FTHUERD LT, a3 L« ) U7 BRIOE U Clibl g a~ > RE v
TR b7, £72, V73 R&EITA 77 U BREIDL U CTHEEH D100 3T 477 Y
BRI D MR B 5, BARMIICIE Odyssey Tl AGAFX FHD T A 7 U T&H 5 libwaitio_a64fx.so
%, Aquarius TIIHD 22734 F X MPI 73 Intel+impi 7> gnu+ompi 2>Z)i U C libwaitio_intel.so
% L <1 libwaitio.so 2 Y 2795 L 912T 5,

$module purge
$module load odyssey
$module load waitio

1 Odyssey T WaitlO ® module load T8

WAITIO_INC=/work/opt/local/aarch64/apps/fj/1.2.35/fjmpi/1.2.35/waitio/1.0/include
WAITIO_SERVER_HOST=wisteria01l
WAITIO_DIR=/work/opt/local/aarch64/apps/fj/1.2.35/fjmpi/1.2.35/waitio/1.0
WAITIO_LIB=/work/opt/local/aarch64/apps/fj/1.2.35/fjmpi/1.2.35/waitio/1.0/lib

2 Odyssey TREE S 415 WaitlO DERETAEL

$module purge
$module load intel
$module load impi
$module load waitio

3 Aquarius "C® WaitlO @ module load FJIH

WAITIO_INC=/work/opt/local/x86_64/apps/intel/2021.2.0/impi/2021.2.0/waitio/1.0/include
WAITIO_SERVER_HOST=wisteria0l
WAITIO_DIR=/work/opt/local/x86_64/apps/intel/2021.2.0/impi/2021.2.0/waitio/1.0
WAITIO_LIB=/work/opt/local/x86_64/apps/intel/2021.2.0/impi/2021.2.0/waitio/1.0/lib

4 Aquarius THRIE 32D WaitlO DRI

Urk, a3 F0MPT BBl load STV U VRAE T module load waitio =~y K&
ITLTHIS L7 5,
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FATICE L CTHE 5 D X 92 module load =~ > K Cili] 72 WatilO BR i & 5% E L TR0 5 BN
b5, B 5 HROFITIX, EIT/34 F VU % geerompi TR L TV 5728, intel+impi T WaitlO
BREE 2% E L7121, %8 T gecrompi & load LT 5,

#!/bin/bash #!/bin/bash
#PJM -L rscgrp=regular-o #PJM -L rscgrp=regular-a
A I
module load fj module unload aquarius
module load fjmpi module unload gcc
module load waitio module load intel
module load impi
export WAITIO_MASTER_HOST="hostname" module load waitio
export WAITIO_MASTER_PORT=7100
export WAITIO_PBID=0 export WAITIO_MASTER_HOST="waitio-serv -c
export WAITIO_NPB=2 export WAITIO_MASTER_PORT=7100
export WAITIO_PBID=1
waitio-serv-a64fx -d -m $WAITIO_MASTER_HOST export WAITIO_NPB=2
mpiexec -np 160 ./nicam module unload intel
module unload impi
module load gcc ompi
mpiexec -n 20 ./ada

5 WaitlO & W /o SRR O FITV a 7227 U 7+ (£X @ Odyssey, 451X : Aquarius)

2.3 EHERERDERAGE

Ml h3-Open-UTIL/MP 78 £ 1 912 L C WaitlO & #ffs U BRI 2 FEH LT\ 5

ZtHT 5, WaitlO (3 BRI IE H O FEARBIE & L T waitio_isend, waitio_irecv, waitio_wait @
SHHARMEL TS, Zbld MPL ORFEOEKLEFI LA 2 —T =—A%HbH, K5HITH
HEBAGETH D, —F, h3-Open-UTIL/MP [LE T /L DT — X 252 % mpi_isend, mpi_irecv,
mpi_wait O 3FEOBE DA TEITL TWHIZ®D, Zib % Waitlo O EFERICE 2 5721
CTREFER T — # 2ZMIKHETE D, —F, T4 RBATONELT ne A TIET 7Y r—v 3
U OKREGEE 21T > TV D720, ZhE Waitlo TEEXMZ Z2MENSH D, + 2 TREGEEIC
DOWTIRT 7Y r—a YINOWEEE MPLTC, 77V r—3 2 U (= BEEFRER) OiE(E % Waitlo
TITH K olc L, kDT m 7T AEEZIK 6125”7, B THMOMT Aquarius T Python
OF TV r—arEEITT 070 s AMEETHDL, U OWTUIRE TR T 5, B
BEFERDERIC D 2 7' 77 MEEIIR O T, HFROMATRLE3SDETHD, ik FED
MPI+WaitlO [ KIGHRIE %479 LA ¥C, 22 THE MPI & WaitlO Z#AG bW CGREEFEHL
TWd, Eﬁiéﬁiﬁjﬂf IRIZHAT 2, T 2BRB0BIZRAEREEZITI LAY THDH, 22
T, BZEOHTERBT Y 7 — 2 Y OBAIE Waitllo %, [[l—7 7V 7r— a2 > O%41% MPI
%ﬁﬁb\fu_fé’i’ﬁ 9, FH 3B HDJEIXMPL & WaitlO A #t15 L Hi—0 APL Z #2{1£9° % Wrapper
LAY THD, ZHIZE-7T, h3-Open-UITL/MP AED 22— REEIET 5 Z L 7a <, BFERERE
BUTHIS S ED Z LR HREL e 0, FIBEMERIERHEN 70 7T AL b EZITHI VR /R L 72D,
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Odyssey Aquarius

N - S
N

\
Python APP
h3opp.py
h3open_py.f90

h3-Open-UTIL/MP

-
4

Fortran APP

h3-Open-

I
1
1
1
I
UTIL/MP !
1

MPI wrapper

6 h3-Open-UTIL/MP+WaitlO 0 7' 11 7" 5 L

WA EX B FEED MPIH+Waitlo 8 E D X H I L CEB SN TV D0 &3 5, h3-Open-
UTIL/MP 728 Fl VT 5 KI5 A MPT b — 5 > 1% MPI_Bcast, MPI_Gather, MPI_Reduce,
MPI_Allreduce ® 4 FEFIZIR HA T Y, SEREREN CIZZ 5D/ —F > % WaitlO O AR
FEBI% . MPI OXRIGBRFERI A MAGHOE CEITEL W 2Ic/h s, Z Ok, RHEFREK O
KIGH{E % waitio_isend/irecv & F\N T2 2%k Z01(5 THET 2 L WHIHBIA K X 72 o BRI KT
IETE R DMENR o1, B OBEILST 7V r—ya v ORET 2 AMORH
D 1R 1ETITO K HIT Ui, FEENEH LA MPL_Gether (ZFH 492 RIGGl(E % 4 &
LT 7127 d, MCRICIEAT 3 2DOMAROESOT 7Y r—3a Uik, llx os s
D7t AERLTND, EWmONIIET 7 r—rvarofE7TeA(BaeF et A=
King) Th 5, ROEGEWIUMAD Gather JeD 7 & A(root) & 9% &, 13 U HIZ MPI B4%% T King
WHEREED D, WNTT 7Y r—3 3 @ King % WaitlO Tilfg L, &#%&IZ MPI B Cxf
BT av AT —H kD, ROFITE Gahter FeO7T v A 2REFETnwALSO T nER L
L72A%, HFEAICIE Gather e 7 n v A IRET o AL R LBMFLEAETHLEZORED
TR IR D,

MPI T King ICEE®H 3

waitio_isend/irecv T root A*

FRE 9 3 King ICEEH 3

root B’FIET % King H*' 5

root [ MPI_isend/irecv

7 MPI+WaitlO % f\ 7= K@ (s o6 (Gather)
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2.4 EHIERER OB

AKETEY TN T 0TI AESRL OO, ;E%%@F'aﬁ #% D BARI) 72 FIEIZOWCEIAT 5,
7e B H BN ELEIZ DWW TIERT S OFLHE[1] THIR L TWD O T, I 2 T SRR ] k2 B

WA B ORERY BT 5, hummUHUMP@7477)&zw1iWMammmcoytf
NS TS, H—ifH & B CIX oA 77 VB RR 2O TIHEERLETH D, £12
SRR X Odyssey H & Aquerius HCH R D74 77 VEHWAIRLERSH D, T4 77 VD
AFNTVTIBE L (libjeupd.a & libh3owa) TT 4 L7 b UIZ Ko THEWITA L 5127~ T
W5, BEFERERA DT A 7 Z7 VA I N—RT 7 ANDT 4 L7 N UERITK 8 ITRT &
YT, include & lib 7 1 L2 b U D FIZ odyssey & aquarius 7 4 L2 FUBRHY, K52 DA
TLEHADA L TN—=RT 7 ANETAT T IURBEMIITND, 65T, Odyssey HHD/SAF 1
ZERRT D BRIL odyssey 7 4 L7 U %, Aquarius DO 3A U AT D ERIT aquarius T 4 L
7 b zehEhZB4 5, AT, 2.1 ETh~7 L 92w Waitlo £ =2 —/L% load ¥
Do

/work/share/h3-Open-UTIL-MP/h3ou_waitio

— include
" odyssey
~ aquarius
lib
— odyssey
~ aquarius

X8 h3-Open-UTIL/MI+WaitlO D7 4 L7 kY

SRR O T VT a 7T MFRE Tk % Python APP kDY 7T m s nk L
|2 /work/share/h3-Open-UTIL-MP/src/sample/h3ou_waitio L FIZE NIV TWN D, THEE Y 72T ¢
L7 RU®a e —L test waitio/sre [ZRE) LT 91289 & 512 Odyssey & Aquarius DE Y = —
IWEREZRAT 272 F T make =~ R&FATT 5, 71 7T ADIFELTI test_waitio/run LT TH 5,
go_nicam.sh 7% Odyssey /1, go_ada_aquarius.sh 7% Aquarius HO Y 2 7227 V7 N ThdH, T
LERT CTYa TIBEATHETm 7T ARFEITEND, FITT 4 L7 b U IZ h3ou*log.PE* 7 7
ANDBH I ENT 7 4 VORREIZ,

>>>>>>>>>>>>>>> h3ou_coupling_end IN

<<<<<<<<<<<<<<< h3ou_coupling _end OUT

DEIICHERE T I N—F DA v =B AHENTOIUTETIIR N TH 5,
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#How to make nicam and ada
cd src

export SYSTEM=odyssey
module purge

module load odyssey

module load waitio

make clean

make nicam

export SYSTEM=aquarius
module purge

module load intel impi
module load waitio
module unload intel impi
module load gcc ompi
make clean

make ada

K9 BESRERSERY ST a s T Aa0ar 1 VEE

3 Python APP &Rk

A5 T h3-Open-UTIL/MP OESERERED—->Td % Python 77V & —3 7 O REEHEIC S
WCREHTS 2, 13 U DIZ Python API OffiE & AAARIZ DWW TEEBI L, W T Python 77U r—<
3 U EHRRT 5 T2 OB FlE A BARBIC S & S>OAT 5,
3.1 Python AP| M #&iE & 114

h3-Open-UTIL/MP ¢ =— KX Fortran CTELil S4LTH Y, *A 7 1 77 API X Fortran DE
2 — /U CIRAEE LT D, Python 1 C S0 B Z MOV T HEEE R Ff D C S5 & OB
#5 T %73 Fortran DE Y = — /L&A EHENT 5 2 LT TE2R0, LA L7225 Fortran2003 LA
FeClX C B0 AMA ¥ —7 = — A% RIS DAL STV D72, ZokkRe
A5 Z & T Python 5 C FREDOB% L LT Fortran OH 7 /—F > (REH) 22— 1T25%F
NTE D, BARN)5E% h3-Open-UTIL/MP O LY 7 v —F &4 & LCHiHT %, h3-
Open-UTIL/MP D)Lt 7 /L—F  h3ou_init ITE T /L4 L% E T 7 A V4 (3 L O optional 5
BLELTT U T 252 580> T, ZOY 7 /L—F % Python 75U
WD LI, FEY2a—/MIEENR Fortran 7 NV —F U EEFRT H, P 7 r—F o0
Bl %2 10 1273, C ERBEIT T O Fortran & 5872 TUND 72 80 CFH 2 9 BRI LS8N
BEERED2OD5 (AT Z L1225, 20 2 OOfEN 5% get_char_str ¢ Fortran 0 L5
\CEH# L, h3-Open-UTIL/MP @ %A 7 4 7 APl T 5 h3ou_init & 2—/V95, ZOH 7 NL—F
NV bind(C)JEMER NS 4L, 242 & - T Python 225 1% C SREOEE L CIFOHE 2 &2
FRE & 72 %, AL E G TR FE APT /L —F 1 EIX] 6 @ h3open_py.f90 IZASHHI S LTV D, IRITHE
U LT & 5 Python ORI A X 11 12777, 1L UDIT argtypes TA v F—7 = — A& EH L,
DUNT restypes CRIEOIREZ EFRT D, T I THHEEZR L (c_void_p) 526N TN5,
SN TERHE C FEORA X RIZEB S UK 10 1278 4072 Fortran Y7 b—F | JE X
nadEEbI, XFTFNOESHRA U Z515ELTHEINS,
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subroutine h3oup_init(comp_name, comp_name_len, config_name, &
config_name_len) bind(C)
use h3ou_py_base, only : get_char_str
use h3ou_api, only : h3ou_init
implicit none

character(len=1) :: comp_name(*)
integer, intent(IN) :: comp_name_len
character(len=1) :: config_name(*)

integer, intent(IN) :: config_name_len

call h3ou_init(trim(get_char_str(comp_name, comp_name_len)), &
trim(get_char_str(config_name, config_name_len)))

end subroutine h3oup_init

10 PythonAPP H#if{H] Fortran API O PN%5 45

def h3ou_init(comp_name, config_file_name):

h3oupf.h3oup_init.argtypes = [
ctypes.POINTER (ctypes.c_char),
ctypes.POINTER(ctypes.c_int32),
ctypes.POINTER (ctypes.c_char),
ctypes.POINTER(ctypes.c_int32)
1

h3oupf.h3oup_init.restype = ctypes.c_void_p

comp = ctypes.create_string_buffer(comp_name.encode("utf-8"))
comp_len = len(comp_name)

config = ctypes.create_string_buffer(config_file_name.encode("utf-8"))
config_len = len(config_file_name)

h3oupf.h3oup_init(comp, ctypes.byref(ctypes.c_int32(comp_len)), ¥
config, ctypes.byref(ctypes.c_int32(config_len)))

11 APython APP 5 APT DN

3.2 Python APP 47D 1= DIBIEIEE

Python DRI, BERTA 7T VHREHRORBHE NGRS TEY, 2607 A7
Z VAR 52 & TRERMEREZEICER TR/ TED, LI RIZH D, Python
TV = a rERERT LS HIOGE UGl e 74 77 Va2 v A b= L CHIATS
TLITRDH, TOBE, VAT ARBICIEA VA M= TEFa— PRI B A AT 5 2
LT72 D, Z DT O FIEIL Wisteria/BDEC-01 ¥ A 7 AH T3] & &, il F5| % E (Version
1.1.9) TIX 192 X—¥ 192558/ r =V DA A b=/ ik IZRE SN TS, ZOFIE
\Z%€ > T/work/groupname/username/packagename (24 > A N— /LI T A T T VEEHLY 3 7 A
7 U7 FAT,

source /work/groupname/username/packagename/bin/activate

RS Z & TV a TICEA I Python V0 7T AL BIRAEREL 72 5,
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3.3 Python 704 5 LD AE

h3-Open-UTIL/MP @ Python API = — R |%/work/h3-Open-UTIL/MP/h3ou_waitio/include/aquarius (Z
7 7 A V4 h3oupy THAI STV D, 65T, 2@ APL W2 IR 12 1IZRT X 5 12 45%
TA VY RNV AZRE L ET h3ou % import 75, A Y HR—hL7=FA4 77 VICxLT
h3opp.h3ou_init(comp_name, config_name)? & 9 (2 APl % ==—/L§ %% C h3-Open-UTIL/MP %
Python N HFIHT 5 Z LR TE D,

import os

import sys

sys.path.append(os.path.join(os.path.dirname(__file_ ), ¥
"/work/share/h3-Open-UTIL-MP/h3ou_waitio/include/aquarius"))

import h3ou as h3opp

A

print("H3Open Adaptive Data Analyzer initialization start, comp name = ", comp_name)

h3opp.h3ou_init(comp_name, config_name)

X 12 Python APT &I i {31

3.4 Python APP & i () B {45

Python APP kDY 77w 7T AIREFE TR 5 BRSO 7w 7T Lk
L % |Z/work/share/h3-Open-UTIL-MP/src/sample/h3ou_waitio LA FIZE TV D, 2 AT Y 72T
4 L7 MU Dz — L test_python/src IZFEE) L TIX 9 ORIHIHIR S 4172 Odyssey DE Y = — /b
BRIEZAT 272 E T make =~ R&FE(TT 5, Python APP [ZDOWTIIERRRH I/ AL - Y
VU OWLENRTRNZ® make T 2 RORGHE Odyssey DT 0 7T LR EIRD, T T A
DFATIE test_python/run LL " Cd» 5, go_nicam.sh 7 Odyssey F D, go_ada_aquarius.sh 7% Aquarius
AOY a7 27 )7 v Thd, INLERIT TV a TITEATLET 07T ARFTEND, F
177 4 L7 R UIZ h3ou*log PE* 7 7 A L3I ST 7 A VD KJBIZ,

>>>>>55>>>>5>>> h3ou_coupling_end IN

<<<<KKKLKLKLKLKKL<L< h3ou_coupling_end OUT
DEITERE T I T N—F DR v —Y B SN TOIUZFETIER TH 5,

4 TUYUT)LEREEE
41 FoH U TILEROBE
T U T NGHREEIIAN T A RRT A =R EOBE R DTN EZ B DI 2 v
—va U EETL, MEROFRFHARHEB AL TIETH D, google T [7 U 7GR
[(ToHrInyIalb—yay] TREZETDIEE Y FTHOIXFTIFRL - [fEVI 2 L—Y
3 NCBET A=Y THOOND, ZOZENLHEHITESL L HIC, Ty T AEREITY
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I

=

S CIE RN A FIETH D, [EBIRIIIFMEER TR, NFT7 T4 T =7 Rl
IEHEIRBEIND L) ITHIME R EODL T RENRIERICKE HEEL L2 H T, o T
fHx DI 2 b—a URRAERICNIET 2 RHEEZEBL, H25WVITRHEEEORE %
EBINCFHI T A 72DI2 b 7 U TR EII R AT RO FETH 5, h3-Open-UTIL/MP (F3H AL
SNTZETNDOXRT ZEEEB L, FRICEEOERFHEEFTTLILNTED, bHAA
INETRLEEOY a TERIBCEAT S Z L THERAEETH 528, h3-Open-UTIL/MP |
FATHOHERE T VR LT, EHEIBEZIT O ML A LT\ D, BE O ZX 13 (2
R, KD X 9 IZ h3-Open-UTIL/MP O 7 > 4> 7 VT 238 Y D EITSikEE Y AR— LT
D, OEDIFERD LI, HlRSNZNT B ZIEKRKIEEESTT V) 2Ekes+ 255
BETHY, b9 —2FERD L HIITERDOETVAIHLTOESDET LB ZEETH L9
RFETH D, #BEOBENEREAZK 14 173, 22 TG ERKETAOT
TN EERBERRET ARERENTND, TOFEICLY, SGpEETLVOT )T
NEIREIZEE L TR WD RWEHEBIR T, MEOSWEMGEHENEBTE 5,

model Al model A2 model A3

Ensemble
Execution
Management

Coupling with
Grid Remapping

model B1 model B2 model B1

M x ( A+ B ) execution (MxA) + B execution

X 13 7oV T NMRROFLT A

remapping by

the coupler

X 14 Zkt—7 29 v 7 VR O 5]

A=N—a v ¥a—F4 VT Za—2A - 32 - Vol. 24, No4 2022



4.2 7o U TILERDAEE

AHTIE h3-Open-UTIL/MP (2B W T T w3 o 7V &0 K 9 12 FEB STV B & fifah
T%, BIHOEDDIC, 2 TT I AR EER T E VD HEEREAT S, T oW
CINITIE LK 13 TR AR D, T U TAVERITIET TS L R p 5T
N VR MIMRBRRLE—DOEFET L THY, T CRFEMBELFF2, T72bbHA
— O, [A— OIS E, F—ORIRHAT v 7 EEROLO LT 5, —HEET AL
13 TIEMER M &2 D, JRERDET NI R =3 MIHAIZ R 2 R Mg & o R
TN (A—ET7LbET) ThLIENHtRE LD, T I AGRICE T LT vy
T NENE BRI GAE, B D WITFIH FTREZR R R G IR B e & TR AR D03, KBRS
75 E 1000 X 5[4, ZOT YT EE MPL CRET 2 BRIZ mpiexec -np N ensemblel :
-np N ensemble2 : -np N ensemble3 O £ 9 ([ZOE DT D50k L TV OIFBIEMTIZRY, T2
C h3-Open-UTIL/MP i mpiexec -np MxNA ModelA : -np MxNB ModelB ® £ 9 [Z&ET /L CTH
TENbd27 v 28% mpi ~O518 LT 5, ZZTMIET 708, NA IE ModelA (2
B AEAZOT T AOT a2, NB X ModelB TOMfEA DT 27 No7 at A%k
Thb, 77 M E h3-Open-UTIL/MP O #JHI{E API T % h3ou_init TH|% & L CTH
Z %, h3ou_init 17 7 4/ hTIEBIEE LTETALRERET 7 A NAD 2 0% 5 2 508
3% HIZ optional 51# & LCT7 ¥ 7 /8 (num_of_ensemble)% 525 2 LN TE 5 X H 27
S>TW5b, 2 2O0OFF /LT num_of_ensemble [L[FE%57°E LS IZR TN 1 DEEDOBNTEIN,

A OEEIEM 13 ZROIA, FHR 1O BAROBEHEEND, $8ET
NDET ' ZPUTT T AHTHID BN D Z E RS TH D, h3ouinit DBI%E LTH
A LNDETNVOLTHBIOMPIRENGHLNLI 2T B AN, £ETANEFND
DT REATIATINLI DR RD BN, ZOEET T AEM NS T oY T o7 m
T A NANB bR LD, 515 E LTHEXDET VAT T TN TIXET Vilila—RE
LC#ibh, FEEEROET V413 ModelA0001, ModelA0002 D & 927 >4 v T AT SRS
NILTFHNETR D, ZRBMEADET AL EL TR 7 7 ANAREIHNEND X D275
TW5, iz D7 ot ANAEROT 32 7 MCHE LT % 53 E h3-Open-UTIL/MP @ API %
WU TG TEDLDOT, TV U T IEILT —HR0RT A= BB D, FTREFIRT
CT—4DT 4V NIEERD, HBOHWIRET 7 A NBEIEZ D72 EORIEMNATRE & 72
By TV U7 VEBRICE LT h3-Open-UTIL/MP 23K LA L CWD MPL 22 o =7 —X D
FREEA B 15 128, IAME O BBIT MPL OF 7 4V k22 2 2 =/ — % MPI_COMM_WORLD
Thd, FETTNT O ARKEHETFTRNT VT m (BT ) O a— N LEE
19 ala=lr—H2Thsd, lHxDOETNVERLRES, FET VIR —3r FBREE
(] Z I TR D AZH) ICH WA —ANa a=r—2Thd, BEFHIC2 SDEF /Lo
VIR—X v DR EGRRAE 2 OT o TV THEKICHWON S 2 2= — 2 TH D,
B#BIZ, 7o T HATETFANDOR— 7 at AR EE2BENTWARENT 7y
MO7 o AMBEEET) I a=r—2Thd, ZNHOaIa=r—40ON, FIHFENRS
BTN TE, OSBRI HILERNHLIOIFr—IVvaIa=r—FFIFTHY, EOD
A 2= A FTRTHTINETHEA SR D,
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T oYU T VEE T, lx OERGHEO®R B TT W s TV OREEHLEL A TN D R
NI ST, LW o R GENMUE SN WA, BIEFEE SN TV A LR
ITEEOHED L TH DM, ZHICHOWTIINEI S L TAHEBNMENDL FETH 5D,

a )

(TTTWCTTT I TITCI Iy
(CITTMCITIMCIIINCILT]

T
T

. /

: global = MPI_COMM_WORD

: ecomp = same component name : 7 > 4% > FIL A@OEEICAWS

:local = local model process : EEF /I AVKR—3 > FHHED
: couple = coupled processes : JcupiCthe worldé L TE R b5
: glocal = same rank of the component: 7 >4 > 7L FRAIOEEFICAWVS

K15 T7TrY o7 AEBICHWON A = —&

43 7 oYU TIVERDEEKH

T TN DY T VT e 75 AE Wisteria/BEDEC-01 O /work/share/h3-Open-UTIL-
MP/h3ou/sre/sample/h3ou LA FiZd 5, h3ou 7 « L7 b U IZIE Mkinleude 7 7 1 /L & sysdep,
test_simple, test_ensemble 7 ¢ L' 7 kU DENILTI Y, test_ensemble 737 2 T /LHL D T A
MREEICZ2 > TWd h3ou T 4 L7 FUBIT 2524727 ¢ L7 b UIZ= B — L, test_ensemblle/src
T4V 27 P T make I~v Y REETTLLT0TITLARar A r7E3n5,
test_ensemble/run 7 4 L7 kU Tpjsub. go.sh iIZ LV Y a TITEAT B LT/ Andidisnn
77 7 A /v h3owapp*log* 3 1 &b, v 77 7 A NVORREIT

>>>>>>>>>>>>>>> h3ou_coupling_end IN

<<<<<<<<<<<<<<< h3ou_coupling _end OUT

DEINCHLHET TN —F DR v = RNHENTOIILIATIIR & 05, T T
VR DFRE 7 7 A VORI TR L2l O OS54 L [F U T, FT7E Gl EmR

EEDBIRN, ME—OMIEIXATEI TR L7z X 512, WML AP Cd 5 h3ou_init TH 7'+ a7
NEEELTT v TN EEWETZEThD, T 7RSS Z & T h3-Open-
UTIL/MP (X2 DFATRT oY U TVERLTH D EHET L 2 X 2 = — X OERSRET VA DA
7R EOMEEIT Y, I Ta s T ATIER 16 IR T LI, Tal T A0 ELTT
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YT VRS LT h3ou_init OF[#E LTHELTWS, T T AOERITT ST 7 A
NOFEMNEICH I END, $rIAFITOn Z R 16 ([SRT, U T IVETIISR—T oW
VINTELIH0FET T EZNUSTEMERER S, K16 FRIZ0OET 7L
OHTI, TRIZOFBUNOH I TH D, O FITHTFET IV EDHKEE 7 7 7 (coupling flag) /3 T 1272
STNDIN, ZOMDT U TNVIFERT7 T VN F Lleo TR EESHER SN TN &N
FOVIEV

subroutine init_common(comp_name, comp_id)
use h3ou_api, only : h3ou_init, h3ou_get_mpi_parameter
implicit none
character(len="*), intent(IN) :: comp_name
integer, intent(IN) :: comp_id
integer, parameter :: MAX_GRID =8
integer :: ierror
integer :: num_of_arg
character(len=128) :: arg_ensemble
integer :: num_of_ensemble
intrinsic :: command_argument_count, get_command_argument

my_name = trim(comp_name)
my_comp_id = comp_id

num_of_arg = command_argument_count()

if (num_of_arg == 0) then
num_of_ensemble = 0
else
call get_command_argument(1, arg_ensemble)
read(trim(arg_ensemble), *) num_of_ensemble
end if

if (num_of_ensemble >= 1) then

call h3ou_init(my_name, "coupling.conf", num_of_ensemble)
else

call h3ou_init(my_name, "coupling.conf")
end if

16 7 Y T VEEOE L 7T A

>>>>>>>>>>>>>>> h3ou_init IN
--------------- ensemble information
Ensemble coupling : my name =  appl0000, target name =  app20000
ensemble type = 2, coupling flag= T

>>>555>553>55>> h3ou_init IN
——————————————— ensemble information
Ensemble coupling : my name =  appl10001, target name = NO_TARGET
ensemble type = 2, coupling flag= F

17 7o s (B 07 Yo7, TR 0FBLUSOT P T )L)
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Geomechanical modeling for subsurface CO2 storage with
active pressure management: A preliminary study

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 CO2 emission and mitigating climate change. The concept of CGS
—injection of CO2 captured from industrial processes into rock formations deep
underground — is quite straightforward to understand. However, the projects with large—
scale CO2 injection may face challenges. The pressure buildup in the aquifer due to
large—scale CO2 injection may induce geomechanical issues, such as fault reactivation,
induced seismicity, fluid leakage and surface uplift. The occurrence of these issues
is thought to be negative to the project operation and public acceptance of GCS
Therefore, monitoring and modeling of geomechanical behavior of reservoir—caprock
system are quite critical for a successful GCS project

To mitigating pressure buildup and geomechanical risks, one approach called Active
reservoir Pressure Management (APM) conducted by production reservoir brine has been
proposed (Buscheck et al., 2011). The production of brine from reservoir can let the
reservoir pressure (buildup) be partially relaxed and leaves more pore space to CO2
Some of the benefits of APM include reduced geomechanical risks and increased CO02
storage capacity. On the other hand, the brine production operation can also increase
the cost.

In practice, when applying the APM approach in a project, the operator needs in situ
information to understand the state of pressure buildup and geomechanical deformation
and further to determine the rate of CO2 injection and brine production. Recently,
distributed strain sensing (DSS) using optical fiber has been demonstrated as a valid
monitoring method to provide such information. The DSS method can offer real-time and
continuous profiles of in situ vertical strain along the fiber cable installed wellbore
One task left for APM is to understand the signal of measured strain response when
performing the injection and production. A better understanding of the strain response
helps for an optimized management of injection and production procedures, controlling
the potential geomechanical risks and supporting the decision making

In this study, we conducted geomechanical numerical modeling for APM with an emphasis
of vertical strain changes during CO2 injection with and without brine production. We

performed the modeling job on Oakbridge—-CX Supercomputer System.
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2. Mathematical equations
The modeling involves solving coupled equations of mass and flux of two—phase fluid
flow and solid mechanics as follows.

(1) The mass conservation for fluid species k is described by the equation

am* o
—EE—4—V- =q
where M¥ is the mass, t is the time, ¢* is the source and F¥ is the advective flux,
which is governed by the extended Darcy’ s law.
(2) The mechanical equation is expressed by stress with the coupling between effective
stress and pore pressure through the Biot coefficient
off = o/ + agPs

eff s the effective stress tensor, o™! is the total stress tensor, P is the

where o

pore pressure, and ap is the Biot coefficient. The strain efl®U¢ is associated with

the effective stress through the solid-mechanical constitutive law:

o.pff

elastic
ij kl

= Ejju€

where Ejj, is the elastic tensor.

3. Numerical modeling

The open—source code MOOSE is used for solving the two—phase fluid flow geomechanical
model. MOOSE is a multiphysics FEM framework with the PETSc non—linear solver package
and libmesh to provide the finite element discretization. The mumps SMP preconditioner

and Newton solver with automatic scaling are applied

(a) (b) CO, injection well brine production well 10611

le-12

T

le-13

1.0e-14
km?

Figure 1.The numerical model. (a) The full domain model with the meshing; (b) The

local region near CO2 injection well and brine production well.

In this preliminary study, for simplicity, we perform the modeling using a dipping
two—dimensional model (so having dimensional effect compared to a three—-dimensional
model, Figure 1). The model is intentionally set by several units with different

permeability (le-14 ~ le-11 m?). In each layer, Gaussian distributed heterogeneities
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are added. Otherwise, uniform elastic constants (bulk modulus 6 GPa, Poission’ ratio
0.2 and Biot’ s coefficient 1.0) are used. To avoid the boundary effect, we set a much
larger modeling domain (30 kmX 15 km). We use dense Cartesian mesh gridding within the
ROI and near—by regions and sparse gridding at other regions. A constant CO2 injection
rate (20t/day) is set. Cases with and without brine production are considered. The rate

of brine production is the same as CO2 injection rate.

4. Results

Without brine production CO, injection 20 t/day

CO, saturation Pressure Strain (vertical)

lo.zs .0‘125 lv
1 "
day l I
0.06 4
7 Iw l120
150
day I I
o 110
0.35 420
; " "
year I
Io 385
SCO, P (MPa) Strain( u €)

Figure 2. The results numerical modeling for the case without brine production.

With brine production CO; injection 20 t/day
CO, saturation Pressure Strain
l0.35 IOJ lG
1 .
day l I
0.06 35
I1,3 l88
150
day I I
12 70
2.6 295
: — | "
year l I
2.4 265

P (MPa) Strain(u €)

Figure 3. The results numerical modeling for the case with brine production.

Figures 2 and 3 show the modeling results modeled CO2 saturation, pressure, and

vertical strain at different time since CO2 injection for the two cases without and
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with brine injection. We see that the CO2 plume distribution for the two cases is quite
similar at the injection and production flow rate. In contrast, the shapes and
magnitudes of fluid pressure distribution and strain between them are quite different

With the brine production, the magnitude of pressure changes and deformation is reduced
as expected. This supports the effectiveness of APM through brine production and using
DSS as a monitoring tool. Moreover, we can find that dilation strain developed around
the injection well. At the earlier stage (since the injection beginning), the strain
pattern is mainly induced by the pore pressure diffusion and the strain magnitude is
small (< 10 pe). There is an obvious strain front corresponding to the pressure front.
Later, the strain pattern is affected by the development of CO2 plume. This is because
the relatively large pressure changes near the plume boundary due to the changes in
relative permeability and capillary pressure. Therefore, in addition to the
geomechanical purpose, we can use the strain signal to understand the state of pressure

and CO2 plume migration.

5. Conclusions

In this short report, we presented our preliminary modeling results of geomechanical
modeling of CO2 injection with active pressure management in subsurface aquifer. We
emphasized the deployment of distributed strain sensing method for the monitoring
purpose. The modeling results suggest that the strain measurement can be used for a
better understanding of the state of pressure buildup and geomechanical risks and
perhaps CO2 plume migration. Therefore, DSS can be expected to play an important role
in CO2 storage project. More investigations are needed to evaluate the effects of

hydromechanical parameters, well placement, brine extraction interval and rate
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Efficient Simulation of Ferromagnetic Spin Configuration

AH AL (L1 Qifang)

FORRFERIZET

1. Introduction to shape anisotropy

In ferromagnetic materials, spins of atoms prefer to align in a parallel way below the
Curie temperature T, as a result of the ferromagnetic nearest—neighboring interaction.
Classical Monte Carlo algorithm is a powerful and efficient tool to simulate the spin
configuration of ferromagnets by using Heisenberg model. However, realistic
ferromagnets usually involve many other interactions, like dipole—dipole interaction

(DDI), crystalline anisotropy, Zeeman energy, etc

Considering the boundary effect of T=0.05

ferromagnets, shape anisotropy will affect the
spin configuration. This anisotropy comes from
the long—ranged DDI. As a result in long thin
ferromagnets, spins prefer to align parallel to
the long side of ferromagnets. In addition,
magnetic domains of flux—closure shape can be
observed in ferromagnets, as the length and
width of rectangle are approximately

equivalent. These two  kinds of spin

configuration 1is related to not only the

Sx
competition of the nearest—neighboring exchange . . . . .
Fig. 1 Vortex spin configuration in

interaction | and dipole—dipole interaction D, 50 x 50 spins systems (/= 1, D= 0.1)

but also the shape of the ferromagnets. Shape

anisotropy plays an important

=

w

We simulate the spin configuration from a

first—principle perspective and study the phase

diagram of spin configuration with different 18 2 Spin configuration parallel to

long side in 50 X 12 spins systems (J =
1, D=0.1)

system sizes and interaction constants

All these interactions, except DDI, are short-ranged interactions, so the time
complexity of simulating is in order of O(N) per Monte Carlo steps (MCS). Here, N is
the number of independent spins. Unfortunately, the long-ranged DDI exists between
every two spins, so the time complexity is in order of O(N2) per Monte Carlo steps
(MCS).
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2. Efficient Simulation with Stochastic Cutoff (SCO) algorithm

In Monte Carlo simulation for magnetic systems, the great majority of the DDI terms is
almost negligible, comparing to the exchange interaction, so they have hardly any
influence on the accept-or-reject decision for new samplings. SCO algorithm utilizes
this feature and switch most of the unimportant DDI terms to 0, and the others to a

different V to satisfy the detailed balance condition.

(1) Potential

—— switching E——

Fig. 3 SCO sets the majority of bonds to 0, whereas the values of remaining bonds are

switched from ¥V to V. It is proven that the detailed balance condition is unchanged after

the stochastic cutoff.

It has been tested and measured that SCO algorithm can speed—up the Monte Carlo

simulation for large—scale ferromagnetic systems.

Efficiency of SCO Algorithm
250 :
Ferromagnet size: 48 x 48 x 4 80

. Physical Parameters: J=1,D0=0.1
£ 200 Hardware: Intel Xeon Plantinum 8208 2.7 GHz
]
g 60 _
8150 . &
v o
E Q
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5 : =
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5 :
E H
v
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50 Lo o !
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Fig. 4 Efficiency of SCO on Oakbridge—CX for 48 X 48 X 4 ferromagnets. Following the
decrease of temperature, more DDI terms are switched to non-—zero V, and the simulation time

increases accordingly.
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“Stochastic potential switching algorithm for Monte Carlo simulations of complex
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slack Z AT L CHIH L CnWi=Z &

FERCTaIa=lr— R TEX501E, BRI 6 b OBEZ HERT O Je AR L CHf

BLTWERETHRTINEENE L,

® HIDR—ATTEDELIA

EWVWIH B DO TLT, Zoom LN slack & HW TR EIIIZHED HH7- &0 5 S ORHA E

Dol T, o, BREEBHICBOW I TOBBE W -EEFE L,

® python ZEHARIN GO TR THY TN T 07T 2D 4FELETIEIEAZALED
WCN ZENTELDOT, EETH ) XV ERWET, L LELTUL
MPI_Send 72 EDBIHDGIEIZHNTH 54 LA L TW a2 iud, a5z %
Bz ®h T 722, MERALTWEO0E NI BN HEE D EEWE L,

® LFiANRa U Efiol & FITIIE VAT AFROEEIME D 2~ R%) & 283
#E&@%‘l‘?(tﬂ‘r;9%4%:}37“%/7“/“:.—7 E) G0 T 6N TITHET Lo T
A DB ZOEETIZZEOH T DN TEITENNTE Y BFNR A L — XA
ibf:o

® S LARERIESRIALE DI ED T —~ TORERBILUZEATSML £
EE

o HMEEZFEHLARNDL, TrT T AREDUIHEIT->TH LW o,

o HBRAOY TN T s T AOFERRH 2RO X O RIETHEIT 2 & H Y 3
WO YT e ST AN E BT D OIZKREN 20 £ L.

o RIIVHID RITOILEGTRNICET S NANERIIICHEE L R U E LT,

® HREORFIHEICE LTI & RS BRTE 72 b DD, FEFRNA & HE WA % Bt
JCTHEMRTE RS T-DOREATLE,

® RHOER/E T, WD H DRFICERERSY —Aa— FEIRVIE>T, —D7T

ECHMEL T E W EENET,
® MR LI-VEN EiRICH Y Z 5 DT, Efimb T ¥ LY L THET
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F1TTRIBR LT A v ME&WA T e 7T o Vs s
MATLAB O34T 514 Ehnd
WHRRPEWERE Y ¥ —

AR TIE, 202244 A27 0 OK) 124> 74 VB LTZ8 177 BB LT A0 v MEx
Bl7w 7T 7R S TMATLAB OFE T HE ) Q68 « fOTRFPERARE 2 —,
MathWorks Japan, PC 7 7 A ¥ a> V) —3 T 5 (EHT 7V r— a V& - HPC A—7>
—AY T MY =T ERER)) IZOWTHRET D,

FOLRFIERAE 2 — (LI, HkrZ—) TEH 2007 FNnbA—/"—a o —& %Al
ML TBRLT ATy MEEWHT 0T I 73Ea 2B LTHEN, Fillanty
A VA EYHER T DT=6, 2020 4 4 A3 HI3 2 TO#EE% Zoom ifIC ks T4 T4 )

sl LTCHERL TV,

MATLAB? /& MathWorks tE2M 29 2 BB Y 7 b U =7 Th %, Bk Z—7Ti
MATLABIZBIF B A—/—a Ea—4FHEOBEL D VA —T v Y —ADTarZ
ANHEEE LT TRREZFRICEE L E X, 7hT7 I v 72— (BARNKE - &
HEOHERBNCTTET 2 HIRE - 7 - WA, BB T 0 7T A0 b 5B OB E
) ARG LT, 20224E2 A 25 A XY Wisteria/BDEC-01 Aquarius® & Oakbridge-CX4 (2350
T MATLAB O LA Biba L7z 5, 7 — Z b, BEMCE R ICBIE 2 MATLAB OS85 7ok
eI, FIAEOHAERE Y I 2 b—Yara— REEELRL, ROEZILTHZ LICE
T2 EHEFELTND

MATLAB O#{EBR MG 45217 C, MATLAB 22 & &8 b FIEDFEFR I 2 T Wisteria/BDEC-
01 Aquarius |23\ T MATLAB #3179 DB 21T O E &% | H CHEMa L7z, KiHEHEED

077 LERIRT,
FIRWEEOTa 7T A

% MATLAB A9 & % 0 E# b AP

13:00-14: 00 | MATLAB #35 & &di b A Y
- MATLAB #f2
- DD a— RoEXF

HTH A8 T MATLAB 28y ~o X4 v 9238

14 :00-15: 00 | Wisteria/BDEC-01 #2E & 10 /' 1

15:00-15:30 | K&

15:30-17 : 00 | MATLAB # @) L CH o 7T — & % V75

- A= 8—a Y Ea—HF TO MATLAB Eif

- GPU Z i » 72 AL P D 327

- Fortran, C D71 7 L) MATLAB Z FEONH 9525

Uhttps://www.cc.u-tokyo.ac.jp/events/lectures/177/

2 https://jp.mathworks.com/products/matlab.html

3 https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/

4 https://www.cc.u-tokyo.ac.jp/supercomputer/obcx/service/

5 https://www.cc.u-tokyo.ac.jp/guide/application/introduction-matlab.php
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MATLAB Z BV # 5 B 21300 TORATH D0, HIARE A2 FNZER 30 4 OHAR &
v, BHOHMKED 274 (KR - HICHBEZIRE 14 &, K¥BEy4E 124, Tofi14) L
SEWZ s, FIHE O MATLAB IZH T HBIL OS2 9 R 2 5,

BRKTHRICT v — bEFERL, 274T 21 40OHBENORIEEZHD 2 ENTET,
HEEE (5B OB ER 21T, FEmMEEIX3.95 ThoT-,

k=111
e
ﬂ}ﬁ

#2T v — MEGHRR

PR 12345
(a) G =M HOSEW 114313
(b) EEHSEBNE (TLEY) fiiHe#H | 1] 69 |41
(c) FAig RN fliHCHE | 2] 5|10 4
d) VoI nruns s 2N NE L O 1|3 ]11]5 |1
(e) WM (¥ 3.95) AN i 213|106

T — MOBHBFTEMO 2 X S ELLIFISRT,

e FortranX° C 2>5H MATLAB %# M2 72 &, FILRWEERMN H -7 T, sEEICSM
TRk aHr- o sk,

TR TIRESEIR DD TAHR bkRiFEN L TIHE 720 TF, ZNEITK
LLFEWETN o OHBFEITBMO Z LERNZ VDT, b 5 LIEIRL L TIHWY
THRWMNEBNET,

o FEHICHRREB ST LEZ TWHDT, HBENS DR T-IEERRIRT T2 Dk
HAHIUTE W EENE LT,

o AWESLELEEICLTRAMRTHHIETE DL 0ICTHHRRNERS,

*  MATLAB TOMEECF 4 —F T —= 7% SRS 5080 0 THEFEA
(%) + o XA RO EERNH D LRV E BnET,
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F178EPSHLT DY MMEEHHNTOHI S IV THEE
[GPU 7704535324 A

2B
RO 5 —

AL, 2022455 A 18 BICA Y T4 V&Y AT A Zoom & FWCRIMES Lz T4 178 0]
BRLT7A VY MIEWIN T 0 /T I 7#EE  GPU 7u /7 2 7 AM ) oBfERE T
b5,

KRHEE T, GPU Z WD 12 DICMETH D, GPU O/ T 1 7T I v 7 FIRICET S
IS LU %ﬁOOﬁ%@m&bfiiVNWMAﬁ@RmMPU% GPU [i)iJ D5
{b7v 77 v 7B & L CIEEIZ OpenACC & WV 5, E CIIIEE R D B — 3 170 &
HPC (ZH VN CTHI 41 2 BRI 5H HREZ M & L CLGPU AT D7 m 7T LEARRT 5 )5
%@ GPU 'u /' I 7 %ATH LTRICIAESY — VO )ik, CPU-GPU [ DT — & fiiix

WbaEM T 5 E TOFIRE TS, AHESIT 2021 £ 5 A 14 ALV EHEBRB L
Wisteria/BDEC-01 @ Aquarius / — R % W THEE 21778 572, Aquarius / — FIZiZ 8 2D A100
GPU D SN TN DD, HSZME PR TE DI 4 KETTH D, ZREHITIT 1 7 H
BT oy bidG2 6, 1/ —R3005ETOY a 7NFATARETH S, ERNEOREM
WZOWTIE, T N—=Y I EREA T — RTE LD TELLEBRNEEE -0,
FEEESITHWEY 7L 23— Rid https://github.com/hoshino-UTokyo/lecture_openacc (Z T2
Bl TWnD

AéH7%@$ﬁ“ﬁ%ﬁ%U

134 (594

54, WEGCHES - 5 4, B3

244, ZTOft 1

4) DR, ESRTRICT = FEFEm L (114 XV EER), £ 1 ITEMEE &
M2 (5 BRERHL) OANBDMTH D,
F1 T rh— MEEHER
AP 3] 4
(a) G RG] FVe RN 8 | 2
(b) ESWMENE (FLEY) | fliHe# 72
(c) BlATERHNA i Hi. o e 8 | 1
@) TN ras T LNE i . S 6 |3
(e) i 2L AN i 5
! https://www.cc.u-tokyo.ac.jp/events/lectures/

A==y V¥a—F 4T Za—A

- 52 -

Vol. 24, No4 2022



FIEBHALT7AV Y MIEHHNTOT ST U IHEBR
OpenMP [2& BT IIFAF - *-—qa7HHTOT53I25AM
(Wisteria/BDEC-01 (Odyssey, AG4FX #2#)) (X2 F4 V)

S B

FORRA g 7 —

AFGTIEL, 202245 H23 H (A) 1A 74 BB LIZH 179 BB L7 7 v Ml

Sl7a 77774842 [0penMP ([C LD~ FaT « A= a7 Wil7ue 777 A
(Wisteria/BDEC-01 (Odyssey, A6G4FX #4ifk)) ') (i : AR E 2 —, PC Y 7
2L A =T A (FRTTYVr—a e - HPC A—7 0 Y =RV 7 by =7 WK
£)) IZOVWTHRMTT 5,

HRRFAERIEE 2 — (LU, AU Z—) T 2007 03D A= —a B a—H &l
AL TBRLT7 ATy MIZWH T 07T I v 7EE) ZBELCWDR, Filan iy
A VA JEGYERT R D T2, 2020 4 4 A HIXETORE S %E Zoom HEHIZE D (40T 4 )
MESL LTHEMLTWA, TOpenMP IC L A~ TF a7 - A= a7 W Tl T 37 A
i, A TArkioTmb, F131E (202044 H 27 H), % 143 7] (20204 11 A 2 H),
%151 [@ (2021 44 H 21 H) & 3@, Oakbridge-CX (OBCX) 2% L T%EHE L T &7z, 2019
EEETE2HICOT TEBLTOZLD%E, 2020 FEEH1T 1 FICEE O TEBL TN D,

TFE~A 7Tty O FaT(blllr, a7 s I I TE2TARRESINT
W5, HTH OpenMP (XHER1T (T4 L2 7 4 V) AT L2 TR NEFIL) AT
L7, IKKBEHINTEY, HreRff@Eb RS Tnd, AE ) ~OEZAL LSRN
RIFFIZHEE = % K 9 72 57— 2 (& 171k (data dependency) | 23E U A A2 5 & FhE 3 5 121,
WY R T —Z OW A~ Z 2R HER D B, ZO X9 2% 5%1% OpenMP [f]1) DR ETHEE
L<EY BFHiLd 2 L3R v, 55 151 BILARTOME Tk, THBRMARED b8 5B
5% %t5 L L2 ICCG k) #8M L LT, BPHEMEIROIbDO~vLTFarra s3I0
ICBWCHE AT — X FliE, reordering 72 & DT /LT Y X NIZOWT DT, AN &AL
ToEB & FEM LT, WRITER DARFER TR LSRR - W LR/ RA O & LT
FEhi LT\ D [FREBET T4 7 AREREER T ), TRREIRE T, [2ry Fifgla v
a—T 4 7] ORNFITHEILL TV DY,

2021 AN BIE, 2021 425 A 14 AIZIEH 2 Bi4s L7z Wisteria/BDEC-01 (Odyssey) 8 Al
BOETAREZ L, T IEKEEICEE L AR EZERICHIBR LD Y $2 7 A5 HREL
Too KRIK105 53 DFERICL CAMREONETHY, 1 H, 450 DFRE CEET HICILTHR &
TL7oTND,

HEHBHG B 1T < 23888 L, 2021 42 5 H O R CIEPERRICOROMBER H o7 C 231
T OMERES b WwE SNz, RERETEO -0 O T 0 7 7 A T ORI CHiT-REE &

! https://www.cc.u-tokyo.ac.jp/events/lectures/179/

2 https://www.cc.u-tokyo.ac.jp/supercomputer/obcx/service/

3 http://nkl.cc.u-tokyo.ac.jp/21s/

4 https://www.cc.u-tokyo.ac.ijp/supercomputer/wisteria/service/
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BT 5728, WAL LU TIRIR S L TRELZSD Lo T,

BREOZBDOBIMPIALNH Y, ZiE X T4 (KF - FEEEEmRE - 1, K¥h4 2, &
¥:4) Tholz, 77— MR (B 7 4) 12OWTE 2R T, FHmEEIL3.86 L
O ThHolz, WEEE 3] LL7EH2bDO141E, F20 (@ ~ ) N"eET 5] Thot=,

£1 #

R OLE S

09 : 00-11 : 00 A BRRFE S

11 : 00-12 : 30 OpenMP A

13 : 30-16 : 00 =Y T

16 : 00-17 : 30 OpenMP i 511t

17 : 30-18 : 00 B 5

R2 TUT— MERER

FERL 1 3|4
(a) FHE R HOeRW 412
(b) FHHEZMEAE (FLEY) i e #E 2|2
(c) BEATEEINEA LS 22
@) Y rnruvrs 7 hNE i LW 1|3
(e) Wi (FH)3.86) AN i 2| 4

BBEABOHMICOVTE, VI IR—IHALEHRURBEETFE2F I 0—FTELD

TELLESRBULEREE (hitps:/www.cc.u-tokyo.ac.jp/events/lectures/179/) , F1=,

PERER L TV ET—4RERZET Sy —RITOVWTIF, 3 BIThIITITRI S LEBREK L,

10 AURICKET S5 FETH S
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£ 180 BHHLTHV Y MMIEAEHNTOITSI VITHEER
[OpenFOAM AF9 - &+ E T « 1T EiEHRS

&

S0 K
RO B o 5 — % BB R

202245 H 31 B (k), PCOTAXarY—Th (ERAT7) r— g U Eks - HPC 4
— PRV T Ny = T EREE) A =T CAE FE L BT, H 180 |BR LT T
ME&WHIT 7 7T I 7 HEE S [0penFOAM AFY « v ©F ¢ fifir) 234 74 o ChES
7mo AEBERL, B A—ICHRBEINZA—N—a L B a—&— (LI, 2%z ) oF] etk
& AR T OB IR O R A BN E L CEBES N b DO TH D, s, AilE s
e Z—0BRLT IV MEEWHI T 7 I 7#EEaE LTz 22 BAO
OpenFOAM DFEE X Th 5, Xk lE, K7 - WIEHBZEIE 4 4, KPEBi/E 34, et
14, B¥EOK 14 THY, FAiFIAE 134, ZHEENIILThHoT, By —NEET
b A3 Wisteria/BDEC-01 Z VY, Wisteria/BDEC-01 OHEEL, FIH 5%, OpenFOAM D
FER1BKAOBR TN, YAOT RS T AER VICEHET D, 2B, #EAKTER
1 AHEDRBRA LT B2 b (Wisteria-0, &K/ — N3 12, R IEITHER 15 43) 2N5Z 41T
Gz b6hi,

x1#HEET0 T L

[20224E5 H 31 A (k)]

10: 00 - 12 : 00 ABEZHEA
A raRrar (K13 450)
Wisteria/BDEC-01 HEZE (9 40 43>fH)
OpenFOAM BEZE () 45 43 ftl)

13:00 - 18: 00 F BT ¢ iiIHE
EES O (K7 4R
module {2 & % OpenFOAM OEEEEFRE (59 20 434)
fEMTRISR (K9 8 43 f)
AT — 2 (%9 21 27 fH)
blockMesh (2 & 2¥T4R% (K9 49 43[H)
T oR L (8 24 43R
fRNT S DR E (R 41 43 R)
YV IVRFELT (910 43
fEMTAE R O IR L (59 10 43F)
TEMTRE R OMGE (K9 12 43 )
1t§Up+§% (% 16 431H)
HEME 75
%;w%)Twwiﬁ(%6ﬁ%)
BRI
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B THROT o — MERHRER (BB T) 2K 2 1RT03, SN U T2 e BE ORI 5 i1

i, 4.43 LEnots, E£, BMENOGR I~S5IIRT ZERETEW ., SH%O#MESD
BEIZLTIZV,
#2 7o — MERHRER

7 B OERNE YNNI T T L
p WO S BOATEEF O % s BN L T S
1| s 0| s 1| s 1| 1| i 0
2 0 1 0 1 0
3 | iy 4| e 4| Y 5| Y 4| i 2
4 2 1 1 0 0
5| Bw 1| 5 0| e 0| 1| e 5

Y 3.57 | 2.71 | E¥y 2.86 | 2.86 | 4.43

3 AFHE2THT D TER (R~ <)

RN T DB RI~DEIER b T TSGR & REFRRES LW )i T LT,

RETE TITPIRN T LEFTOT, 4% EBHELBBOWELET,

i OMEGR XA ER E L TEMESBIZSMT 5L L FRENWTT. F
BONE XX 7 4 mnEYE ] 200 FEE L7 REWEBWET. ZnlshEE

OB & v EF.
ez e L

Fad Zoom Il L DAL TAVHESTEN-ST-Z & (F~~)

A5 DR ATHFETE S

BRICH IZEE L T 5, B b 7~V 2fE L T<TIEE 5,

kgL TxiFbonkz s
BFRSOE T 72 EOHIRIA 72 <, FEERCSIMLR TV L
I TR ERER R4 B LT,

&5 ZomlZ X DAV TA VEEETEN LI L (R~ )

%Kjﬁwiﬁh

BHTHPVICNWE ZABEMT 20088 L2 &
Friz7za L

Friz7a L
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% 11\ JCAHPC £ =+— (OFPERRTREIVRIDIL)
THYMNED OFP EMDEBEANDIRE TRV =RERDIE] (N T v FEHE)

s 27 NG HAEERR AlTHDE2
T v ¥ — FrHER]

1 B=E

2022 4F5 A 27 A (4x) %5 11[A] JCAHPC & X F— (OFP I TRUET VAT T L) [H e
9 OFP: M B B I~ O THeW o RimoodE ) "2 BAfE L E L7z O CHMRE 2 3E L £ 7,

S At [E HPC B fii% (JCAHPC: Joint Center for Advanced High Performance Computing)
L BB O RFA LR LT & 0 KB e HPC HE 25532 7= OIZE N TRUNZH N KRt H R
G o — & BRI o & — AV LR T 2013 RIS S AV HARR T3, JCAHPC T
WEEWNR RO FMERE 2 AT % Oakforest—PACS 2 A5 A (OFP) %%, A L. 2016 4E 10
H &0 JeECHEM & BAA L CLUR, RSO FHARF A HEE L WA E & o721l & OB
ORI E 5 L TEWVDY £ L7, JCAHPC |& HPCI 2 AT LRGSR & LTIl a a1 L
AJEYLIE R HPCT BRIRFA SRR [ ZFH R EIR AR L BT =m0 A L R EYE I B3 D A58
HEMEICE Bk L £ L7z, OFP [XEMBHAGE O 2016 4E 11 A @ TOP500 T 5] % EEY | EWNEK

EERE A A L. B2 2019 42 8 AR () AL, 2021 423 BIZ TEE) AEXICKEE
ZHRT A ETOR LD/, FERIIZ National Flagship System & L COEE 2 F7- 1L
20224FE3 H 31 HEL L CHEHZK T LE L,

Atz X —I%, JCAHPC A MR T 2 BLIE K - BKE v ¥ —#EH & %@ 0B Oft, OFP & [A] U Intel
Xeon Phi 5 A7 L& @EH T 2L K - K v X —FHB DR, OFP O~ —2— P —DHEk
DD DFEHE 2 %, JCAHPC BRI OV DYEFEEREN S D 10 FEHE D 2RV IS & & HIT, fF
Fe~mF I EBE BB S A, EREE~ OB fEA BRI SV E LT,

B, Covid-19 DEUIERIC K D4 7 A VBRI D TA 7Y v FIEATHME S
., B LERBSINC X ZikEE E WS (B LiAA 212 44, ESNE %k, B 23 4, =@ 149
) TR0 BRI LR TOIVE Lz, AME ClIAEI T —0WMZEE A7V v FEf
W2 HE L ET

Bkl & ABATTRE 72 EETE BN E I OV Tl JCAHPCA & I F—Web ~— wrL e 1) & W BV
T TETOTRIETBEBLIZZ N,

2 Z11[E JCAHPC £ = +—HIEHRE

25 11\ JCAHPC & X F— ORI, REREOH & OFP DR & 789772 JPAHPC 5% 37
MG OFP L, Wik, SRR ORIz & 07z 4 FEK & 72> TEd, LI, FEOREHIC SN T
WwELET,

1 https://www.cc.u-tokyo.ac.jp/events/jcahpc/11.php
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2.1 E1H #BME
1 I R BOR KRR Y —RICKDHASBREOH & T AOKRENLE
FALZ—IZ LD OFP K T ~DOHEEE OFP ¥ 2T LD R LB KRR DEICHOWTEE- T
JHXFE LT,
R1EI1WTwr 7L

E18) (B2
ER HARRE (REAPHERERLE S F—/ICAHPC)
13:00-13:05 | FAE
13:05-13:25 *E%ﬁ?? (E?T l/g_)
CKBREN (HEXER)
- EBHEX (ERAPEER)
BAEEE (XHEPETARERERR)
- FEECH# (ELEktsd ARIEHEHE ceo, CcOXO)
* Mr. Joseph (Joe) Curley (Vice President & General Manager,
Software Products & Ecosystem in Intel's Software &
Advanced Technology Group, Intel Corporation)
* Dr. Soonwook Hwang (Principal Researcher, Korean Institute of
Science & Technology Information (KISTI)/Vice President,
Korean Society for Computational Science and Engineering (KSCSE))
* Dr. Richard Gerber (Senior Science Advisor & High Performance
Department Head, National Energy Research Scientific Computing
Center (NERSC))

22 E2H WME

%523 Cik, TOFPAHEE) b9 7 —~ T, A IR e L [F] HPC JRARAERY - fiak & (3
PR EATEH R RV AAF e o & — Bl v ¥ — ) 52D JCAHPC 3AZIZDV T 2 K TO 2011 4
DD DFHILE TORY M DONTE T Gl A E D TRV IZ & E L, JCAHPC BRI OMEE
LT IRERLDD, MiEd 2 A Na v ofls) B4 L, &7 - A2 L CHas BBl
LicZ EEBIT W& E LT,

ot <. FhIR# Bl JCAHPC - ElffiaR &S K 3HEA AR ¥ — B 2 —RhHId, OFP
OEE LB AT DOWT, T2K 775 JCAHPC ~DEN 722 L TOEWSLEINLT 7 v yo—igk
EDET, VAT LLOHK, N— Ry =T, Y7 =T LT a0 EE
OTIRESBNENE LTz, 77V r—va VBRET TR, VAT AY 7 by =T &0
BORZAIHM L7228, Warva—2 0@ 7%, HAREWNTHPCI 5 2 g EH S 2T
L& LUTHPCL #3272, BERRFOLEREICLDENEE S AT LOMEL ) A 1y
N AT AN ERE O ARV EE L,

BN T, TRINE B s RFEMIERA T 4 72 v & — WD STt KRB 5 OFP
LRI 7 et v¥ Xeon Phi #45D Camphor2 AT L&D AT LIEMIZOWTHEIT W=
& ¥ L7z, Camphor2 TILOFP L 1R DA v F—axy s T b AriestDragonfly D3ERH S,
Z OMERERGEL DTS, s AT LOMWREHEIZ OV TR W& E Lz,

Beteid, B TR ALEE R FEE R IR o ¥ — #d%h 5. AL Xeon Phi Z 5k L 7= Polaire
VAT AOFFHEALIEHIZ OV TN W E&E E Lis, MOWEEIMREICNZ, A—T v A—
Ne=aEa—2 (12K OBBAEG &M LERIERA—R—ar Ba—FDY 7 b =T EFE
% kAT 5 AR % 5512 Xeon Gold & Xeon Phi #4589 5 2F D v A7 AR & L7- Z & Polaire
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AT A COTERFRICOWTRMN = EE L,

< T4 AT v a Tl Xeon Phi #5883 2 27 A CHAEDEMEIED, A EE TR
A MTOIE LT, HHEO® o Z —[ITOME Lo HIN RN dE v iTbhinolcbn b
T 5% 2—MTOT 7 r—ya VL ERE GO TR EED D Z LItk Dy
AT LARENAETHDH EOEANHENE LT,

2 B2WSwrLn

[E28] |OFPItE &m

EE BIER (HEXEHEREHE LS 2 —/ICAHPC) b

13:25-13:45 | EEEA (BIEFEMERHEREREEY2) Hith
JCAHPCRES L B2

13:45-14:05 | FhEEH (BUEKZHEHEME £ 42 —/ICAHPC) Hith

OFPOMELHAIZDOINT

14:05-14:20 | RRE—EBB (RBRPLHHEBAT 722 —)
Camphorz : OFP&[E] LXeon PhiKNLEHE#E L, OFPL UL LEERSNhDE | &R

mEXERND Y
14:20-14:35 | B TFTRE (EEEXPEREREE2-) R
KR/ Polaire —ERHBHELFRAMAR—
14:35-14:50 | BEMER (MRXEHERFEME L 2 —/ICAHPO) n4 7
(F4RAhviay) Jw R

14:50 - 15:00 [r -]

2.3 E3IH #H|=E

B 3T, TOFP IC X DR L) T —~ T, HEFE B REBEREE Y ¥ — Hf2
/ JCAHPC #fFZEBRFS TP 20 B OFP (233 1) D AFFE D SHABTEE) & AL DWW C L HPC 5~ L > P HPCT
WZH31F B Covid—19 XHREGRFAZLIRE, v A7 AR, FIRMGH 21 E 2 TR Sk Lz,
RIS DN TR, B YW B AT A IR Th > 72 b D3 2019 FENH T —
LRVF - T — 2 AL B C ORI 2 0 5 72 Efk 2 3B CIE SN CnWb—F, T% - b
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