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20232 9 ARITIE, 4RV IThleo TEMA SN, AREMROFHFERFOFEBIZEN L
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https://www.cc.u-tokyo.ac.jp/supercomputer/obcx/service/
https://www.jcahpc.jp/

https://h3-open-bdec.cc.u-tokyo.ac.jp/
https://www.cc.u-tokyo.ac.jp/public/VOL25/No1/02_202301prefatory-2.pdf
https://www.cc.u-tokyo.ac.jp/supercomputer/gpu_porting.php
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¢ https://www.cc.u-tokyo.ac.jp/supercomputer/wisteria/service/
7 https://jhpcn-kyoten.itc.u-tokyo.ac.jp/ja/
8 https://chat.openai.com
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PEERT TV ET,
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AFAEA ORISR & LT, BYLENIGERT, VY 7 b RSN RT S THH 5 AT RERE
DR DT=DDET « Axa @77 v b7 3 — AOWFERTE ) 1287 ¥ —1%, KIRKF
EEBICHRAFEME L LTSMLTVWET, T4 VXNV T AT A=y (DX) R Al
7 ENRMITHEILT D, NEOFR AR OIIKIIMBEORETHY, EFarta—X
DOFEAMEEFRSZ 2L, BFarEa—X cHPCHEHEY 7 b v =7 OBIRICH Y MieZ &8
WO TEETT, KRV x” FNCTlE, B2 Ea— LA a2y 5720 0PN
DEVEF - HPCHHES AT LY 7 b =7 OWIZERIE L, Tz Wit - A3 i
7Ty N7 4 LOWE, KA L 5G FHROxRy NV —7 TREEEN G —E A& UTRET
HHEHAMOEIUCH D A THE ET, Y& ¥ —iL Wisteria/BDEC-01, h3-Open-BDEC % fifi ]
Lic T§H8E - 7 —% « 28 Bl OHEE TR s 72 ilcikS&, &1 - ANavEET S > b
T A —DEREDTZDD Y T N7 =T OB E RV LET,

2025 AEFEHIZIE, RERAITIEH W £9°4%, Wisteria/BDEC-01 R° OFP-1I L {2V a—F %
B S FENATRE L 72 D KO TR A D CTE WD 3, TFHE - 7 —% - 8 ) @d
DEICH D, FITHLWHERZRAEOE S E LKBRT D Z LR TEIUTENTT,

2024 FFH LA LS BEAWWZ LET,

9 https://www.riken.jp/pr/news/2023/20231122 _1/index.html
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2024 £ 1 A TS DFHEEL A S L—I3 AT ADOP—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
1H26H & 9:00 ~ 22:00 FTH—EAKIE FIRA
2H2H N 9:00 ~ 22:00 FTH—ER{KIE AFRA R
3H 290 (&) ~ | 3/299:00 ~ 4/3 17:00 ETH—ER{KIE CEREARILPE
48 3H 0K

- 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]

1H2BH K 830 ~ 1H26H () 9:00ET
2 H21H (K 830 ~ 2H2H (K 9:00FT
3 H28H (R 830 ~ 3 H29H (&) 9:00%T

- RO, 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, /— KEENOSESHF2—DP—E2&RIELET,
= Al N i b ST 1 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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VAT LEREFEOBHOE
(2023.11.1 — 2023.12.31 £H)

1. »~—Ry=T
1.1 Wisteria/BDEC-01 A—/3—a B a—X AT A e 7R
1.2 Ipomoea-01 RFHEILEA b L— T AT 4 - L
2. V7 hu=T
2.1 Red Hat Enterprise Linux 8 (Wisteria/BDEC-01)
» Aquarius, 2/ A/ —R
| NVIDIA HPC SDK 23.11 (2023.12.22) |
» Guacamole #—3
| Apache Tomeat 9.0.83 (2023.12.22) |
A VA M= VEERLE Lz, FIRFECOWTHE, FIHASHER— 2 L 0ORmHHE,
FIXRF 2 AL MIBEX VFIHTSEZ ZEIZE0,
2.2 Red Hat Enterprise Linux 8 (Ipomoea-01) - 7L
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oot HPC HAEfiER A — S —a o B 2 —& 2 25 A(OFP- 1 )& A D I35 64
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— S (Ethernet) MR
-Ipomoea-01
EHE /- FBE AR CPU J—FBE - B RENE S - Y 044 Fet

0942 J=FA : FUXITSU Server
PRIMERGY RX2530 M7 x 2 /-

eus
] e o E
—= -, . 1%/~ FB : Supermicro
ARS-121L-DNRH=JT x 4 J=F
Supermicro D41 2/=FC « FUNITSU Server
ARS-111GL-DNHR-LCC x 1120 J=F PRIMERGY RX2530 M7 x 6 J-F
= FEr0 NVIDIA GH200 x 1 S5
EMEE) - 78.2 PRLOPS
SEEUER : 2200 TIB
WXEYCARM : 5.07 PR/
S50 : /=D NvMe SSD 1.92 TB

FUJITSU Server
PRIMERGY CX2550 M7 x 190/~
J—F&i Intel Xeon MAX 9480 CPU(HBMAEUIER) x 2 I858
RPN (S © 1.29 PFLOPS
EAERER : 23.7 TiB
RENELTFH : 608 TB/s

[
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)

7157 s : DDN EXA Scaler
Fithccart il yey-co /M 10.3PB
MDS/MDT : DDN ES400NVAZ 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

A== Va—F4 7 =2—2R
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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-

A==y ¥a—F 14T Za—A
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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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2024 FEEDOFIMHHA (B - ) (ToOWVT

T RIS AR e S R T — A
By L 7 — A ——a o —F ¢ v M

2024 FED A — /N —a v B a—X VA7 AR ARIA Bl - k) X TREO L B0 D H#unk
F9 FIAHFAOHFIZL T, FIAFABRNAERZY ETOTIFEEL LN,

7EB, ZOHBIIARERRS CTONEDD, ZETLIG61HY £, BHOKHRICO
WTCiE, A== FEa—7 1 7 EMVeb~— (https://www. cc. u—tokyo. ac. jp/) TIZ
R T2 30,

F7z, 2024E4H b OFEICET S FIAREOBE b | DEMITOVTIE, 2024434
KEFELTBVETOT, PHITELIEE,

1. FRFIAHA

Wisteria/BDEC-01 [@¥F]H]

20244E1 H FANCA— =T v B a—T 1 v 7 leb—

(https://www. cc. u—tokyo. ac. jp/) (Z C2024FEEOFIAHFIAY A AL ET, A—r3—
A2 —Z VAT LRSS LY LSBT FIHRIAZIT> TSIV,
FUAZRERFSZ T AHT £ 3725, 202444 B #1006 D ZRAZFHE I 3513, FIF BHAHR
ETICFHE 2T TLLEEN,

B, HARBIZEVFAOBE Y b L dfAEEy MEBY RS TERVWEENH Y
x4,

WA FABIRR - 2024F29F (&) (ROICFHmE 2170 T2

AR, BT - MR BERIL GBS, KB HPC Fv LU WEEREIATIEA
S Al for HPCJ, “EBRMIRAG i AR IL R « SLFEFIERLE L OY HPCL S5 D A5
R DR ERE 9,
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2. MbEEF A HIA

Wisteria/BDEC-01 [@¥%#A]

2024451 H FANCAREH DI IC2023F E OB ERNA & 5ifl L7z MM i OB 25 L
T3, 20244 LKA S A HA 1T, RIS, FIABABIRE CIc T 217> C<
7ZEWN,

7k, FIARBICEVFIAOBE Y b L EAFEE Y bR OREBTERVIBERD
DET,

F7o, Bty MEOBREICHTZ o T, 2023FE R ERE, e BRI E 2B EIC
SHETWEELSEGERH D £7,

WA EARIRR : 20244E2H90 (&) (ROICTFHZE2ITo T EWY)

3. Mwngbii

T 277-0882

THERM TR OREE-2-3 GRAURZEE R ¥ —W)
FOXREENE RS AT LEB

TE ARG AR 78 SR T —

E-mail : uketsuke@cc. u—tokyo. ac. jp
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RERRFHFv /)X —RAEH 2023

A= B 2T TR

2023 4EE D HFUR AT v o S A—fRABRIE 10 H 27 B(&)~28 H(I)ITHF v 3AICE
W, 4 FESDERDBIRBIICR L, BIfES L E LT, A w7 — 13 T Fr /SR 2680
THET (V=) TIERE | 2T —~< |0, A—r 38— P a—& 3 25 Al Wisteria/BDEC-01 | &5 —
AERFEAIR T 7Y 87 4 — LT mdx | O A B I OTARY 7 —%2F L SRR P HiE
HORAZ— R, NTLRFRZEE T LYok — 8 LA XU NS LELT, W H &b
KIFEIZEFEIL, PO TO M F v SAFBICH DT, Z<ORGERBHLIIESVEL,
72F . AR AL — R IR E N E R Db TSI IEE £ LT,

[2 BRI INE]
TEMiAE 7 —i#E 3924 1 HH1104.2 HH 2824
HARY T —& N 1074 1HHEH33%4.2HH 44

HHROMT CNERS ST

ANRALRRAFIARYT — ANLRFOZEE T odi—
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NSCCEEDL. Il v N\ REH

KA H

FORRZEE R 7 —

2023 4E11 H 10 A, Yo HBR—NEATZ—N—a L Pa—F 17k %— (NSCC) @ Quek
Gim Pew BT O HFURFAM 11 F v A&, HRESEE Y —DA—R—ar ' a—4
R0 omdx, PEXEMOWIIERT (ERIN) ML Z—DA— _—ar'a—# ABCI R L&+ 5L
EBICHRE KRS, FERIFOESR & & AW E T o7,

NSCC D—4TIZ, 11 A 12 H A& KIE CHRMEE S 415 [EBE ik SC23 ([CHIE ™5 72 OPEKIZ e ST
STHANLLHY | FERAMF T OB A AT R A e o & — (B CCS) | Hr £ IR Fn
HHOBEAFAFIEFAT, BT Ea—2ifsttr 2 —72L L L bic, TERMTORKT
Iy o "2 &ML,

FRAFF CCS DAR AT o Z — Rl AV THRM 11 ¥ v > /R AIZBZE L7z NSCC —AT 1%, 1 i
MY 4 —DERHETHRERIB L L 4 —ORBIE A —S—ar ¥ a—T 1 7N
R LRI TR, ERIHME BB ZEE I O BB TR YA =T 4 DI Vv2 T 7 FIF%E
TN—TRICE DIERIEM Y v ¥ — DRt Fi s AT & Wisteria/BDEC-01 <2 mdx, PERRHIAAIE >
F—OFtFEY AT L ABCT L2 &2 AWTAFEIC DWW T OB 2 & BRAHBREIT-70
LI v & — R v ¥ — DV AT AOHBREITR, RO T H 5 ERHF
JEAZIA THI TT v SR ZRRIC LTS,
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AEREROBBOEWL

BRI T S 1 7 — 4
BEREE Yy 2 — R —X—a v a—T 4 v 7HEM

RBRDOEEIT, Ky X—DRA— =3V a—X AT LeMHL CTHELNLITEK
Ro o b, G, NERKE, FF, SEHRCO VT IHME V272K b oTd, WERREO &K
ARV X —R——avva—T 1 VD Web A4 b (https://www.cc.u-tokyo.ac.jp/)
25 [TRFEHRES) AT Z S v, b, TWEVREZLAENE R, FRERT — 2~ —
A~DERR, K v 2 —FRITOLHER S Web A=V ICBB I T2 EEdoT, 7K
KFEE v,

BRI, HIRAFIC BT 3 A= —a v ¥ a— XV AT LD - IEFRICORABE DL
Y FETOC, FIAEOHERICIIMAH I 23 wE T L BEVEL RTFE T,

R AFEHEEBE LTS — Supercomputing Diviicn, ENGUSH) | = - (romm Q,
2=/ 'c—: :/E;L—T-f:/‘_'ngFa The University of mna; ' HFLESOE & TOEL & UG 8 BT RTaT
FAl . . ARER WEZE  Wisteria/
¢ TREL GE TEe EERR OEREN B
i
RO
EMITORERECOVT (ORRETE S
A=N-1LEa-9-EAEARERERACO TREININS. RiFELHNETINHOTRICDW - ’—Eﬂ:%ﬁk—%@ﬂy*&b)J
TRHEARRAECHFRTEEINTLE T, NEMALY HAPAYERCRT
CENFBENETOT, FRUSAOSTORBOERRELE LB 2 TR HINET W, ;PZ 7 U 5% 7

FHUNAULNTRTEMUEDE ET,

BEAT WA 7 LI WEWRE WR AN —L
£ mail - uketsukai@ec.u-tokyo.acjp

—

IlszEs+3)

VEEguHE @  [WFEREOHR ] ~—2F

DJ\EE HiC -Fj[ i

+RAzPAd-2 o THFFERRE D ERIC D

FEREORSCONT T — TR S RO~ -

~ Vv
DS, B BRE. TN ¥
1. BN
DR
(SR ECR RO SSMORLEITRY,

HRAE FAQ @ [7Havvy  &FHEES)]
e BRE[A=AT FLR] ZAN
e L. B L 72 R ER

FRaRIRNE. T /9-Q2-Jl-3 o+ wu

S e S e

SRRy, RN MEASCETER—/—a g~y DI - BRI SRNE

LLEM B HTET,

ERNDT D hstlﬂx—n"}’FI/Z&A)'JIA/L,J:’D\‘_‘TEII&I&UE(JE!L\,

Fhoxta I

A-AFFLA
UK O MAY—RE

DRL2VER oul e @i |

@ TwrzAv]|%2Vv2rL,
MREEFR— Y CHERED
EikE B WZ LTS

JavaScript BHMIC LT HBAIEEL,
ERERTEONELL SO, lﬂ)l JLF FLASFRALL o EOBMO &R
Email: kenkyu_shien.adm@gs mail.u-tokyo.acip & TEBELBILET.
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Y—T=

_s[_

¥202 TON ‘9g TOA

10-11 B D aJket

1. Wisteria/BDEC-01 X —/3—aE1—42L AT L (Odyssey) P37 MK (RedHat Enterprise Linux 8)
IR {3 S T71ILERZ [GiB] .y SRERRE [/—FER] (BRI Tty )1 -
A BREH | RAREN a4y | FUYRRE 4\/'?37;—47 NyFogd|  [EE /home /lustre (cPL) TURXE 4\45;37;47 NyFoad (*Ljﬁﬁif ﬂ(i)$
202344 2,490 609| 10918 199 1015 126222 52,135 2287| 3249272| 297228 374 500 | 1362467 30504 398
58 2,120 642| 13766 417 1120  116.362 81,229 2501 | 2896836 |  3647.63 1078 710 | 1944613 35482 462
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| 13,306 202 817| 237419 60,686 2975 | 3279405  6.16545 688 459 | 2,696,378 47073 61.3
8H 2,305 562| 10539 264 968 | 171053 37,527 3231 | 3469397 728053 804 505 | 2185461 3851.7 50.2
98 2,376 637| 14040 352 960 | 319,152 67,675 3532 | 3588203 468301 1,048 486 | 2783625 39376 51.3
108 2,453 766|  17.688 647 1077| 259,646 109,709 3832 3793773 634243 3314 608 | 2,904,633 40323 525
18 2,440 755| 16,557 443 749| 230969 91,468 3924 | 3710937| 441383 3,285 457| 2336525 33053 430
20224118 1,941 585 | 25443 455 975 90,678 80,522 2154 | 3515919 | 1334425 1038 603 | 2530005 35792 466
128 1962 626| 14,321 500 632 77,350 80,043 2323| 3774006 | 540418 964 316 | 3,164,631 43355 56.5
202341 H 2,021 609| 14,159 a7 535 | 163311 99,128 2421 | 3932926 | 385464 1,103 257 | 3817548 52225 68.0
28 2,038 s81| 11,857 359 754| 202,793 76,333 2483 | 3693712 573478 826 363 | 3593710 54536 710
38 1984 s42| 12,085 344 575 | 356988 66,373 2668 | 3696232  4037.06 1113 358 | 3875012 53160 69.2
a3t 163577 4770| 10229 | 2360615 889,345 61,900 15,613 5628 | 33,006,837

-EUEER(L. 20215 F 148 & YRS, EXY—E RI(F, 202148 A2H L YBAIA

HERREFR: oY AU BRI RET
“O45 A2 ($£CPU) : a7 ERTEGL
2022 1 AR FEFITEFZN

J—FRIRE: A5 T4TEIVN\YF U7 DRIBEHEE/—FHN100%EEL IR ELIIGE D FIA/—F .,

HER=17BOA850T4T B LV Ny FUaTRBEMEH 17 B OBRBERH
/—FRAE: Y—ER/—FICHT BRI ALE,

HEK=/—FRAK - —ER/—F#Hx 100

A Bl FI AR5 . .
L ‘ RO/ —FEM
400,000 4,000,000
350,000 3,500,000
300,000 3,000,000
250,000 2,500,000
200,000 2,000,000
150,000 1,500,000
100,000 1,000,000
50,000 500,000
0 0
T M I M I @ L K I @
@ o ~ © e 2 = i N2
Q 3 A5 T AT
I I N\ F 3T
—— R R NV FRIB)

FAEO%)

100
90
80
70
60
50
40
30
20
10

0

J—FFIRA%R

58

20234548

64

7R
8H

9A

108

1A
128

2024418
2R

3A




U—T T4V L—-TA/AE—\(—X
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¥20Z TON ‘92 TOA

2. Wisteria/BDEC-01 A—/\—a E1—4 AT L

Aquarius) 23 J0IEIKR  (RedHat Enterprise Linux 8)

ANIE 42 TR (GPUBsRIIGRBISRD | FH9GPU GPU
£A 4>s;:;7;d SNyFSaT 4‘/5;539;‘—47 KyFoaT F A FAE
(GPU) (%)
2023447 604 9,295 378 92,830 156.9 436
58 757 11,461 453 148,834 204.2 56.7
6H 1,605 12,148 847 101,998 1455 404
78 2,165 12,566 1,181 133,352 184.0 51.1
8H 1,151 8,399 555 101,555 177.3 49.2
98 1,304 17,342 614 139,913 198.8 55.2
108 1,021 15,063 817 146,559 206.1 57.2
18 1,500 14,720 862 177,838 2527 702
20224118 2,224 11,601 1,878 130,383 187.1 52.0
128 3,271 15,738 3,041 148,889 207.8 57.7
202341 971 18,776 953 167,789 230.8 64.1
28 713 11,134 428 120,574 183.6 51.0
38 952 8,630 660 158,282 218.0 60.6
a5t 16,014 155,272 10,789 1,638,413

-EERlE, 202145 A 148 LYRASE, EXY—ERIE, 202158 A28 & YRA

SERER. ERAER. OO HH ERER. D7 LERE.
044> (32CPU) [EWisteira/BDEC-01(Odyssey) &3£5&,

1202211 AR LB EICEFE LN

“GPURIAS: (VA0 T47BLUN\YFOaD OFBIE1GPUH100%BEL IR E L1358 D FIFAGPUSL,
HERX=17BDIUE50T4THELUN\YF T RBEMEE 17 A OFBEER
*GPURIAE: H—EXGPUICKT HFRIALLE, HEX=GPURIAH Y —ERGPUH x 100

30,000

25,000

20,000

15,000

10,000

5,000

ALIRH L

ARIFIRRKR

2023548

58

68
7R
8A

9A

108

1A

128
2024518

2R
3A

GPUFIFAZE

REEFRE(GPURSRE) FI (%)
240,000 100

90
200,000 80
160,000 0

60
120,000 50

40
80,000 30
40,000 20

10
0 0

R EEEEEEE

= A5 TAT B # - = - #
=y F ST S S
o EE G FEE) & -~
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3. Ipomoea—01 KIFEHBANL —U O AT LFERIKR
e py I74 L {EFAE [GiB] J— B
3 = | os 4o S a P2 £% .AE
#A BREW | RAREH| RTK [ FET] (5&cPU) /home /work (%) (GiB)
2023447 2074 52 176 1,339 17.7 126,821 920,839 44| 23657,1876
58 2,066 36 155 660 175 132,266 963,614 46| 236571876
68 2063 31 106 621 6.7 142578 | 1084425 51| 23657,187.6
78 2118 32 229 570 353 140976 | 1,049,941 50| 23,657,187.6
Y 2,147 41 158 626 20.9 162,691 | 1,187,456 57| 23657,187.6
98 2,206 46 222 986 36.9 181450 | 1,318,998 63| 236571876
108 2134 46 200 1119 28.1 197,114 | 1414140 68| 23657,187.6
118 2189 46 253 886 7.7 198291 | 1433127 68| 23657,187.6
20224118 2,403 58 194 618 63.8 671,496 489,011 49| 23657,1876
128 2295 25 68 246 03 108,139 370,835 20| 236571876
20234518 2353 31 101 385 5.1 114,720 359,196 20| 23657,187.6
28 2371 35 178 618 2725 118,832 609,324 30| 23657,187.6
35 2,352 29 212 591 57.1 122,422 807,757 39| 23657,1876
&5t 2,058 8,646 570
SEGERE: DAV RE
“OJ 42 (CPU) : a7 EREL
ERE: RYBTRCICHTIEALE, HEX-T7 L ERE - EHEE X100
-2022F 11 AR IR BEHSEF R
o A BIFI KR
fEM=Z(GiB) R (%)
1,600,000 16.0
1,400,000 14.0
1,200,000 12.0
1,000,000 10.0
800,000 8.0
600,000 6.0
400,000 40
200,000 2.0 E=3/home
0 ‘ ‘ 0.0
T omr m @M m r m M @ @ MO = /work
& ¥ —— R
o~ o~
o o
N N




%5 43 [0] ASE RS XS
S B

FORRA A & —

R KPIE RS % —ASE #1784 (Advanced Supercomputing Environment) [ZPN4F7> 5 D
A A B E U OREMNCEfE L T 5, 2022 45 2 HIZ COVID19 %O T & 7R D% 4
T4 THEL, 2023 44 A O 42 [ HIXBIHIBAME - AT A DA T Yy FTHEMEL
T2, #43[E ASE#FZER' (202348 H 28 H (H)) 1%, 2023 48 H 20 H~25 HIZHR T
BHffE < 4172 ICIAM 2023 (10th International Congress on Industrial and Applied Mathematics) /17
7= |23k H L 7= Elaine Raybourn {#1:* (Sandia National Laboratories), Osni Marques f#+:* (Lawrence
Berkeley National Laboratory) (2 8 23 Ofll, @M v ¥ —HEIC X 28980 b 3 4950
Lz, 1T 0T T LR d, Dmld3BEMBEE Iy R"R), T34 0DNAT Yy
RCRfE S I, HABITEEM 44, BIIZIINFIGERET LA 84 Th o7,

AWFFER OBARITFKB S TR Y, RARNEEIEMEE % —0 YouTube F v > R/ HAREES
HTENTED,

#1 HA3EASENEET 17T L
Kengo Nakajima (The University of Tokyo)

15:00 - 15:05
Welcome
Elaine Raybourn (Sandia National Laboratories, USA)
15:05 - 15:35 . . .
Sociotechnical aspects of code collaborations
Osni Marques (Lawrence Berkeley National Laboratory, USA)
16:03 - 16:35 . S .
Parallel Eigensolvers Based on Minimization Strategies
16:40 - 17-:00 Mitsuaki Kawamura (online) (The University of Tokyo)

Data accumulation in advanced research infrastructure for materials
Shinji Sumimoto (The University of Tokyo)

17:00 - 17:20 | A System-wide Communication Library to Couple Multiple MPI programs
using h3-Open-SYS/WaitlO

Kazuya Yamazaki (The University of Tokyo)

Porting an atmospheric simulator to GPUs using OpenACC

Kengo Nakajima (The University of Tokyo)

Closing

17:20 - 17:40

17:40 - 17:45

https://www.cc.u-tokyo.ac.jp/events/ase/43/43.php
2 https://iciam2023.org/
https://www.sandia.gov/-emraybo/staff/elaine-m-raybourn-ph-d/

https://crd.Ibl.gov/divisions/amcr/applied-mathematics-dept/scalable-solvers/members/staff-

members/osni-marques/
5> https://www.youtube.com/watch?v=FXulL.3Mg C 4
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1T T2 R OB ZENZ W THRE T 5,
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SC23 D71 7T A ACM A.M. Turing Award Lecture, Awards, Birds of a Feather, Early
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T 7T L—4 & LT Rank 13 ® 40.901 GFLOPS/Watts Tl o7z, ARG MAMEE
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HPCG (High Performance Conjugate Gradient) (FILfemEIEDMPRELE 255> X F~—7
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ACM/TEEE-CS Ken Kennedy Award: Keshav Pingali (University of Texas at Austin)
ACM/TEEE-CS George Michael Memorial HPC Fellowship: J. Gregory Pauloski (University
of Chicago), Rohan Basu Roy (Northeastern University)

TEEE-CS Sidney Fernbach Memorial Award: Manish Parashar (Scientific Computing and
Imaging (SCI) Institute and University of Utah)

IEEE-CS Seymour Cray Computer Engineering Award: f&X43& 72 L

ACM Gordon Bell Prize: “Large-scale Materials Modeling at Quantum Accuracy: Ab
Initio Simulations of Quasicrystals and Interacting Extended Defects in Metallic
Alloys” (University of Michigan, Indian Institute of Science, ORNL)

Gordon Bell Prize for Climate Modelling: “The Simple Cloud-Resolving E3SM Atmosphere
Model Running on the Frontier Exascale System” (SNL, LLNL, LBNL, ANL, ORNL, HPE,
PNNL)
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@Booth #1067 ITC/JCAHPC, The University of Tokyo

19:05
19:20

19:20
19:35

19:35
19:50

Kengo Nakajima (The University of Tokyo/JCAHPC, Japan)
Long but "Straight" Road to OFP-II in JCAHPC

Estela Suarez (Juelich Supercomputing Centre, Germany)

Modular Supercomputing Architecture: from DEEP to JUPITER

Jonathan Carter (Lawrence Berkeley National Laboratory, USA)

Current and Future Computing at Berkeley Lab

@Booth #1133 CCS/JICAHPC, The University of Tsukuba

20:00
20:15

20:15
20:30

20:30
20:45

Jack Wells (NVIDIA)

NVIDIA Grace-Hopper superchips for accelerated performance, efficiency, and

programmability

Keita Teranishi (Oakridge National Laboratory, USA)

Toward Extreme Heterogeneous Programming Environment with CHARM-SYCL

Franck Cappello (Argonne National Laboratory, USA)

Al-augmented SWARM based resilience for Integrate Research Infrastructures

gmm (#1133) 20:00-20:45
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Key roles of hydrodynamic interactions in protein folding

Jiaxing Yuan

Research Center for Advanced Science and Technology, The University of Tokyo

1. Introduction

Protein folding is a vital cellular process, orchestrating the creation of a complex
three—-dimensional structure, known as the native state, through interactions among
amino acids (1). Recent strides in artificial intelligence have facilitated precise
predictions of the native structure formed by specific amino acid sequences (2, 3).
Despite these advancements, unraveling the non—equilibrium folding pathways to access
native structures remains a formidable challenge in biophysics research (4-8).
Understanding folding pathways is crucial in protein folding, where significant kinetic
barriers often impede proteins from reaching their global free—energy minimum state

leading to the formation of metastable non—native intermediates (8). Proper folding is
indispensable for proteins’ biological functions and human health, as misfolded
proteins can aggregate to form amorphous clusters or amyloid fibrils, contributing to
various neurodegenerative diseases (9)

Various experimental techniques, 1including X-ray crystallography, fluorescence
spectroscopy, nuclear magnhetic resonance, circular dichroism spectroscopy, atomic force
microscopy, and magnetic tweezers, have been utilized to study protein folding kinetics.
These techniques have successfully unveiled the complexities of protein folding
dynamics, extending the observation time to hours and days. However, achieving high
spatial and temporal resolution simultaneously in experimental folding studies remains
challenging. Molecular dynamics (MD) simulations offer an alternative approach,
providing a detailed view of protein structure and dynamics at an extremely high
spatiotemporal resolution. Nevertheless, MD simulations can be computationally
expensive and are limited to timescales from microseconds to milliseconds. In contrast
to atomistic simulations, coarse—grained (CG) minimal models significantly reduce
computational costs, capturing essential protein folding features without delving into
microscopic details. This approach has significantly contributed to a profound
understanding of the fundamental mechanisms involved in protein folding

Hydrodynamic interactions (HI) induced by solvent flow could significantly impact
protein folding, dynamically coupling the motion of amino acid residues. While the
roles of HI in phase ordering kinetics of soft matter systems are well-established,
less attention has been given to their effects on protein folding. Experimental
investigation is challenging due to the inherent incorporation of HI, making computer
simulations more suitable. However, most simulations have neglected momentum

conservation, such as Langevin dynamics (LD) and Brownian dynamics (BD), leading to
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varied reports on the effects of HI on protein folding. To date, all CG simulations of
protein folding have employed the BD method incorporating the Rotne—Prager (RP) tensor
for modeling HI. However, the RP tensor cannot accurately account for the short-range
many-body aspects of HI due to fluid incompressibility, critical in preventing particles
from forming closely packed arrangements during protein folding, known as the “squeezing
flow effect.” This short-range contribution is essential for accurately modeling non-
equilibrium phase ordering kinetics

This project employs the fluid particle dynamics (FPD) simulation method [10] based on
the direct computation of the Navier-Stokes equation to study the folding kinetics of
a four—a—helices bundle protein. The findings suggest that HI plays a significant role
in selecting fast folding pathways, preventing kinetic trapping, and accelerating
folding kinetics. The directional flow expedites collapsing dynamics during protein
folding, in line with prior knowledge. Importantly, incompressibility—induced squeezing
flow plays a substantial role in establishing proper hydrophobic contacts, preventing
the accumulation of non—native contacts and averting protein entrapment in local free-
energy minima. The impact of HI is most significant for a biologically relevant quench
depth, highlighting their crucial role in protein folding, beyond previous

considerations based on CG simulations neglecting the short-range many-body part of HI.

2. Simulation method

Our coarse—grained (CG) model features a representative four—a —helices bundle protein
positioned in a cubic three—dimensional (3D)-periodic box, incorporating many—body
hydrodynamic interactions (HI) among particles using the fluid particle dynamics (FPD)
method. The four—a-helices bundle protein comprises four interconnected o —helices
represented by beads of diameter o, symbolizing three types of amino—acid residues:

hydrophobic (red), hydrophilic (blue), and neutral (yellow) (Fig. 1).

A turning

helix 1.+ < helix 2
W
4>; < helix 3

A
helix 4

{

Figl: The native conformation of four—oa-—helices bundle protein.
Spherical beads interact through the Lennard-Jones (LJ) potential V LJ, incorporating
energy coupling e, harmonic bond potential Vi, harmonic angle potential V.nge, and
dihedral potential Vginearal. The folding temperature Tr is defined as kgT¢/ ¢ = 0.7, where
ks is the Boltzmann constant. In Figure 1, the native structure is illustrated, obtained
by gradually quenching the system to zero temperature. Folding simulations are conducted

as follows: an initial configuration is prepared through equilibrium simulations under
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the temperature kgTinii/ ¢ = 1, followed by an immediate quenching of the system to T <
T,

3. Simulation Results

As a reference system, we explore the folding kinetics using BD simulations without
incorporating HI (Fig. 2). We find only 3 out of 14 trajectories produce the correct
folded state, characterized by x =~ 0, before t ~ 1.2 X 10 5 7 (Fig. 2). We classify
these successful folding pathways into two types, depending on the chronological order
of folding and collapse: The collapse and folding occur almost concurrently for the
type I pathway (fl in Fig. 2), whereas in the type II pathway (f2—f3 in Fig. 2), folding
is completed much later than the collapse. In the majority of instances, proteins are
trapped in unfolded intermediates with x ~ 0.2 — 0.4 despite being collapsed. Among
all the simulations we conducted, the quickest folding pathway has a folding time of
approximately tr * 2 X 10 4 7y . Even though the native structure of the four—a-
helices bundle protein appears to be simple, the selection of indirect folding pathways

with slow relaxation dynamics is quite common.

BD without HI (folded runs)

1.0
508
E 0.6
§ 04
§ 02
004 50000 100000 150000 °0 50000 100000 150000
C  BD without HI (unfolded runs)
10 3005-.;------1-n-n--v----.--n-n-m-v-
] u u u u1 7 - ul0
0.8 - - u u
£ 06 R %8 39‘_‘ i 9200 3?:‘ . B B it
g04 G 1E 0ol e i
g 02 1%
s 005 50000 100000 150000 0 50000 100000 150000

t[tgpl t[tgpl

Fig2: Temporal change of order parameter x and protein volume for folded and
unfolded trajectories in BD simulations. Here the protein volume is determined by
calculating the convex hull of amino—acid residues

The situation becomes far more different when HI is included. Remarkably, we now
observe that 7 of the 14 trajectories show the correct folded state. In the remaining
simulations, the proteins have remained misfolded until the end of the simulation.
Note, however, that due to the available computational cost, the simulation time in
FPD is 7 ~ 8 times shorter compared to BD. Thus, it is possible that some of the
unfolded states eventually fold after waiting the same amount of time as in BD. Thus,
our results collectively show that HI helps select fast folding pathways to the
native state without being kinetically trapped, speeding up the folding kinetics

compared to its absence
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4. Conclusion and Outlook

In summary, we have unveiled the crucial roles of hydrodynamic interactions (HI) in
the folding kinetics of a four—a-helices bundle protein employing the fluid particle
dynamics (FPD) method (10). Our findings demonstrate that HI plays a pivotal role in
selecting fast folding pathways, significantly accelerating folding kinetics compared
to its absence

In living cells, our findings suggest that cells could leverage HI to favor faster
folding pathways, potentially reducing the 1likelihood of protein aggregation.
Considering that many proteins and other biomolecules, such as RNA (73), have charged
components influencing folding kinetics through electrostatics, it is conceivable to
extend our study to charged biomolecules wusing the FPD method incorporating
electrostatic interactions and ion dynamics. The intriguing question of how organisms
have utilized HI during evolution remains, reflecting the remarkable adaptability and

creativity of life that has withstood natural selection
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