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El Capitan, 2024, USA DOE/NNSA/LLNL
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NDR400, Ubuntu 22.04.4 LTS

NVIDIA DGX H100, Xeon Platinum 8480C 56C 2GHz, NVIDIA H100, Infiniband
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479,232
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297,840
297,840
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146,304

80,640
172,800

368,640

1,809.00
(=1.809 EF)

1.353.00
1,012.00
1,000.00
561.20
477.90
442.01
434.90
379.70
241.20
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135.40
91.94
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49.85
46.80
39.62
22.12
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846.84
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82.3 %
574.84
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714 %
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80.0 %
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751 %
67.44
739 %
72.80
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61.60
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25.95
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60.94
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63.32
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61.05
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[Sato et al. 20171 NS/ TLLE

* Also applicable to full coupling,
multiple applications
Model procedures

|| S B .1 |2. Send-data extraction from
the buffer, and data sending

€OCO (ocean)
Tripolar grid system

NICAM (atmosphere) |
Icosahedral grid system

Draw data from the buffer | Coupler procedures

Send data

time

Recv data

o

1. Data-packing
into a buffer -
Coupler procedures A

3. Data-packing after the ‘
interpolation process |+t==mm===== S ---

4 N|COC0 Model procedures
FTnew coupled model) ‘App. B I

272 276 280 284 288 292 29 300[K]

4. Data extraction
from the buffer

- mo 120 140 160 180 200 [(W/md) =3 26 3.9 [mm/our]
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h3-Open-UTIL/MP (h30-U/MP) 2 1i3-Oen-BOEC
A EREEEERT 5NT5—

App
(Python)

|
i Model
HPC App Analysis/ML

Statistics

(Fortran)

F<->P adapter

A huge amount of h3o0-U/MP h30-U/MP

simulation data
output

Coupling
IB-EDR

¢ _* Wisteria ¢ _* Wisteria
PRGN 27 ) Odyssey JIQ 7>+l Aquarius |

22
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h3-Open-SYS/WailO (WaitlO) r 2 i13-Gpen-BDEC %’%
. Wisteria/BDEC-01 -
— Aquarius (GPU: NVIDIA A100)

— Odyssey (CPU: A64FX ® ¢ Wictpria Platiorm on of (S+D+L

Odys);eyyﬁfquarius%ﬁé) &84 ‘IIAI,IIE%I-'IEIIiIa Big Data & Extreme C"‘“F’(“t""‘g )

~ B—MPIFAYS LTI RATHE e

Odyssey-AquariusfEfE & g R s v

— IB-EDR & 5&E 77 ML AT L (FFS) Shared File | | [Ren Fast File
— HEIS0)7Z : 7 S e s

7&4997:—1’&’5?’6547\5U — 800 Gbps —
0% /—FEANIXMPICEIE WY ;. o=

_ WaIOSOEKETIBEDRIINEET= roces
® IBOSA4TSY)%FH

— WaitlO-File:FFS: KBRET—4

— WaitlO-Hybrid: (IB-EDR/FFS) BEtIYE 2

e b 2

S ¥ 81 External
I Resources

23

h3-Open-SYS/WaitlO-Socket (WaitlO)  raxi 20211

Odyssey-AquariusfEIB-EDR(2.0TB/sec)/FFS (1.0TB/sec) 2 HE{E%
MPISA V%A 37 x—RXTEI] Fortran, C/C++HMSFEUH LA HE

Waitio Instance  WAITIO_NPB=3
| ] [ |

WaitlO API
mpiexec... -n 32 ./a.out

waitio_isend Non-Blocking Send PBID=0 O 5 PBID=2
waitio_irecv Non-Blocking Receive :mmo_mm_mmﬁ

—_— WAITIO_MASTER PORT=yyy ! ]
waitio_wait Termination of waitio_isend/irecv - e

Parallel Block
waitio_init Initialization of WaitlO I mpiexec... -n 8 ./a.out PBID=1
waitio_get_nprocs Process # for each PB (Parallel Block)
ang . . . 0 L 4 w ter

waitio_create_group Creating communication groups $es Hikiea

waitio_create_group_wranks among PB’s

waitio_group_rank Rank ID in the Group ol v N rastrie
waitio_group_size Size of Each Group 2
waitio_pb_size Size of the Entire PB e i
waitio_pb_rank Rank ID of the Entire PB § b

"%%B‘Jy—x
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T4 S E RAEH

)7 I L T—3RE-3DHEEI S L— 30D
S

SIREYE (P ZaL—3>+AlD)
7927 )LER (Ensemble Coupling)

)7 ILE3A LT —3EME+

Simulation
Codes

Simulation Nodes
Odyssey

— Wisteria/BDEC-01

Machine Observation

| JDXnetIZ&BUTILEA LEBAT—4EH

Learning, DDA Data/Learning Data
Nodes, Aquarius
Data Assimilation
Data Analysis Observation Network for Earthquake: O(105) Points

Server, / LU "
Storage, B s g | |2y :
gghsors 3 : i f 5 [c/o Furumura]
etc. o g

Originally
developed in
ERI/U Tokyo

Real-Time Update of Underground Model (ERI/U.Tokyo)]

-15-
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3DEREEI I AL—avElE

Real-Time Data/Simulation Assimilation [c/o Prof. T.Furumura




27

Real-Time Sharing of Seismic Observation is
possible in Japan by JDXnet with SINET

Japan Data eXchange network

« Seismic Observation Data (100Hz/3-dir's/O(103) observation points)
by JDXnet is available through SINET in Real Time
— O(10%) GB/day: available at Website of NIED
— O(10°) pts in future including stations operated by industry

ETTTTITTIN fATT ATy
SRR
g NIED Y e Ve

Originally
developed in
ERI/U.Tokyo

[c/o Prof. H.Tsuruoka
(ERI/U.Tokyo)]

Real-Time Assimilation of “Observation+Computation” in
Seismic Wave Propagation [c/o Oba & Furumura]

- Data As_3|m|Iat|on of V\_Iave Propfagatlon (A) PureS (B) A+S
by “Optimal Interpolation Technique”
Assi c oh Residu% n: Time Step " AA & A AA Y
ssim. Lomp. s OFP- w: Weighting Matrix | 10 sec. |22a%5a% N
Xn = X + W(y, — Hxy) T e
Comp. Assim. % s o ¢ -
xn+1 = Fx% F: Wavg Propagation
- - g ulation o . .
(A) Pure Simulation (B) Assimilation+Sim)| 3 v
/\: Obs. Pts. | (No info for Epicenter needed) P | s JWE
20 sec ‘A% A*
A A
"Eg A
A ‘ J 20.05 20.
aoa A =
AR, LA " \
A LAA '\ ®
A" AL, 30 sec. MA\AA i >
A AA‘AA | . Sal
* 4 ’ - -
1.05 il Lol < ,,’,,,,

- 16 -




Real-Time Assimilation of “Observation+Computation” in

Seismic Wave Propagation [c/o Oba & Furumura]

- Data Assimilation of Wave Propagation (A) PureS (B) A+S
by “Optimal Interpolation Technique”
Assi ob Residu% n: Time Step " AAA A AAA
Comp. Assim. g - . o j|
xn+1 = Fx% F: Wavg Propagation
(A) Pure Simulation (B) Assimilation+Sim, . ’
/A : Obs. Pfs. (No info for Epicenter needed) W | s,
Osec. ma ¥, A\*A
Initial Conditions |°§E 2t as
are created by & L o =
Interpolation of & & ["> ;
Observed Results AD p 2 & \ ? \
A L AA \ \ ®
A A A o 0 sec. ﬁ% ‘ "KL
A AA\Q\AA ’ N .
Epicenter ” - 4 ) i\ - 29
Seism3D/OpenSWPC-DAF
DT LA LT —2REE+232L— 30 (A+S)
#2321 —2300H (Pure S) T W~ HT i e
[ 2 BB (K- B ] [ o
. . = I'X};  F: Wave Propagation
WISterIa/BDEC-O1 Fﬁﬁ%o)%o 75\ (7— (201 7¢) xn+1 simV\lfllatioz ¢
— [

(a) n step

b) n+1 ste
(b) 2 forecasted
g

B

Jorecasted F ] assimilated RI{L

£

residual from obs.

o

R

observation !
yn|| n & ;
1 P 2
: . ,
Rl e

[c/o Prof. T. Furumura, ERI/U.Tokyo]

observation 1
In+1 3

7 J | Optimal

{ | weight

30
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31

RESMEFH I aL—2ar+8ET—2RE1E
[thE, H GHET), BE (BB, T, 7t 2022]

«m 2.¢ Wisteria Output
J = ¢ ¢ BDEC-01 9

Movie

Originally
developed in
ERIAU Tokyo

Data/Learning

Nodes: Aquarius
Intel Ice Lake + NVIDIA A100
7.20 PF, 578.2 TB/s

Filtered Comp.
Results |BREL (0B G Results

Seism3D/
OpenSWPC-DAF

External Server Simulation Nodes:
Odyssey

for Observed )
Fujitsu/Arm A64FX

Data 25.9PF, 7.8 PB/s | Mesh Data | | UG Model |

ommunications by WaitlO-Socket  [Kasaietal. 2021]
Odyssey: RECV

Aquarius: SEND

program dmy_filter call WAITIO_MPI_IRECV (NTMAX1 o, 1, WAITIO_MPI_INTEGER, @,1, WALTIO_COMM_UNIVERSE,...)
<HBE: BREE%H> call WAITIO MPI_IRECV (DT_o, 1, WAITIO_MPI_FLOAT,  @,2, WALTIO COMM_UNIVERSE,...)
call mpi_init (ierr) call WAITIO_MPI_IRECV (NST_o, 1, WAITIO_MPI_INTEGER, @,3, WALTIO_COMM_UNIVERSE,...)
call mpi_comm_size (MPI_COMM_WORLD, nprocs, ierr) call WAITIO_MPI_IRECV (AT_o, 1, WAITIO_MPI_FLOAT,  @,4, WAITIO COMM_UNIVERSE,...)
caﬁ mpi_comm_rank (MPI_COMMTNORLD, myrank, ierr) ) call WAITIO_MPI_IRECV (Te_o, 1, WALTIO MPL FLOAT,  @,5, WALTIO COMM_UNLVERSE,...)
call WAITIO_CREATE_UNIVERSE (WAITIO_COMM_UNIVERSE, ierr ; ) )
U = Lty , call WAITIO_MPI_IRECV (ISO_X_o, NSMAX, WAITIO_MPI_INTEGER, 8,6, WALTIO_COMM_UNIVERSE,...)
X call WAITIO MPI_IRECV (ISO_Y o, NSMAX, WAITIO_MPI_INTEGER, @,7, WALTIO_COMM_UNIVERSE,...)
if (’“y"a"k:f9) E’_‘e" - . P , e s . call WAITIO MPI_IRECV (ISO_Z o, NSMAX, WAITIO_MPI_INTEGER, ©,8, WALTIO_COMM_UNIVERSE,...)
deggagéane, ./obsfile_list.txt’, form=‘formatted’, status=‘old’, iostat=ierr) call WAITIO MPI_IRECV (ISTX_ o,  NST, WAITIO_MPI_INTEGER, ©,9, WAITIO_COMM_UNIVERSE,...)
e e g call WAITIO_MPI_IRECV (ISTY_o,  NST WAITIO_MPI_INTEGER, @,1@,WALTIO_COMM_UNIVERSE,...)
<HBE: obsT—AERAAAHMIE> _MPI_. 0, s )_MPI_. , 8,18, )_( | N
. call WAITIO MPI_IRECV (ISTZ o, NST, WAITIO MPI_INTEGER, @,11,WALTIO_COMM_UNIVERSE,...)
print *,"Send obs data ...... " " i - - " i " - =
call WAITIO_MPI_ISEND (NTMAX1 o, 1, WAITIO_MPI_INTEGER, 2,1, WAITIO_COMM_UNIVERSE,req(1,1), ierr) C?ﬁ 'x:jg—z‘ﬁi—ﬂtg (ﬂf\ﬁ' ) ﬁb':’f‘;"'}ﬁg Len 'jﬁi:ig—;:‘::i—f'gggi gﬁ'iﬁig—gg;ﬁ:ﬁ—mﬂt:zt )
call WAITIO_MPI_ISEND (DT o, 1, WAITIO_MPI_FLOAT, 2,2, WAITIO COMM_UNIVERSE,req(1,2), ierr) call w S (VxALL obs, LM it ’ o o )
call WAITIO MPI_ISEND (NST_o, 1, WAITIO_MPI_INTEGER, 2,3, WAITIO COMM_UNIVERSE,req(1,3), ierr) call WAITIO ‘JLlHLCV LEN, WALTIO V{ ,lJLUAI. 8,14, WALTIO cov{r{ UNIVERSE
call WAITIO_MPI_ISEND (AT_o, 1, WAITIO_MPI_FLOAT, 2,4, WAITIO_COMM_UNIVERSE,req(1,4), ierr) L110 MPL TRECY LI10 ML FLOAT O Lo WALTIO COMM UNIVERSE
call WAITIO_MPI_ISEND (T@_o, 1, WAITIO_MPI_FLOAT, 2,5, WAITIO_COMM_UNIVERSE,req(1,5), ierr)
call WAITIO_MPI_ISEND (ISO_X_o, NSMAX, WAITIO_MPI_INTEGER, 2,6, WAITIO_COMM_UNIVERSE,req(1,6), ierr)
call WAITIO_MPI_ISEND (ISO_Y_o, NSMAX, WAITIO_MPI_INTEGER, 2,7, WAITIO_COMM_UNIVERSE,req(1,7), ierr)
call WAITIO_MPI_ISEND (ISO_Z o, NSMAX, WAITIO_MPI_INTEGER, 2,8, WAITIO_COMM_UNIVERSE,req(1,8), ierr) ® ¢ = x
call WAITIO_MPI_ISEND (ISTX_o, NST, WAITIO_MPI_INTEGER, 2,9, WAITIO_COMM_UNIVERSE,req(1,9), ierr) TS ls.erla Output
call WAITIO_MPI_ISEND (ISTY_o, NST, WAITIO_MPI_INTEGER, 2,10,WAITIO_COMM_UNIVERSE,req(1,10),ierr) BI'E':_“‘ &
call WAITIO_MPI_ISEND (ISTZ o, NST, WAITIO_MPI_INTEGER, 2,11,WAITIO_COMM_UNIVERSE,req(1,11),ierr) . ’
call WAITIO_MPI_ISEND (STC_o, 6*NST, WAITIO_MPI_CHAR, 2,12,WAITIO_COMM_UNIVERSE,req(1,12),ierr)
call WAITIO_MPI_ISEND (VxAll_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT, 2,13,WAITIO_COMM_UNIVERSE,req(1,13),ierr)
call WAITIO_MPI_ISEND (VyAll_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT, 2,14,WAITIO_COMM_UNIVERSE,req(1,14),ierr) DataILearning
call WAITIO_MPI_ISEND (VzAll_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT, 2,15,WAITIO_COMM_UNIVERSE,req(1,15),ierr) 5
call WAITIO_MPI_WAITALL (15,req, status, ierr) Nodes: Aquanus
e SlagaE) Intel Ice Lake + NVIDIA A10(
o () 7.20 PF, 578.2 TB/s
endif
call WAITIO_FINALIZE (ierr)
call mpi_finalize (ierr) 2.0 TB/s IIII
end
Simulation Nodes: ‘

Odyssey

Fujitsu/Arm A64FX : e
25.9PF, 7.8 PB/s | Mesh Data

32
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—%ﬁn‘%'—r H Llﬁlﬂiﬂj

1500 - ¢

1000

¥ [grid]

500

X [grid]

%%;ﬁ(Epicenter)
M Hi-net (Short Period) 349 pts

® F-net (Broadband) 18 pts

(Mw—6 6)

Latitude [N]

33

[c/o Prof. T. Furumura,
ERI/U.Tokyo]

Basement
Depth [km]

-10

Depth [km]

0 100

140

InTuur =
Kanto Basin

300

200
Distance [km]

REHEET = :Ll/—va/+ﬁﬁlﬂll'_“ 2E1E

482 K-NET, KiK-net Observation

L Acceleration [cm/sfs] AT

2007&%5,5%
| Mw 6.8

)
.,;" v

Assimilation by 70s - forecast

A |

-19 -

Results at Kotoh A (N.KOTH)
N 35° 37.0°
] E139° 46.9°

“I" (A+S)=(Pure S)@30s

Y

1 LJ(A+S)|(Pure S)

s+ 110s

time [s] 34




T3t R -T—3-FE IREEH

« Y7 IEA LT—43EL-3DEEIZaAL—2 30D
L=y

« EREYIE (L IaL—ar+Al)

« 7Y 2T )LE R (Ensemble Coupling)

h3-Open-UTIL/MP % i13-Gpen-BDEC
K& BN T S5— DU R

WaitlO LMD & : 51 E (Odyssey) - & /#E 5/ (Aquarius) E

. Model
T Analysis/ML
(Fortran) o
(Python) Visualiztion
F<->P adapter
Statistics

A huge amount of
simulation data
output

h3o-U/MP h30-U/MP

Coupling

IB-EDR

*.* Wisteria *,? Wisteria

PRSx| g Odyssey oo BDEC-01
METT, B, J\f GBRIET) ft 2022] ,
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SHREYE 2L — 3> e
WML FETILHEBFET LIS E—3Y) e T
EARDHEEDN25%ZE HOLMHBFETILZAITEEZ]ZD

BERESIaL—3>:0dyssey (NICAM in Fortran) -
=3 - 5@ : Aquarius (PyTorch: 3-Layer Perceptron)

ML App
(Python)

Input

Coupling without

Grid Remapping

High Resolution Atmospheric Model Low Resolution Atmospheric Model

(Convection-Resolving Mode) Q* + (Convection-Parameterization Mode)
| ]

' T
Coupling Phase 1 Coupling Phase 2

Training with high-resolution Replacing Physical Process
NICAM data in Low-Resolution NICAM - e
with Machine Learning [, I\ GRIEH), 5 2022]

Diagram of applying ML to an atmospheric model

38

IR EBREBEETIVLICEEUIaL—iavIzE&E DL

& (Training) 23X H
B @/ M

__________________________

h3-Open-UTIL/MP h3-Open-UTIL/MP
Data Manager Data Manager

UTIL/MP remaps

the data from Three-layer MLP
Variables are GLO09 to GLO5 is employed for
passed to training
UTIL/MP

1
1
1
1
1
1
1
1
Microphysics !
1
1
1
1
1
1

MPI+WaitlO

[ TS ——

[Arakawa et al. SCA/HPCAsia 2026 Poster] (in press)
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NICAM-NICE Interface using h3-Open-BDEC

NICE:

T -

NICAM Cloud Emulator

|-

interpolation - recv_buffer

waitio_isend .
interpolation —-[ recv_buffer |
wﬁﬁaﬂm ‘ send_buffer
recv_buffer — interpolation |
- o g ¥

39

Overlapped/Pipelined Simulation-Training is

possible

integration
A

coupling
|

integration
)\

coupling
|

[

=) 2
1 exchange

L

| Y

A

|

exchange

|

|
training

[
coupling

-22 -

training

!
coupling
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YEal—Yan LAID LR
AN EKEE, IEIRILE, KEKE r#
H e %@H#Féﬁjm’ma {8 m(iﬂdﬁ S5 TULVS

0.70

Wigparchicas, Bybrid, Neisrogennaus

2 h3-0pen-BDEC

”’ﬁ aig Data & EIEmE Computing

R, AR GREDD, 5 2022]

0.100
75 4
j 0.65 0.075
oo ':E: - | 0.60 50 4 Arho ~ ol Arho i
ﬁ % a3 —— 0.55 25 i 25 & )
z 1 v 1 0.025
h 0.50 o AT o AT 0.000
e =2 o o — e =257 —25 —0.025
—so0 - - '“,, s S | 0.40 —50 —so04 -0.050
y > ~ 0.35 i - —0.075
e 2l b i i ol 0.30 75 7 -0.100
=150 —-100 -50 o 50 100 150 -150 -100 -50 o 50 100 150 —-150 —100 -50 o 50 100 150
200000
75 75 4 75 4 0.6
50 L. Aaaaee 50 AElTl 50 AElTl 0.4
W tl.s sl y 180000 ™ - sl |
IxX |,d\:‘3 m ol o AT
~) =23 . 160000 -25 25 |
E n = 150000 -50 50 | i
e S e ., -
T m100 =S doa —1s0 -100 -50 0 s0 100 150 -150 -100 -50 0 s0 100 150
0.0030
0.100
0.0025 751 =4 0.075
7_K 0.0020 01 Arho_q a e Arho_q ) 0.050
III\ . — - - -’4 ! 254 X > 0025
! ) 0.0015 o] AT 8 & ¥ o4 AT 0.000
(5] Jx
0.0010 T . 5% -0.025
rho q 0.0005 —50 -50 =0.050
— -0.075
0.0000 =75 —7s
-0.100

=150 =100 =50

-150 -100 —50

Prediction by ML/NN

Comparison: Simulations and Al [2025]

[Arakawa et al.
SCA/HPCAsia 2026
Poster] (in press)

5 parameters were added for Training the Model of 3 Parameters

60'€ 1208

Air
Density
rho

Internal
Energy
Ein

Vapor L I
Density

rho_q

0,002

o001
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Air Density

Internal Energy

Vapor Density

rho Ein rho_q
%1077 i — x10~7 e -
2022 ’ 1
3 parameters (8 . i
for 3 variables PFa
v 2 -‘g
£,
[Arakawa et al. -
SCA/HPCAsia 2026 - = .
Poster] (in press) ¥ " pepmasion — mapssion e e
-4 -2 ] 2 4 6 8 0.0 0.5 1.0 1.5 20 -5 —4 -3 -2 -1 0 1
Reference %1077 Reference Reference 1077
x10~7 drho dein 5 107 drhoqv
2025 i
8 parameters ) .
for 3 variables i
Density of: "
Cloud Water i l
Rain, Ice, Snow .|~ —i-N - <—imiel
—4 -2 0 2 4 6 8 0.0 0.5 1.0 115 20 -5 —4 -3 -2 -1 0 1
G ra u pel Reference %10~ Refi ce Reference 10~
44
M RRIRR FRICH T 5 R EDFSIR D fEBR
WWinm R AZHI “HESEME DRI D fER

EHFTEBR(RK-TFR)
B KAl-for-Science (2020-2021 5 )

JHPCNi F 22 iR RE (2022-, 20254, #1R)
BiE GHE) K& I aL—2 a3y DAEEMRTE
21bFEDOMEL

- e B &y '
R hoid RS o — 1
) i
i ]

4 . &
FEE X | :

o T i - 7

Addaa - i
Tk T4 2 {
Ade TN sai , i
New énsemble reanalysis dataset andj
Uncertainty quantification methods analysis of uncertaintyft

— Uncertainty Quantification of Extreme Weather
Prediction

FHEEMRME ML=
DE{FLAET
— IRTE (X Wisteria/BDEC-01 L I +—4EREEI 72’0
—F 1%E A
B ZIT A BAIZE A
. E?&?f)biﬁk?b—_/_\'j—ﬁﬂH/*“z?‘-?—b(??"]’r
—wv3v

P —

mMR[RT—2 vk
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Simulation + Data + Learning computing platform
ﬁ

WHEECLAREBEETIL

B K10004> 75—
FoHrFNrRa—ay

-

: » -

HORBoH AL - BESH
oo RGA—EDA1XHEE

Wisteria Wisteria
BDEC-01 %ﬂpﬁ Pl Aquarius
R

MRE - HRAE /54— RUFOT—HA—R

\




5t&R-T—5-FE IREEH

T ILAA LT —32E1E-3DREEIZaL— 3D
iy

EIREYIE (P 2aL— 3> +AlD)

7Y T JLER (Ensemble Coupling)

7Y JILT—42REE

Ensemble

Observation

Assimilation

éﬂﬂf*%ﬁ*ﬁd)ﬂ% —dl%/\ll/ AV TIE, INSGA—BRIAT4(ToHT
IWEtE) T AR E A EHLE T, 7Y T IILT—42E1E (Ensemble-
based Data Assimilation) AN G{{FEHINTL S,

—- 010 —REBEDT7UH VT IV EEZERINIL SRELTRMNEIEETHSH,
SRBEEETTIVEFERLE7Y IV T—2RE1E (B & 79T IL) T, SHER
)yY—X, StERFHZEEETHE0(102) y—RIZEHREM TH S [Miyoshi 2014]
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7Y T I)LT—4E1t [Miyoshi et al. 2014]

(a) 20 members w/o localization (b) 20 members w/ 700-km localization
&0 n;ufwﬁ;@& o wa”"’*fgﬁr%vz
A VEGH . slmi [ E R N . DR
- 5&*@%{‘%@;_ = iip;z‘gg o D & : P ¢ ;”1
PR SR, BTl e ™ | [\ I
60° 120" 180° 240° 300° 60" 120° 180" 240° 300
(c) 80 members w/o localization (d) 320 members w/o localization
60 e o e ey Uiy A W ﬁ‘ 60" £ - - < L
a0 & B ‘ -, 15 . \ “g > 5 & D 30" §1°" . ~D*E..= '% /é
60° 120° 180° 240° 300° 62) 120" 180 240° 300
(e) 1280 members w/o localization (f) 10240 members w/o localization

BT

SO
240 300°
0.8 1.0

47

7292 )LER (Ensemble Coupling) (1/2)
« 7Y T )LER (Ensemble Coupling) [E7 UV T IVGHELERTES
%ﬂﬁ&bﬁf:%o)—éﬁéo
— COMREEERWVWAEFIZIERKETIVT UYLV IIILEBEETILZOY VI IILEERS
B-RRBETUY VI ILERMNAREELGYENVBIRMEE BRI ENHFTES,
— AETIE, BEBEXRXKETILTUOH VI ILEEHBREBERRETILOERZE(
Filtered Nudging)

; 224km ensemble DA 1

14km filtered nudging I

Coupling

Y  —
data exchange and \
grid remapping ’
by the coupler
Nudging large-scale
status

Observation

160 nodes

640 processes
Assimilation

Ensemble, 160 nodes
10 processes (2.5-nodes)x 64 members

- 26 -
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49

722D )LE R (Ensemble Coupling) (2/2)

- RFEBET7UOHUIIIL-SRGBEERIZEY, SREBEERKETILOTY
HUJIEEICHLTEHE) Y —REKEBICHEIB T A2 ENTEEE TS,

o K[, KEMWGEOBRMEICEN-EREBEETTIVLE, EHlGIEOEIR
HIZEBN-EREEETIVEERT HEICELY, SREBEETIVEAKD
FoHUTIFHEICLELTEYEWEBREF A EMNAIEEELD,

« KKETILNICAMIZ K BHREE
v BB E R K AEE220kmDETILET64 79T L
vV SREGEA KFEEEEN14kmDEARETIL
v" Wisteria/BDEC-010) Odyssey/—F % ALVET ILEFRIORBRDIE S TRLV=UY

—R[£19.3/—FEFfETH-= (FP32)

s CORRIIEHBEBEETIVECAT YT IILTCIRBES LEBEDOFERYY—X2,240/—K
B (FP64) I L TM2E DRI EZERLI-CEEXER®RT S,

+ 1,0007> Y T ILEDT U T ILVEREAT ST ILEYBENOER (109 D1F8E) T
EhE AT RE

14dkm Ay o
EMETIVIC N - B
&5T—43RE § °

(fEEEY) :
2,240 NH

FoHYITIL
E R (224km+ §

14km)
19.3 NH

| '
8 38 3 o 8

it
250 300 300

e o
50 X

- ORFREFEN TIKT UYLV I IIETELBEARETTERIIGLS, 7oHLT OOl HPC Asia
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FTH7TEEMFZRM D FOXHHFRERE
HEETE R E (M ER T iREERM)

HE T4 FEORMAICLSEHOHEREFRORR
(hBHE, ExEE, BB TIBESE, & #iE)

« I5tHE-T—%-F8 (S+D+L) J@4 &
—Wistereia/BDEC-01
— Miyabi
—h3-Open-BDEC
—JHPC-quantum
- TEENEXTIZHBIFTET7ITVr—artTdns3309
« FEH




EF - R/ EETS Yy I+—L (JHPC-quantum)
http://ihpc-quantum.orqg/
+ JHPC-quantum (FY.2023-FY.2028) "I HPC-quantum
— BHR-CCS, YIk/\>Y, BX, BRK om
_ 427 % -NEDORANSGEIEE %, EELA~DHE SOftBaik @ R-CCS
« 2HMEFIE1—5(QC)EEA (2025%) P ARS8 L HRAY
— IBM(BB{=EH!), 156+Qubit, B F (68) o -
—— Q QUANTINUUM

— Quantinuum (lon-Trap!), 20+Qubit, BFFHIN (28)E=5E.
« EF-HPC/\AJ)yREHE
- QCZEMMEEEELTHS ﬁ i13-Gpen-BDEC
By s

- EFHE EFHEBES
« RARDOEE EERERITORTLYINIIT
— h3-Open-BDEC DLk - T
. ZEOJ:ZESF?;\XMB% @& -MiyabitEFIE1—53D '"‘““—“_ mmf
IETs IF A0 dnble et il o

54

Miyabi-C/Miyabi-GI=& F-HPC
INT)yREEDIaL—I3

SRR ot [
NVIDIA CUDA-Q on Miyabi-G inemcacmms

IB-HDR (200) ﬁ iv3-nen-BDEC
/”/,;«7" nnnnnnnnnnnnnnnnnnnnnnnn

IB-NDR (400Gbps)

ivabi Miyabi-C File System
val)\{lppclaigéo? 120 Intel Xeon Max DDN EXA Scaler
’ HBM2e) 2 x 190 11.3 PB, 1.0TB/sec

78.2PF, 5.07 PB/sec | 43 PF, 608 TB/sec All Flash Storage S
||l Miyabi-C |
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[CUDA-Q+Miyabil T
[EF-HPC/NAT) YR IZ#EKELTHELS !

« 20255 5H 26 H : Miyabi(Miyabi-G, Miyabi-C) 5
— SFIEF -HPC/\(J1)wFIRE | TVQE (Variational «Z

Quantum Eigensolver) Z{KE& CEY:E::»; |
— 12 A22BIZFE2EEENE __ 6l
10:00-10:10  |#is+EmSHE ! I“ M'yab' -G L
10:10-10:30 NVIDIA Quantum® B4 (EEZ) |
CUDA-QAFq (EE=2+EE)

10:30 - 12:00 | S, o = s £

FREVF ARG (EF+EE)
AfDfE, VQEDEEL

15:00- 17:00 |EF-HPC/NATYvFEE (EE+EE)
17:00 - 17:30  |MiyabiR%

13:00 - 14:30

56

Variational Quantum Eigensolver (VQE)
EERE(&/DMIRILE—) =R/PEFE

« Compute the minimum eigenvalue and its eigenvector for a matrix H = )}, H; = },; a; P;
P;: Pauli matrix (sparse matrix)

A Giegimenebn 1 | F3 JEaA—AR(E, A

‘ = ] NEHEERZHUFIZZE
@ ﬁﬁ?é@?ﬁ"@ff RIRE
(Hy) _» —xFEX-BEFIE
F ;xm%mx BF=R/S
(i AVITPLES

.
()
e
kel
«
Il
S
o
0
©
(6]

CUDA-Q: QPU-agnostic |
platform for accelerated !
quantum supercomputing |

g A (Hy)
Emmd  Quantum module N s 2
1

i / |
# Miyabi-C
Adjust the parameters for the next input state ! Iya I-

Expectation value (H),g)

SciPy: scipy.optimize for adjust the parameters

Figure from Peruzzo, A., McClean, J., Shadbolt, P. et al. A variational eigenvalue solver on a photonic quantum processor. Nat Commun 5, 4213 (2014).
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QC-HPC Hybrid on Miyabi
* Miyabi-C: HPC + Miyabi-G: QC
» Codes are written in Python, WaitlO with Python Interface

Miyabi-C Miyabi-G
HPC } _ QC

’ N7 S
[ ‘ generate hamiltonian ‘ \ [ \

I 1
1 ‘sendelectron_count recv electron_count I ‘ qu_O.py ‘ ‘ vge Apy ‘
| 11 |
: ! et ! | | |
| 11 |

calc parameter_count

' n | l ~ h3ou.py
: recv parameter_count 4—‘:—{ send parameter_count ‘ : |

I
I 1l I | l
| P | o R :
: :, | ' libimpi_odyssey.so libimpi_aquarius.so
| calc cost(theta) 11 [ t t
I 11 I
. | impic
| 11 |
| } . i
' recv eval |« v LS P K libwaitio_a64fx.so libwaitio.so

________________________

57

Variational Quantum Eigensolver (VQE)
ERRE (HR/DMIRILEF—)=R/PEFE

1. Generating quantum state |1 (6 )) on QC
2. Measuring (H( 0 ))=(+ (0)|H| 4 (6))

3. Based on the measured results, HPC determines 6

that minimizes (1 (0 ) |H| 4 (6))

By repeating these procedures until (1 (6 )|H| v (0 )) converges,
an approximate ground state is obtained.

-31 -
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Variational Quantum Eigensolver (VQE)
ERRE (H/DIRILEF—)=R/PEFE

Generating quantum state |14 (0 )) on QC
SIS Measuring (H(0))=(% (6)|H| % (8))
016 \WEXTAYA Based on the measured results, HPC determines 6
o[O3 that minimizes (1 (0 )|H| (6))

By repeating these procedures until (1 (6 )|H]| v (0 )) converges,
an approximate ground state is obtained.

EFIAVE1—3E ANEFHERZLSIZERTLIO08FE, K
RIEEN —RARBRX-BEFEKRKBEFEILFEF>R/N\OVIZTH6ES

60

Demonstration of VQE: Hydrogen with 4 Qbits

- H. @—0

0.7474A
* Small-scale molecule, well-known

VOE — good for verification

* Succeeded in finding the optimal parameters

1.4

1.2

®R08

i 0.6

& 0.4

0.2

-1.137171hartrge 0
socket file

hybrid

Energy
-

5 30 35 40 ECl mC2 mC3 mC4 mCS

Computation Time on Odyssey for
various types of communication methods
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HmAZ, IBM Quantum System OnelZ& &S gD

IBM HeronZ7 OtzvH—%E A (20255816 H)
I FHPCE 88 /5% (JCAHPC) D XA —/\—aYE 1—4—[Miyabi] &

IBM Quantum System OneZ%E#%

, RS

12 e

« REKZFEBME, RRRENEFA/A

—avA=Z 7 T4 EE (LT QI D

AV IN—[TIZT I RERET SIBM
Quantum System OnelZ. ZRHFT D156 EF
Evk®IBM Heron7 Oty H—%E AT %
FTEZHFRLEL,

« IBM Quantum HeronZOtvH—I[,. F2

—F I HhT5—F7—XTOFv—%HA
L.2023FE IR ICEASNh-TOyY
—% EESMEEERATLNET,

61

HmAZ, IBM Quantum System OnelZH& S gD

IBM HeronZ7 OtzvH—%E A (20255816 H)
mIcin RHPCE B8k (JCAHPC) D X—/3\—avE 1—4—IMiyabi | &

IBM Quantum System OneZiE#k

« T RKEKRZFL, SEERFICIBM

Quantum System One%x, A—/\—a Ea
—A—MiyabilZ#fEL . EFEHLELFZX
—/\—aVEa1—42—%FEHI LHFETY,

© CHISEKY, QUIZZET HFREER. KF

HAEEBEEOI—Y—(L. LN F
AVITAITAVAR . BIRILT—EE #
HEZE £S5, ZOMBLDHEF T, FHLL
HEgEHEMEL-/N\DA—< U REFIBT
EHESITHYET,

. MiyabilZ4 &I, IBMJIIIE, IBM#F,

Quantinuum#0Jt (328R) D3 DDV AT L
&%ﬁo 62
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Miyabi-ibm_kawasaki Connection
through mdx

? PREFECT
Prefect Console

. Logln Nodes
 Compute Nodes

 Storage Qiskit Runtime
REST API

1BM Qu.mtulelM .y
- ‘ o

Platform.-  svees |b ka’sakl

i Multi-Channel Direct Access API
Scheduler

Lattice Gauge Theory by SKQD (Sample-based

Krylov Quantum Dlagonallzatlon)

[Dr. liyama (UTokyo)]
PREFECT on mdx

Circuit execution + sampling|

Problem definition —p Circuit composition + transpilation ’]\/IWPI\/I correction

« Lattice geometry (experiment and reference) / \

« Plaquette energy 4 .
« D, At Experiment circuit Reference circuit

samples samples

% Hamiltonian / / ¥
: Krylov sample generation| <=|CRBM ftraining| !

Projection & diagonalization /
JAX sparse solver / i ‘ CPU-bound tasks|
a E Q r pREFELI GPU-bound tasksl
0 | )
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[5t&E-7—%-F8 (S+D+L) It &
—Wistereia/BDEC-01
—h3-Open-BDEC
Miyabi

—JHPC-quantum
BENEXTIIZEITET7 TV r—3 TRy Sy
F&EH

5

BLZHFFRT. E18EHLUNVIDIAE DEEEEICL S TE
ENEXT) BFEEHIZ 158 —515IC K BFEERERZ A BAX

Bt TALHPCT S b7 4 —L) HEEA— .

English »

BLFHR (AHEEER. UT MEH ) 3. Shatdat (B5H BC AREHTHE. UT B4 ) «
NVIDIA Corporation (x>« 77 CEO. BAF TNVIDIAY ) & EbiZ. Z2—N—-1YEa—% TEE) OXHEK
EBBFBT v owTL AT A (BEI—Fx—L TEENEXTY ) ([CELT, EMEEEEAE LcEREE
ICE DRSS IUMRERB IS L LEL. BEDZS v Iy T AT LELTIENSHTGPU (4771w ¥
MIBEE) ENESBICHA L. NVIDIAA'EOGPUERICREIT 2585t 2 FELFT. 2UESATLELURE/ — K.
CPU (PRFHEE) OBARHCEVTIE, TTICEAE EHICHNEEDTVSELENEEL £, =HIFES
LT NN A= »ROAvEa—T1 %7 (HPC) OEBELTHEICSZRERAREZRS TALHPCT S v b
TA—L) OBELEDET,
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o BRFEHPCPZ U —23>T
HITO5~ 102 LOEZETH1EEE

o ATMMEETES (Zetta) FLOPSA¥—JlOE—
J1EEEE = FACS50EFLOPSEL L DE#hTEsE

e ¥Z1L—-33XEAIDRMEICED,
BENEHTHEO7IVr—3yaryaiEk{beBE

R cm FT U —>3 %8 BX100EADE
M=l avE1—% | [EENEXTI
(2011~) (2030~)
4 P UikHe ' ;
Frur-savse p LA, 210012 Jasee)
o | s | | B N OEEE | N |
4 - FAYS—DERR
N=FROIT71%EE 10.6PFLOPS , — = 2.6EFLOPS Bl k
(FP64/XEUMEEE ’ 5.64PB/s L 800PB/s Bl ]
IcE o =
(FLIVZLEELSD) [ |
. *?;EE’}% g_—gl, / IPINNS OFIFE (10~20£2)
. ﬁﬁ—l@ﬁm@éﬂﬁ (l : OzakiAF—LZ) } (2~8f5)
[ &
AIN— kTP . = e R
O R Bcsovis Jpl  erLops nit
CAYI—DE
L
| |
e — = . 68
R cim [EENEXT] [CROENDISZAFT A

e PIUr=330XwtEeREXRLEITIIFIV
F—3377-AMOEB=

e BEHHNVTTHEZZERII Y. [EEITEOE
P2Ur—332Yo M b0 BEZBMEBTES
ENHEOSVCPURIE FIEHE R OESE WNIEHNESS
ZHHEDEE. SFEEBELUAFTOSZFAR/—F
P=¥70FvEBARBRELESATA

HHE CPU &S E&] EE| I
&5/ —F# 3400/ —FULE 158,976
IE:R FP6A~ 7 b L PERE 48 PFLOPSLL E 2.6 EFLOPSLLE 537 PFLOPS x5.7 Bk
3 FP16/BF16175iEE4gE 1.5 EFLOPSE 150 EFLOPSEL E 2.15/EFLORS x70.5 BLE
B FP8ITYEE 14aE 3.0 EFLOPSE E 300 EFLOPSLLE —_
sparsityZ &0 RE:w1ERE - 600 EFLOPSLL E —
ALV AEYYA4X 10 PiBELE 10 PiBELE 4.85 PiB x4.1 Bk
AL AEY NV FIF 7PB/sElE 800 PB/skl E 163 PB/s x4.9 Bl E
AftERED 40 MWLLF (GtE/—FBLURFL—Y) #30 MW

HZIEEEEREN—AICEREF THEMRBANYITRETE
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R Cm [EENEXTI] A5 AL - PT—FFIOF v HIE

BE#HEM (Scale-out Network)
I I I o —
| * (o HiiE#EMONAKA-X CPU (o )
5 o | o FYILYMNCEBARME Sy MOX=—17CPU
| [ =ta CEe ] = Etd | . EEAIEER) (25
L e 2 4 \ =, = > QIEU 0;5;34% %(gg}rﬁﬂ@ﬁ%a) (=
% ‘MONAKA—X 'MONAKA-X |% ‘MONAKA-XE MONAKA—XI \ = o /‘
e Ly Serie i 2 s . R
“1---F---- 1" T ¢ CPU-GPURIES & | nvio | et
| nviDIA | NVIDIA vee  NVIDIA NVIDIA o Lt cab—L > MECPU-GPUERE RO
GPU GPU ' GPU GPU HEHziERE 3
NVIDIA NVIDIA NVIDIA | NVIDIA — = \
= e NVIDIA#ESEIRGPU
GPU GPU GPU GPU T T _ i
= o EEME (HPCAYML, AIRI{TIIES)
o Sl SRR IR TR R )
- W
Scal Net ” ] - e GPURijScale-up Network
cale-up Networ * :
P S’]\ o FERIERONVLINKIZES )~ RINET(d/— KRS
 Scale-up NW THEHGPUDLL HisiiE O ki ata st 1)

BT/ — RE LU AT LR ERSGET TRETFIE

70

EENEXTIIZBTE5FrL D
TI)r—aVBEEMNSDER S
« JRACPU(E, &) M 5GPU (Monaka-X+NVIDIA) ~AD 4T
- FP6ADEREIXIEEIDGIZIEE
— P —2avLRILTI00EDHEER EEBIETICIE, AT XNNRE
« HDGPUEDR—EE T (e.g. AMD)
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72
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w

BRI EM [FH/kWh]
& 8 b

~
~

GPURHE - 17 (2022410 A BAgR)

« 3,000 AL EDOFPFIA®E :18~30r AHLE
NVIDIA Japan®D17# 11 : £9150BDEE £ TITHFE
[ B 2548 (Self Porting) 1 : ¥ <A T3y
— 8HREID/NHYY (E=Fx>T), 35 AI121E], A25A42 1\ 14T1) vk, Slackf# A
« FURK-BEKCAHPC), #ZX, FHEX, AMX, X, BEAX H4& (REX, BrX)
- B ARAEINSIHEHKSE 1 (Zoom, EA——HLEHHIZSMTES)
— RELOLREELEIBITR—2IL YA, EEEER
* https://jcahpc.github.io/gpu_porting/
[H-7R—FF£4E (Surpported Porting) |
- 2DA——%FTH332=T,3—F (197, RE), OpenFOAM(NVIDIA)
—- NED-ODOFELER EHALT—HEY)
— THR—FBHELIT =T A N—(FIZEF) [T/ \vhV BRI HEEMIZS I
HAHIZOpenACC/StdPar(Standard Parallelism) 2 s
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Category Name (Organizations) Target, Method etc.

FrontISTR (U.Tokyo) Solid Mechanics, FEM Fortran
FrontFlow/blue (FFB) (U.Tokyo) CFD, FEM Fortran
Engineering FrontFlow/red (AFFr) (Advanced
(5) Soft) CFD, FVYM Fortran
FFX (U.Tokyo) CFD, Lattice Boltzmann Method (LBM) Fortran
CUBE (Kobe U./RIKEN) CFD, Hierarchical Cartesian Grid Fortran
Sahyaes ABINIT-MP (Rikkyo U.) Drug Discovery etc., FMO Fortran
3) UT-Heart (UT Heart, U.Tokyo) Heart Simulation, FEM etc. Fortran, C
Lynx (Simula, U.Tokyo) Cardiac Electrophysiology, FVM C
el MUTSU/iHallMHD3D (NIFS) Turbulent MHD, FFT Fortran
3) Nucl_TDDFT (Tokyo Tech) Nuclear Physics, Time Dependent DFT Fortran
Athena++ (Tohoku U. etc.) Astrophysics/MHD, FVM/AMR C++
Climate/ SCALE (RIKEN) Climate/Weather, FVM Fortran
Weather/ NICAM (U.Tokyo, RIKEN, NIES) Global Climate, FVM Fortran
Ocean = MIROC-GCM (AORI/U.Tokyo) Atmospheric Science, FFT etc. Fortran77
(4) Kinaco (AORI/U.Tokyo) Ocean Science, FDM Fortran
OpenSWPC (ERI/U.Tokyo) Earthquake Wave Propagation, FDM Fortran
Earthquake SPECFEM3D (Kyoto U.) Earthquake Simulations, Spectral FEM Fortran
(4) hbi_hacapk (JAMSTEC, U.Tokyo) Earthquake Simulations, H-Matrix Fortran
sse 3d (NIED) Earthquake Science, BEM (CUDA Fortran) Fortran

HAIRDESCIZ&HTHF L 2o

EEREE-BEREEE I3al—3ay
LLMZFI AL =GPU# &

R—4A7T )L (Portable) 7 A5 53 J IR1E
CPU/GPU®M3h B 875 F| F
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GPUIL{a[&AIZEL TS D H ?

c AT DX ELHE T LEM/NMNIELZTI -TOVILDEER
— BEEZHFEYDLELLLL

- " E i
- MERME O ERISERE (FP64, 64bit) o mmmm“m““““m“

- AIRBORFEHFRE(FP16, 16biVTHY e " i
BROCHEREOISOIOREEE, HHE e o :
- 72/)La7 (Tensor Core) rere 1 D
- FREOTI-TUVIVERESRICREY SHW
— NVIDIA V100(2018) LAR&(Z3E %
— AMD, Intel®GPU%AISLEEE S TIENVIDIAIZ I B AR
« KIREEBET VL (LLM) : TESZIFE<DONVIDIA GPUZHER T S LA A

s MERWNEEOSHETHERE - EEREZRBMICFRALEIIELSBE
&5 (BIFRAF—L (&it))

~
N
Not standardized by IEEE754

84

History of NVIDIA’s GPU

Memory il Gacs Tench:r?’?Jore Tif\lg/rl:g;?e
Memory | g ndwidth | (BFLOPS) | (GFLOPS) | © or\ 6ps) | (GFLOPS) Ui
() 64bit 32bit : : (Watt)
(GB/sec) Double Sinale 32bit 16bit
9 Single Half
P100 16 720 4,700 9,300 - 18,700 250
V100 32 1,134 8,200 16,400 - 130,000 300
A100 40 1,555 9,700 19,500 156,000 312,000 400
H100 80 3,352 33,500 66,900 989,000 1,979,000 700
GH200 ~1,000
ey 96 4,022 33,500 66,900 989,000 1,979,000 i ey
B200 192 8,000 40,000 80,000 2,250,000 4,500,000 1,200

» Tensor Core: Special HW for Computing of Small Matrices in Al

« Shifting to Al, Saturated Performance of FP64, FP4/FP8/INT8 with
Tensor Core are introduced in B200
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B-XEREEREICIOMAFEREOLENL

c BE-ZHREER
- STE=E-5TEER-HEE - AT)AEE /ORI
« BIERMTEFE O ZILIEFREE (64bit) TEHRSN TS, x1¢®§lﬂﬁ:ﬁ%§
THNIE, BEFEE (32bit) - FF5E (16bit), iEESFEE THAHE
s FAEF R EICEREGHEZERL TCEELGRBEOIRIILF—ZHEEKIC
LTS - HEIN7ZELN
- S, BEREEEDOERIEEA
- /hbn*iE/ﬁﬁ@Eﬁn, 77 'J’\O)Jﬁﬁliﬂﬂf(:ﬁbhfb\é
— Approximate Computing: EE D= DHZE
o TR ITEGNIE
s FPGAZEL/N\—KOx7, VRATLYI YT, A4S
— IRRAML—TRRAMIF-EEZLGHEMiD—D

P3D: Steady State 3D Heat N

Conduction by FVM (1/2) .
V- (AVe)+ f =0
(AVe)+ f Y M

» 7-point Stencil |4 ;X NX
 Heterogenous Material Property 0=0@z=z

— A/, is proportional to the condition

number of coefficient matrices Ky

« Coefficient Matrix ﬂl

— Sparse, SPD N
. ICCG Solver = A
« Fortran 90 + OpenMP ﬂ.l

« CM-RCM Reordering v

86
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Ratio of FP32(SP)/FP64(DP): CRS
Iterations @ & Time A for ICCG,

’11/}“_2’ 128° DOF, _CRS @lterations ATime O
Ratio<1 = FP32 is faster 3| 250
o
E 2.00
4 & *
o
LL 1.50 °
22 s ® o e ® A
21 o| 1.00
= A
&: 0.50 A A A -
V- (AVg)+ f=0 o
Intel Xeon BDW ' 1.E+01 1.E+02 . 1.E+03 1.E+04 1.E+05
1 Node: 18 cores x 2 soc’s Ratio of 4,/ 4, KN et al. 2018
Ratio of FP32(SP)/FP64(DP) : CRS
Iterations @ & Time A for ICCG;,
A/A,, 128° DOF, CRS @lterations ATime P

Ratio<1 = FP32 is faster

2.50

2.00

A

4

1.50
1.00 T—Zf
ﬂl 0.50 A A L
S

0.00
1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06
Intel Xeon BDW

. , Ratio of 4./
1 Node: 18 cores x 2 soc’s atio of 4,/ 4, KN et al. 2018]

Ratio of FP32/FP64
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Ratio of FP32(SP)/FP64(DP) : CRS
Iterations @ & Time A for ICCGa:.00

A/2,, 1283 DOF, CRS @Iterations ATime ¢
Ratio<1 = FP32 is faster | 25%°
o
ﬁ 200 [— +20% iterations
A & by FP32 .
& 1.50 ~
22 ‘© ® hd e e A
(o) 1.00
A 5 .
& o.50 A A\ = o
-40~-45% Time by FP32
V-(/W¢)+f=0 0.00 . y
Intel Xeon BDW 1.E+00 1.E+01 1.E+02 1.E+03 1.E+05 1.E+06
1 Node: 18 cores x 2 soc’s Ratio of 4,/ 4,
[KN et al. 2018]

Ratio of FP32(SP)/FP64(DP) : CRS
Iterations@ & TimeA for ICCG;,,

A/2,, 128° DOF, CRS @lterations ATime /i\
Ratio<1 = FP32 is faster | 2% / /
o
ﬁ 200 |— +20% iterations /
A S by FP32 <°/
& 1.50 o
L 5 ¢ e e e ~x
(o) 1.00
A = <
& o.50 A A A - \~
-40~-45% Time by FP32
V°(ﬂ’v¢)+f:0 0.00 . y
Intel Xeon BDW 1.E+00 1.E+01 1.E+02 1.E+03 1.E+05  1.E+06
1 Node: 18 cores x 2 soc’s Ratio of 4,/ 4,

= [KN et al. 2018]
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Power Consumption (W)

91

Results on Intel Xeon BDW A =4, [Sakamoto et al. 2020]
N=1283, M: CPU, ": Memory, @:Time

300.00 r '/

200.00 [

10000 Power:

100.00

0.00

1 1.60

51 0.80

10603 ,
220000 F
4 0404

180 700.00

1 1.40

> [
2 [
1 1.00Z 400.00 |

onsum

]

1 000 10000 |

0.00 0.00 L

| FP64 o
Double

600.00 [

500.00 [
{1205 —

300.00 |

Energy: Joule |

1.80
4 1.60
1 1.40

1 1.20

4 1.00

1 0.80

sec.

1 0.60

4 0.40

4 0.20

0.00

FP64 |
Double

K- ZEREREDER

X BEEGHERE) CIRERIENER

92

, fmERGLE

— ILFE D Approximate Computing(ZBi 9 ML T, FBERIEIZETIL D A->71=Hlld7%

LV:ETETENIROK
s CNETOHORERIMMEITEEL

=1/

TE1T

CJIPSE

— BRATH-HIT R D BEDTEL N KD RO D

- —RRICEERLEICEIRBOREDOHERZET D

« AR TEIEIRERLEFECHR &ITH, HITH)

— =R B - B ITRIG

- B F1—=U 7 IR HREREERER
- REFICKOBRFFIAEE %-KX%H 2001)]
— MATHIRIF (RED BT, £IFFAMIHAOLUT, EEFEDORERHIE)

— WERNLCFR R CTRERIEN ARG EFHERESN=A, BEXHGHERITICIVER
BFEEDDLEQ01BEE)=>LVBERLGFEDRFE (20195 E)
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s

D BRILIC L > CRLI By KR Arb 2R, BHALE
EREE LT 2

@ #—KFER gy=e (e 1T RTOEHREN 1 O b)) &fif
<. BLIEERE LT B

® @0 %A TIREFTHN A D M ATHIMED L EAT 5

@ FhEr=b— AR FAEERINT & CHE L, BEOELUES 7,
A e, & T 5.

(6 @yr—whBEXg=F efx, FLME2ET 5. |

® LIFOBEEFMROADICSNT, EB/INIAEE DAL E—
NOZET 2 E 6 Lads 6, s LRE R 5 (i 2

U

DY 0 T o T EREIRIERID ¢ |y gy PLP-AG+2),

L

o EII—RXAEKXEIEZLNTLS(DP3D), @, @)
e DEQILFEBFIZERLTENTHE, BEQD A HIEULE

« D, QFEIBFIZEELZEIZKY, STERFMERERTRE, -, ERNIMNLEERE
[CE2THFYYabevhrEEFEHAHIELAEE

93

FIREEF%[(Ogita & KN 2019]1(1/2)

,<&(=1077)
Ay=e,|e—Ay|_ <&(=107)
Az =7, |7 A, <&(=107)

94

BRI F%(0gita & KN 2019](2/2)

* ICCGEDREDFILEH

— ICCGEDRERIHHESNDIENTDERENIMLZEER

Ax =D,

L <&(=1077)

Ay =e, e—Aj/Hw <£,(=107)

Az

[l
\_\b

« RRHEXRELR-BxERE/ILL

X, —

max
1<i<n

X, 2

1
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= ﬁ ¥ i . — — —
AT &I (FFEE) :NX=NY=NZ=128
1.E+00 p
—e—Improved error bound g SRR | AL
ﬂ‘l 1.E-02 H—m—Maximum relative error New error bound
22 —4A- Relative residual norm
1.E-04

/1] 1.E-06 /

_ 1.E-08
v (ﬂ’v¢) +/=0 better 104 - Residual norm

1.E-10

';’:;’f/ Ib — A%||,
1.E-12 ”bllz

1.E+0 1.E+1 1.E+2 1.E+3 1.E+4 1.E+5 1.E+6
lambda1 / lambda2

Computed error bounds are significantly improved!

[Ogita & KN 2019]

A xtE5 2= L B (Relative Error Bound, REB) s E 5%
#= /)L L (Residual Norm, RN)[KN HPC188, 2023]
REB~RN, REB~1: F1Ef#, D:FP64, S:FP32, M:;E& R E (RILEDHS)

Case-1 M Case-2 .
A ni

=1090-106 = 11010
d Ay =100-10 7 drd Ay =101-10
¢ E
1.E+01 | 1.00 ® 1.E+01 b ° ®
_— — [ ]
. e * [~ Dres 100, o °
1.E-03 ° ¢ L — S-REB 1.E-03
E03 F _ .E-03 |
3 S |[\)/| ';N . — D-REB — S-REB
8 ° S-RN 5 A D-RN O M-RN @ S-RN
1E07 | w } 1E07 |
n @ =
&
&
—— Case-1a-D: Rel. Err.Bound 7y -
1.E-11 gm @ w —— Case-1a-S: Rel. Er.Bound 1E-11 & 7(;:22:12:222:;1:23::
L Case»1a-D:. Res@lu | Nom 0O Case-1b-D: Residual Norm
0 Case»ﬂa-M.Res.ldual Norm A Case-1b-M: Residual Norm
Case-1a-S: Residual Norm ® Case-1b-S: Residual Norm
1.E-15 - - - - 1.E-15 - - . s
1.00E+00 1.00E+02 1.00E+04 1.00E+06 1.00E+08 1.00E+10 1.00E+00 1.00E+02 1.00E+04 1.00E+06 1.00E+08 1.00E+10
Dmax/Dmin Dmax/Dmin
W = . H
FEEE{REL : [Ogita & KN 2019] o5
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=B % (Residual Replacement, RR)
[Ghysels et al. 2014], [Yamazaki et al. 2022]

y CG;ﬁ‘j:’ ’xi‘/‘]:xi—i_aipi ’ ri+1:ri_ aﬂpl” & 1: ry:= b-Axy; uy:= M_lroi Po:= Ug

WSRTHE (), BE()EBHT 518, /8 2 for 10 do
ATSAVBRFEELTIE, MELIHEREDS :: 0= (ryu)/(s,,p)
BEZITOT 6i s r-oen

- Ffo, RO DEFEDBEFBEICEEL o bl i/ eu
N8, EDERE (r=>b-Ax) EBFHEE 3, P e b

(r) DENKELLS.
« HREBEERRIE, TEHMICEHZREZEDERE (=>b-Ax) EEEBRZ S,
« [Ghesels et al. 20141 TlE, EEEEEDHZETEH, I\MTSAVBFED
ZEALD-OICEHWICKEEBRZEALTLSD, KAAETIXEBEE
H(EEHRE BEEE)DHEEREZMEIET S0/, EHEEEREICLIZEER
FEL TS, [KN HPC-199, 2025]

Residual Replacement for Original PCG (Alg.1)
T EREER

Compute r(®= b-[A]x(® Compute r(®= b-[A]x(®; y=0
for i= 1, 2, .. for i= 1, 2, ..
solve [M]zG-D= p@-1) solve [M]z(i-V= p@-1)
Py = ril gD py = ri-l gl
if i=1 3.5 =t
pM= z(© pL= Z(©
else else
Bi-,1= Pi1/Pi-z Bi-;: Pi-1/Pi-2
pil= zG1) 4 B pti-v pil= z(1 L B, pli-D
endif endif
q(i): [A]p() q(i): [A]p(i)
o, = p;,/pPg® o, = py./pPg®
xW = xG1 4 g p) xW= xED g p
ri= @E-1) _ aiq(l) ri = p@E-1) _ aiq(l)
check convergence |r| if time to replace
end y=y + x
r= b - Ay
xd) =0
endif
check convergence |r]
end

[KN HPC-199, 2025] x= x(d 4 y
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& 18 th B i% (Iterative Refinement, IR)

[Higham 2022] Target Linear Equation
Ax=b (Double Precision)

° ﬁ/’zfd:ﬁ*gitﬁ25£(:1§ﬁqé dg=b - Ax,, py= |||
N3, B E R A Goef, Matrix n Single

TlL, EREERICEDR l
BE—EHERLRIS,

= Nl ey - Inner-Loop Solver b
'_Ej*ﬁg Eﬁfﬁ%%j&ﬂiﬁﬁg‘“ Lower FE)recision g . New RHS of Inner Loop
E-|-§Ln *&)é&%ﬂ%EE Solve A’z=dyp, dyp,
= 03 = A
GREAREX)ZHIRTT 5, lterative Refinement
_ Jrem . friErr X1 =Xt pi% NOT
7 i ) 1':' 15 diy=b - Axpp Pr= ||yl Converged
- BT HRE i
d
Convergent Solution Converge Checking
(Double Precision) x 014 1<E, 1100l D]
[KN HPC-199, 2025] CG Solver by lterative Refinement

100

Case-1: 51 EE=NHl R & [E % (Alg.1-DTIEFR L)
Alg.1-S-IR, Alg.1-S-IR-RR:D,,,/D,;, =104 Tk Z, D, ,,/D,,=106TIEE T
Alg.1-M, Alg.1-M-RRIFZZH 5T

1.50

L[ o Alg.1-D ——Alg.1-S
| o Alg.1-M A Alg.1-M-RR ¢p=0@z= Z max
- |- &-Alg.1-S-IR  -+-Alg.1-S-IR-RR 1

105 g g A A

1.00 Q-

0.75

Normalized Amount of Computation

'V.(AV@)=—RHS

0'50 1 1111l 1 11 11l 1 1111l 1 111l 1 1111l 1 111111
1.0.E+00 1.0.E+01 1.0.E+02 1.0.E+03 1.0.E+04 1.0.E+05 1.0.E+06
Dmax/Dmin
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Low/Mixed Precision Computing

« AEVYRE, SHERME, IRIILF—HEZHIBTES
- EXHMBEIZHITSHFEE (Accuracry)
- EREEE (FP64)ZELHEIIHZ{H SN, FPo4EREILEaF0- - -

1.E+01 E
° ° e
1.00 o ¢ °
: [
1.E-03
Re]
T
o
1.E-07 i
I
m @ #
1.E-11 W —— Case-1b-D: Rel.Err.Bound
= —— Case-1b-S: Rel.Err.Bound
O Case-1b-D: Residual Norm
A Case-1b-M: Residual Norm
® Case-1b-S: Residual Norm
1.E-15 : : : :
1.00E+00 1.00E+02 1.00E+04 1.00E+06 1.00E+08 1.00E+10

Dmax/Dmin
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Ozaki Scheme by Emulation (Ozaki-l, Ozaki-Il)

|
- BIBR¥—L(Ozaki-l) - HFEETS -4 ¥
sezErEagerEALcER UV 5o e B

— EHOREETIEESEEMELRE [ [x© ]
HENHED, BREDGEL (T ([TEBH T A ] Q%
INSL) B E #ER %135 (DGEMM) A]>{ & _ —> \
. DB TOFNEEROBMATICHE, = spit| e
NENEERBE TREARLHECRDD ] [
. % INT8 Tensor Core CER A 1THIDIEE C EMRASARAD DL+ RERE R +
© B BONIHATEFPE4LL TMEHL, gﬁ%i*ﬁk;u, B BRSNS

RIENLTESRERZREEE
_BBRE—AlL EEREECET - EETEHPEEREEFAV-RER

B tirwii . (Ozaki-Il) (B&HHBICHRE), GPU
1.%*5{;21—”% RRESCHTEN  ewtien. eROLRRLLTEE

- BT EREFADHERN SR DEE
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Ozaki Scheme on GH200
[Ozaki, Uchino, Imamura 2025] https://arxiv.org/pdf/2504.08009

Table 1. Specifications in TFLOPS/TOPS of GPUs (NVIDIA  Table 3. Throughput in TFLOPS on NVIDIA GH200 Grace
Corporation 2024) for dense data Hopper Superchip

Ampere ADA Blackwel Methods \ Matrix size 4096

A100 SXM4 RTX 4090 B200  DGEMM (cuBLAS) 613

GA100  ADI102-300 OS II-fast-14 48.6

FPo4 0.7 1.29 40 OS Il-fast-15 45.2

FP64 TC  19.5 — gy (Rl 43.2

FP32 19.5 82.6 67 80 o8 e =

TF32TC 156 82.6 494 100 H:afctl'l_ . o

AT 33 M m Em s

. . - OS Il-accu-16 38.5

INT§ TC 624 660.6 1979 4500 oS ILaccu.17 364

FP8 TC - 660.6 I7Y 4500 QS I-accu-18 34.7

FpP6 TC = = = 4500 ozIMMU_EF-8 25.6

INT4 TC - 1321.2 = -

FP4 TC - = . 9000

104

Ozaki Scheme on RTX4090
[Ozaki, Uchino, Imamura 2025] https://arxiv.org/pdf/2504.08009

Table 1. Specifications in TFLOPS/TOPS of GPUs (NVIDIA Table 4. Throughput in TFLOPS on NVIDIA RTX 4090

Corporation 2024) for dense data Methods \ Matrix size 1096 8192
Ampere Hopper ~ Blackwell DGEMM (cuBLAS) 0.62 0.62
A100 SXM4A RTX 4090 JH200 SXMS B200 OS Il-fast-14 6.94 98I

GA100 JADI102-300 0S T-fast-15 655 9.20
FP64 9.7 34 20 08 I1-fast-16 632 476
FP64 TC 195 = 67 40 0S II-fast-17 590 8.29
FP32 19.5 82 6 67 80 OS II-fast-18 556 7.83
TF32 TC 156 82.6 494 1100 OS Il-accu-14 6.51 9.23
BFI6TC 312 165.2 989 2250 05 Il-accu-15 6.04  8.68
FP16 TC 312 165.2 989 2250 82 gzzzig 2-33 3;—?
INTS TC 624 1979 4500 08 [ s o
s T - B e ozIMMU_EF-8 476 584
FP6 TC = @ = 4500
INT4 TC - 1321.2 -

FP4 TC - = - 9000
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HAIRDESCIZ& T4 FvL o

EERE-BRBEEE T3aL—ay
LLMZ 5| AL 1=GPU#%#&

R—A27T )L (Portable) 7 A5 535 IR1E
CPU/GPU®M 3h B8 175 F| FB

106

AlIET25EIZ], TRTLAGLIBLGE-> TNV S -+
HAIRDESCIZHE WL THAIDFEBAYE A% EHE

The Al Scientic t Paper

{7 1dea Generation {88 epedment erstion S Paper Wite-Up
o UM Gearriar } Experiment | - ) : \
\SEmoveden \Siarriote et ) e

- J \ —
| el =
Sem. Schol LLM & akdter Copoase x| ——
" L ) - Sl T
: l l [ Mamuscripe
Eh scoing/ || [(Experiment | [ merical | *s et
wctiving | \kr.c's-:y:'_, Lmi\r-.au. J ‘\ Raviewing

00p.

The Al Scientist: Towards llll\ Automated
Open-Ended Scmmfc l) very

The paper shows an initial attempt to close the

Results show some important weaknesses:
* Hallucination of Experimental Details
*  What about hallucination in the overall process?
* Positive Interpretation of Results.
= Can misguide the whole workflow
* Produce incremental improvements rather than new

e
directions/ideas = ‘
. LSSV B Dr. Rick Stevens (ANL)
ScalAH25 WS@SC25
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{th, 2025]

lpLp=-
V1

LLMIZ &LAGPUHE[ 2]

* Claude Code
— Anthropicttigfit, 2—3F )L L TEIMET HAIT—D 2 EIO—
TAVTXEY—IL
— CLI@vyRSAoA3—TJ1—R) Do BREETIER, O—F
LEa—-{BIE-TAMGitig 2 EEXBEHE
o A—RR—X2KRZEE, ERT74ILNIEL BEMIZHIE-E1T
o A—H—QBRARMHFALZLICITEFEZITOEWNE S %G
« CLAUDE.md77/ILEEL, 0Dz VNERDERELHEHEZLIESEDHIEATEE

 GeoFEM/Cube [KN SC’03] S
- WHIHREREICE DS RTBEHETI—F (ERNE) .., |
* Block-Jacobi-Type Localized SGS Preconditioned CG Solvers .
* Fortarn90 + MPI + OpenMP
— Target Functions o el o
+ CG Solvers: General - y
+ Matrix Assembly: Problem Specific U0 @22y, /‘N‘ﬂ,’féil’:“‘s

Claude CodelC & 3GeoFEM GPU{EL (OpenACC) 25+t Hecaor, 2025]

. TAI4E AR IEGPUlL S g N =,
B Matrix Assembly MD. OpenACCZTIEA LT S=FER. TR HoT=
B CG Solver , OpenMPMVEMRINTLEST=,
5 X #RLLTCPU 1TT7EIT,
£ / GPUTE( TSN TLT, BRELELLA. R T
Ie MEYZERE SN TULVEL=6HELY,
L CGYIL/NEEL, 17514 B R
DEREEHEYSIEL
5 THEBYT . CPUKYIELY,
o . H B
A8 N Al Al Al Al Al
OpenMP OpenACC OpenACC%E  &#EKLIC CESLIT COITAER  «ESBIC
Grace 7237 GB200 fE>TGPU H<E & BEEL  BREREELE EKE&K
S Miyabi 1/—F TEEIE®L  GB200 GB200 GB200 GB200
MBS (R 128 R0 TEBICHCE £ IDIE RO RIHER
BAT-DF—=F1)2T RCM 108
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Claude CodelC & 3GeoFEM GPU{EL (OpenACC) 25+t Hecaor, 2025]

; {THIE A ERIZGPUILE NI o,
B Matrix Assembly MD. OpenACCEIFER EE-T-FER. TR HoI:
i | OpenMPAYEREINTLEST=.

B CG Solver —
20 HRELTCPU 1OT7ETT,

/ GPUTEITINTWWT HERELELLA, B RF

15
I MBI FE SN TULEL=HELY,
10 . . CGYILINEELN, 1THI & BED

F 1T (sec)

DEELEHEY>ELS
o AIXICGT7ILT) R LEEEFIEEICKCERELTLVSAH, Mat-AssemblyEp
oI RIREIC4RE
o AINNEEE (FEIEEREE) LOT LK, TTDOCPUI—FDEEFZTXT
DIHENHD
« HAHWVE, AINSHICEGHI1EFEZFDOELOEREEH S (Rick Stevens
MDFEEQ@SC25)

|I:'.|JI /7] Pl AR A\ 1 |
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HAIRDESCIZ& T4 FvL 2o

EERE-EBRBEEE T3al—ay
LLMZF|FAL-GPU%4E

R—A7T )L (Portable) 7045 S35 IR1E
« CPU/GPUMDZhE 8975 F| FB
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R—BTIVETAT ST IREE
Z 7L GPUIREE
— NVIDIA, AMD, Intel E[ kokkos

— [7R—%E1)F 4 (Portability, BI#E4) 1 (X EE4ERE
. EBBAICRRAEEL =y HPSF

. BX:AMD, NVIDIA, B : IZIZENVIDIA RS T, FLEK) E—NETTY :orver rounoarion
Kokkos

— B4 5HWHR (CPU, GPU) MPerformance PortabilityZigit 357045 5305 1515,
US-DOEM 7B x4k (Exascale Computing Project, ESC) THIH
o C++Mmt
* https://kokkos.org/
« HPSF (High Performance Software Foundation)
— The LINUX Foundation Projects® —2>=SPACKé&KokkosZE D HR—

— HKIF2025F3ARMA (AR TIIMIZIEHA A /3—)
* https://hpsf.io/

Performance of Linpack (TFLOPS)  http://www.top500.0rg/ ' 2
65th TOP500 List (June, 2025) Rm;xk Peak Performance (TFLOPS), Power: kW
I ™ ="y gy =W W P I

q HPE Cray EX255a, AMD 4th Gen EPYC 24C 1.8GHz, AMD Instinct MI300A, 1,742.00 2,746.38
1 El Capitan, 2024, USA DOE/NNSA/LLNL Siingshot11, TOSS 11,039,616 (=1.742 EF) 63.4 % 58.99 29,581
Frontier, 2021, USA DOE/SC/Oak Ridge HPE Cray EX235a, AMD Optimized 31 Gen. EPYC 64C 2GHz, AMD Instinct 2,055.72
e e s
National Laboratory MI250X, Slingshot-11 N 1.353.00 65.8 % St 2{E
3 Aurora, 2023, USA DOE/SC/Argonne National ~HPE Cray EX - Intel Exascale Compute Blade, Xeon CPU Max 9470 52C 2.4GHz, 9,264,128 1,012.00 1,223(1.(1/1 26.15 38,608

Laboratory Intel Data Center GPU Max, Slingshot-11, Intel

A HPE Cray EX235a, AMD Optimized 3rd Generation EPYC 64C 2GHz, AMD 606.97
6 HPC 6, 2024, Italy Eni S.p.A. Instinot MI250X, Slingshot-11, RHEL 8.9 3,143,520 477.90 66.3 % 56.48 8,461
7 Fugaku, 2020, Japan R-CCS, RIKEN Fujitsu PRIMEHPC FX1000, Fujitsu A64FX 48C 2.2GHz, Tofu-D 7,630,848 442.01 gg 220/1 14.78 29,899
8 QI eane SwsNatSC B U PG A
et 2 -
9 LUMI, 2023, Finland EuroHPC/CSC HPE Cray EX235a, AMD Optimized 3¢ Gen. EPYC 64C 2GHz, AVD Instinct 2.752.704 37970 531.501 o 7107
MI250X, Slingshot-11 71.4 %

10 Laonard, 2025, ey EworPC/Cineca - USRI IR SRS SOROSSINOANS wmmaren 24120 g e e

WAMD, BNVIDIA, Intel, mGPU#EL (E&)

- AMD-NVDIA(Z#EH
—REICAMDIF R 2 HMTET E M T, NVIDIAIZAIRITEE Hh THET-
- EDRRBIZIFAINEE

. HIP(Heterogeneous -compute Interface for Portability) : AMD
— AMD, NVIDIAR](+#@IR1E : CUDAR—RIED TS UEDE R L TLVEL
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History of NVIDIA’s GPU

Memo Az A Tench:r3 ?Jore T':\;g/r':g;?e
Memory Y | (GFLOPS) | (GFLOPS) TDP
Bandwidth : : (GFLOPS) | (GFLOPS)
(GB) | (GBisec) | B4bit P 32bit 16bit et
Double Single Single Half
16

P100 720 4,700 9,300 - 18,700 250
V100 32 1,134 8,200 16,400 - 130,000 300
A100 40 1,555 9,700 19,500 156,000 312,000 400
H100 80 3,352 33,500 66,900 989,000 1,979,000 700
GC?PZSO 96 4,022 33,500 66,900 989,000 1,979,000 (in::?.,%OI:E)U)
B200 192 8,000 40,000 80,000 2,250,000 4,500,000 1,200

* Tensor Core: Special HW for Computing of Small Matrices in Al

« Shifting to Al, Saturated Performance of FP64, FP4/FP8/INT8 with
Tensor Core are introduced in B200

114

Solomon [Miki et al. 2024] (1/2)
Unified Interfaces for Directive-based GPU Offloading

« OpenACCLOpenMPDIERX & E LTz, BELMEERIIRZ 1T 3
— ANYF—DHIZKBERih
— OpenACC (NVIDIA) £OpenMP (AMD) D #1THA R 5

Before
#ifdef OFFLOAD_BY_OPENACC

° E*Réhf::\// \°’r)b757‘(:F§C—C, #pragma acc ker‘ne}s vector_length(NTHREADS)
Vgnéiﬁﬂjf;OpenACCif:[i #pragma acc loop independent

#endif

OpenMPO)?E’ﬁtj{[: BEIZEFH #ifdef OFFLOAD BY OPENMP_TARGET

#pragma omp target teams distribute parallel

— -DOFFLOAD_BY_OPENACC for simd thread_limit(NTHREADS)

tendif

— -DOFFLOAD_BY_OPENMP_TARGET | i

« BALGAVNASFIITE
ey iu by kS WN S [ B =t -y \ DA @l WYAWN O 1 0D (AS_TNDEPENDENT, NUM_THREADS (NTHREADS))
AILT BT for (int32. t i = @; i < N; i++) { -
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Solomon [Miki et al. 2024] (2/2)

Unified Interfaces for Directive-based GPU Offloading

{c) AMD Instinct MI210

* N ﬁi EIRE Y wA JIZEWNT o RS [OROR TR
. CUDA/HIP/SYCLT
GPUt-Fai—=2%L

R
o

=m omp (loop) - -
—o- omp (distribute) =
kernels) =
-

—& acc (parall |)

b

Number of interactions per second

EF?:.:"': B e —— o= Eee——

omp. (Ioon) =+ —=- omp (loop)

e SYCL (acp

~e omp (distribute

)

p. packed FP32) e SYCL (icpx)

£LO060-80%DM 1]
% Iﬁ: ”,; ‘11“‘1 ) { — > =7l f
— £FEGPUIZHVTIERE T
TS T i

J 70 g

A —T2Y—X, Free |
J| NVIDIA H100 SXM

atio to the dedicated imp{em_ ntat

R

NviDIA GH200 [

o BKIZC/C++DH Rt
— FortanhrR 2% & (HAIRDESC D ;E &) HPSF 4 k k k
o J3EBMIZIEKokkos, HPSFADER e o = O oS
Target, Method etc. Language
FrontISTR (U.Tokyo) Solid Mechanics, FEM Fortran
: i FrontFlow/blue (FFB) (U.Tokyo) CFD, FEM Fortran
Engineering
(5) FrontFlow/red (AFFr) (Advanced Soft) CFD, FVM Fortran
FFX (U.Tokyo) CFD, Lattice Boltzmann Method (LBM) Fortran
CUBE (Kobe U./RIKEN) CFD, Hierarchical Cartesian Grid Fortran
_ _ ABINIT-MP (Rikkyo U.) Drug Discovery etc., FMO Fortran
B'Op(?)’s'cs UT-Heart (UT Heart, U.Tokyo) Heart Simulation, FEM etc. Fortran, C
Lynx (Simula, U.Tokyo) Cardiac Electrophysiology, FVM C
_ MUTSU/iHallMHD3D (NIFS) Turbulent MHD, FFT Fortran
Phés)'cs Nucl_TDDFT (Tokyo Tech) Nuclear Physics, Time Dependent DFT Fortran
Athena++ (Tohoku U. etc.) Astrophysics/MHD, FVM/AMR C++
Climate/ SCALE (RIKEN) Climate/Weather, FVM Fortran
Weather/ NICAM (U.Tokyo, RIKEN, NIES) Global Climate, FVM Fortran
Ocean MIROC-GCM (AORI/U.Tokyo) Atmospheric Science, FFT etc. Fortran77
(4) Kinaco (AORI/U.Tokyo) Ocean Science, FDM Fortran
OpenSWPC (ERI/U.Tokyo) Earthquake Wave Propagation, FDM Fortran

Earthquake SPECFEMB3D (Kyoto U.)
(4) hbi_hacapk (JAMSTEC, U.Tokyo)  Earthquake Simulatio

Earthquake Simulations, Spectral FEM

ns, H-Matrix

Fortran

Fortran
sse_3d (NIED) Earthquake Science, BEM (CUDA Fortran) Fortran
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SROTOTIEVTRIE

« FortranH oD AR E]
— FxA (FBIEENT=)Fortranar /M S #EEL TR I 0 M 2
— SERITETS, ELVSDIE—DDAM
o GPU{LLLLEL THEICERIA MM D
s BHN0FHAUDBHEET S . EUHATHADIDELDHENRTE
— Kokkos, SolomonZE ®;E M :FortranDF iz &L
s BROEKBICKIBEBMLEISVINE
o HEMITOOTHLIDZEFHFOTULVD, ELVIDIFIZHLAELY
— Solomon®Fortran[@] 17 5&, Kokkos~MD#E A A A
— LLM®D;FE A

» Sekender et al., Finding Equivalent OpenMP Fortran and C/C++ Snippets using Large
Language Models, ACM Proceeding of IWOMP 2024

— https://dl.acm.org/doi/abs/10.1007/978-3-031-72567-8 10
o [$RRIGGPUIZHIGT DRH&ERET T H&JEFortrantDfFEEWNVEERE
ERNEMESESGES

HAIRDESCIZ& T4 FvL 2o

- EERE-BERBEEE, IZaL—3v
s LLMZFIRAL=-GPU%%4&

« IR—AJ )L (Portable) 57 A5 53 IR1E
- CPU/GPUD % B #I75F|
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NVLink-C2C on GH200

« Grace-HoppertBE ED A E ) ERZEES
BEA], NUMARSZEHRL

« CPU-GPUR:aE—L b 2T71—X(
NVLink-C2C, 450GB/sec/dir)
— PCle Gen 5M7{& L1 £ D18
— CPU-GPU®DZhHE I {FEL V5 1T AT RE
— PERIFEREDRFIL R YD
- JOUSIVTLAES
« AMD MI300AEtECARTE
- INRIERRE, GPUL R R ELETEZXCPU
MEERIZANIET HEEAEE
— Bl ZERFIE
o HMLEFLANILEGPU
s HLMEFLARLECPU coarse

NVLink Network
256 GPUs

120

CPU-GPUf#H (1/2)

- CPU

— GPUMD KRR

— GPULZRFELEE

s D%, BHEE D, B
« {5 : Adaptive Mesh Refinement(AMR)

. 1IE5|EliCPU@GPUF‘eﬁ@T—QEEJ_?&\/‘I'\HL*‘JO’C%OT_# NVIDIA

GH200 Gzt &S TLY5, NVLINk-C2CIZ &> TEIMIZZhE{L
« WLF—#&, GPUILEDRERI—FIZHITEHRRXNCPUa7DENER, 1§

HRANEZL I ERE2025-HPC-198-42, 2025

— Miyabi-G (Grace-Hopper)
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GPUtEn-[ERIA—FDHRARCPUDFEZIFI A

[ Lz 2025] (1/2)

« SP-MIROC on Miyabi with

NVIDIA GH200

— MIROC: low-cost global component
using only 2 cores of host CPU

— SCALE-RM: expensive detailed

regional weather model on GPU

« Embarrassingly Parallel Computation
— 69 cores on Grace CPU are unused

* Motivation

— Utilization of 64 cores of Grace for
SCALE-CPU, which co-works with
SCALE-RM

[ GHooo |
[
Hopper s SCALE-GPU
IGF’U 2048 domains 1600 domains
A
Coupling
| SCALE-GPU host 1 core | |
Inter-
@ MIROC 2cores € node (>
Grace I Coupling comm.
cry =] SCALE-CPU 64 cores
B 448 domains
Unused 68-ceres 5 cores

— GPU: 1,600 domains, CPU: 448
domains, well-balanced.

122

GPUtEN-[ERIA—FDHRAFCPUDEZIFI A

[LLiE 2025] (2/2)

« Max. 25% Speed-up by SCALE-CPU

— GPU:CPU for FP64 performance is 22:1,
while ratio of memory bandwidth is 8:1

— allowing Grace CPUs to contribute
substantially to the total performance.

« Total energy consumption of the
GH200 module increased by 5~10 %

— because energy efficiency of Grace GPU
is lower than Hopper CPU.

- 63 -

Speedup Ratio

125+
1.20 1
L5y

1 é 4'1 I8 llﬁ 3I2 64
Without SCALE-CPU With SCALE-CPU

o B
® o N

3

[

k=)

e ‘

3 Hopper!GRU!
0.6

S Hopper/GRU|

>

&> 0.4

w 0.2 . (Grace[CRU)

(Grace[CRU}

1 2 4 8 163264 1 2 4 8 16 32 64
Number of nodes Number of nodes
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NVLink Fusion

NVLinkD %2 B, NVIDIALLSE D wonges o
CPUICHEFHTA[gE: E1&, Intel

NVLink & NVLink Fusion Topologies

NVLink C2C NVLink C2C

NVIDIA Blackwell
(GPU)

NVIDIA Blackwell
(GPU)

NVLink C2C?

NVLlink 5 NVLink 5 NVLlink 5

FUﬁ)TSU | <A NVIDIA

s -;__'i 3

o - NVLink NVLink

‘ ] Network Network
. "/
) ;J
| -

Pure NVIDIA

Grace + Custom GPU

Custom CPU + Blackwell

NVLink C2C
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CPU-GPUf#H (2/2)

[EENEXT I THNVLINk-C2C/Fusion®D B A NERFF SN S
« GPU-CPUMDMERELE
— GH200

HE (FP64) 22:1, A*E1)/\UKRIE 8:1
— BENEXT

FTE (FP64) - AE /N g2 100:1
2 ENEXTTI&, Memory-Bound/iitHE T4, GPUTERELTUL\SETED
—EZ#CPUICHE LI E1-ELTEH, FEIT EASALY

CPU-GPU%E/SA TSAV IR DESE o m
HEAHEY

idling exchang

idling -, exchange
AI(NICE)
- EI*E{E, ?_QMIE’ I/O | trai;ling | cou'pling | trai‘ning | couybling |
- THE-E ), THE-HRIOPE - HRHE -.

CPU (Monaka-X) A%#8 &4
— Elapsed? 4 L, TCPU=GPU&%B<510N

JA
WAV,
AVAVA'

INJ
VAVAY.
VAVAVAN
N
A'#

VAVAY,
N
XK

%
5

VAV

AVAWA'

1

- 64 -

124




SC25 Gordon Bell Climate Award

Atmosphere-Ocean-Land Coupling on NVIDIA GH200 CPU/GPU of the
JUPITER System@JSC GH200

Hopper

DaCe; i OpenACC

Computing the full Earth System at »
1 km resolution ' : ]
5C’25, St. Louis 19.11.2025 Iy - chw}‘ﬁ:':l i 7 CUDA graphs

I' Grace

« [5t&-7T—4-F&E (S+D+L) IFt &
—Wistereia/BDEC-01
— Miyabi
—h3-Open-BDEC
—JHPC-quantum
« [EENEXTIIZHITETTVr— a2 erngs3vy
« FEH
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FED

- T5tEH-7—4-%F |5t 4 (Wisteria/BDEC-01, Miyabi, h3-Open-BDEC)
e« QC-HPC/\/(TJ1)wk
- EENEXT
— [S+D+L1Ft& =Al for Science
* h3-Open-BDEC
- £KAIDFER, KPEII2L—23VIckbEE
— QC-HPC/\AT1)yk
— GPU1E
« CPU-GPU#tF
« BEEEEICLAFP64IIaL— 3y, Ozaki Scheme
o ZRHEGPUANDXIE, D TOT ST RS
— HPSF, Kokkos, Solomon
— BiFortran: 10 D&, REMWBEDLETEDIVLELNHD
— ARAI-LLMSEF

P Osaka International Convention Center

SCA/HPCAsia 2026 SCA:sia

Everything with HPC - Al, Cloud, QC and Future Society Supercompu t| ngAsia

=mm January 26-29, 2026

Gathering the Best fHPCmAs@

(Osaka, Japan)

e 2026¢1OFJ 26H~298, KixE
ReZB (Vo0 1—7)

Koot ks . EEABREY]1 A5H (NEW)
o, HEutensr i

Keisuke Fujii Unw. of Osaka 50’000Fq ~60,000Fq &’ ;Egg L

P06 0O iy
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SEOEL=ZF—FE

MtEns0R2FECIS TS
S=Zalb—>3>oiEREEE]
| 2026518238 (&) RFHRERIERE S
14:00~15:30 FATER  MERESHMEET O IL—F
DI—TIR—>v— Al =6 4%

(i

ZRICR -S=aL—23> - EEF—2026DEEEETRTY .
FOHE<IEEL.
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