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Odyssey
Fujitsu/Arm A64FX
25.9PF, 7.8 PB/s

Shared File : Fast File
System Data/Learning System

(SFS) Nodes: Aquarius (FFS)
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Hierarchical, Hybrid, Heterogeneous (h3)

2fE5D /— R
- 2alb—33y/—FE (S, SIM) :Odyssey
e HEFEDR/NAY
e Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF
— 7,680/—K (368,640 A7), 205v4, Tofu-D

- T—45-%F/—F# (D/L, DL) :Aquarius
o TR, BEEE
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Shared File Fast File
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Odyssey
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Fast File

Shared File
System
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Efficiency

h3-Open-VER

rchical, Hybrid, Heterogen

&;f’ ; Big Data & Extreme Computing

h3-Open-AT

Numerical Alg./Library
New Principle for
Computations

Algorithms with High-
Performance, Reliability,

Verification of Accuracy

Automatic Tuning

Y Ok 7 &g
, K= - EHE)

Heterogeneous

Big Data &
Extreme
Computing

h3-Open-BDEC

App. Dev. Framework

Simulation + Data +
Learning

Integration +
Communications+
Utilities

h3-Open-SYS

h3-Open-APP: Simulation
Control & Integration

Application Development

h3-Open-DATA: Data
Data Science

h3-Open-UTIL
Utilities for Large-Scale
Computing
h3-Open-DDA: Learning
Data Driven Approach
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h3-Open-SYS/WaitlO

T—R3ZITELSATS)[(AEE, 2020]
({E5cith, HPC-181, 2021)
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HEEE

v Odyssey~ AquariusflE
O IB-EDR#ZH @S (WaitlO-Socket)
O 774 /)L#EH (WaitlO-File)
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vV A IAA-EZTH LD REH

« API|:C/C++, Fortran™SFEUNH LBl BE
vV MPISA DA 371 —R %2t
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APl of WaitlO: PB (Parallel Block) == Each Application

« Application is able to select communication processes among PBs

WaitiO AP!

Waitio Instance  WAITIO_NPB=3

waitio _isend Non-Blocking Send | o |
waitio_irecv Non-Blocking Receive Parallel Block Parallel Block
.. ) ) : o _ mpiexec... -n 32 ./a.out mpiexec... -n 2 ./a.out

waitio_walit Termination of waitio_isend/irecv I il peI0-

waitio_init Initialization of WaitlO WA MASTER oS | |G

waitio_get_nprocs Process # for each PB (Parallel Block 11 - N
—get.np ( ) Parallel Block N

waitio_create_group Creating communication groups mpiexec...-n8./a.out  pgiD=1

waitio_create_group_wranks among PB'’s

waitio_group_rank Rank ID in the Group

waitio_group_size Size of Each Group

waitio_pb_size Size of the Entire PB

waitio_pb_rank Rank ID of the Entire PB

[Sumimoto et al. 2021]

Copyright 2023, Shinji Sumimoto@The University of Tokyo
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— Fortran¥°C Ttk SN0 5
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e FPFHTFH
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h3-Open-UTIL/MP-
h3-Open-SYS/WaitlO-SocketE#

-5 ‘ ’ - -
202256 A m o BRF A B A o Wisteria
202211 A NS — i1 —F ~F| ARMK ¢~¢ BDEG-01

Odyssey Aquarius
Fortran APP
(NICAM)
h3open modules
Jcup modules
jcup_mpi_lib.f90 jeup_mpi_lib.f90

MPI+WaitlO

Python APP
(PyTorch)

Fortran APP Python APP
(NICAM) (PyTorch)

h3opp.py

h3opp.py

IB-EDR

h3open modules

h3open modules h3open modules

Jcup modules Jcup modules Jcup modules

h3-Open-UTIL/MP

h3 OpenkUTIL/MP
Jcup \

jcup_mpi_lib.f90 jcup_mpi_lib.f90

20214F4 A :MPLB{E FIREFIRIRZ IR 20224E6 A- :Coupler+WaitlO
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Machine Observation
Learning, DDA Data/Learning

U7 NEALT—3EIE+
s ot 3DEEEISaL—a s
Wisteria/BDEC-01 | IDXnetlIZ&kBDUTIVEA LBRT—3EF

=451 1

Data

Nodes, Aquarius

Jlnl

Data Assimilation

Server,

Sensors,
etc.

Originally
developed in
ERI/U.Tokyo

Data Analysis Observation Network for Earthquake: O(10°) Points

" “_n i

«~=  [c/lo Furumura]
o i

.-é'?:,

&5

AT
. % X
s py .:
T N o MO )
() RFEARX , =
BEEEMRBSS T A (400057) I =

7
4

-
e

<

2007/07716 V 2007/07716 3 2007/07)16
- = . y -
> > .
’ £ 'hf m £ 42
CorS = -
‘ 30s -

Real-Time Data/Simulation Assimilation [c/o Prof. T.Furumura
Real-Time Update of Underground Model (ERI/U.Tokyo)]

10s LUS
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r I_.I_ P Residual n: Time Step
A+S_ = | 1t+y=1 l/_ Assim. Co Obs Copp. W: Weighting Matrix

. . - X5 = Xy, + W(yn' Hx;)
ya>J : r Pu re S: yzl Comp. Assim.

l/—:/a > % 5&“ J x£+1 — F.X% F: Wave Propagation

simulation

(A+S) Assimilation+Simulation 2 (Pure S) Pure Simulation/Forecast

07 ()15
- forecasted %,EIJ (B} oF Listep forecasted /

ass:mllated

ass:mllated I_H 4

0 & DFRE

residual from obs
R 3

observation

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

977K/ N1 Msec(7641h =) Data/Learni n_g
Observed Data Nodes: Aquarius

Intel Ice Lake + NVIDIA A1OO[ Y AP e Wl r o)

Originally
developed in
ERI/U.Tokyo

BE 0.5-1MB/sec
4'57220-70KB/sec

7.20 PF, 578.2 TB/s Filtered Comp.

Results WaitlO-Socket Results

Obs. Data 2.0 TB/s B)E14.1MB/sec
4'52126MB/10sec

Simulation Nodes: Seism3D/

External Server

OpenSWPC-DAF

25.9PF, 7.8 PB/s E/Iesh Dati EJG Modeﬂ

Odyssey
Fujitsu/Arm A64FX

for Observed
Data




WaitlO-SocketlZ k581§ [Kasai et al. 2021]
Aquarius: SEND Odyssey: RECV

program dmy_filter WAITIO MPI_IRECYV (NTMAX1 o, 1, WALTIO_MPI_INTEGER,
<HRg: BEES> WAITIO MPI_IRECV (DT o, 1, WAITIO MPI_FLOAT,
1
1

WAITIO COMM_UNIVERSE, ...
WAITIO COMM_UNIWERSE, ...
WAITIO COMM_UNIVERSE, ...
WAITIO COMM_UNIVERSE, ...
WALITIO COMM_UNIVERSE, ...}
WAITIO COMM_UNIVERSE, ...
WALTIO COMM_UNIVERSE, ...
WALTIO COMM_UNIVERSE, ...}

call mpi_init (ierr) WAITIO MPI_IRECY (NST o, , WAITIO MPI_INTEGER,
call mpi_comm_size (MPI_COMM_WORLD, nprocs, ierr) WAITIO_MPI_IRECV (AT o, , WALTIO MPI_FLOAT,
call mpi_comm_rank (MPI_COMM_WORLD, myrank, ierr)

call WAITIO_CREATE_UNIVERSE (WAITIO_COMM UNIVERSE, ierr)

WAITIO MPI_IRECV (T8 o, 1, WAITIO MPI_FLOAT,
WAITIO MPI_IRECV (IS0 X o, NSMAX, WAITIO MPI_INTEGER,
WALTIO_MPI_IRECY (ISO_Y_o, NSMAX, WAITIO_MPI_INTEGER,

if (myrank==0) then
open(100,file="./obsfile_list.txt’, form=‘formatted’, status=‘old’, iostat=ierr)
do i=1,300
<HHB&: obsT —RERAAHLIE>
print *,"Send obs data
call WAITIO MPI_ISEND (NTMAX1_o, WAITIO MPI_INTEGER,
call WAITIO MPI_ISEND (DT_o, WAITIO _MPI_FLOAT,
call WAITIO MPI_ISEND (NST_o, WAITIO_MPI_INTEGER,
call WAITIO MPI_ISEND (AT_o, 9 WAITIO_MPI_FLOAT,
call WAITIO_MPI_ISEND (Te_o, WAITIO_MPI_FLOAT,
call WAITIO MPI_ISEND (ISO_X_o, WAITIO_MPI_INTEGER,
call WAITIO MPI_ISEND (ISO_Y_o, WAITIO_MPI_INTEGER,
call WAITIO_MPI_ISEND (ISO_Z_ o, WAITIO_MPI_INTEGER,
call WAITIO_MPI_ISEND (ISTX_ o, WAITIO_MPI_INTEGER,
call WAITIO_MPI_ISEND (ISTY_o, WAITIO_MPI_INTEGER,

WALITIO MPI_IRECVY (1S5S0 7 o, NSMAX, WAITIO MPI_INTEGER,
WAITIO MPI_IRECV (ISTX_o, NST, WAITIO MPI_INTEGER, WAITIO COMM_UNIVERSE, ...
WALITIO MPI_IRECVY (ISTY_ o, N&T, WAITIO MPI_INTEGER, @, WAITIO COMM_UNIVERSE, ...
WAITIO MPI_IRECY (ISTZ o, NST, WAITIO MPI_INTEGER, @,11,WAITIO_COMM_UNIVERSE, ..
WAITIO MPI_IRECV (STC_o, 6*NST, WAITIO MPI_CHAR, 8,12, WAITIO_COMM_UNIVERSE, ..
WAITIO MPI_IRECY (WxAll obs,NST*NOBS_LEN,WAITIO MPL_FLOAT, 8,13, WALTIO_COMM_UNIVERSE,...)
WALITIO MPI_IRECY (VyAll obs,NST*NOBS_LEN,WAITIO MPI_FLDAT, 8,14 ,WAITIO COMM_UNIVERSE,...)
WALTIO MPL IRECY (VzAll obs,NST*NOBS LEN,WAITIO MPL FLOAT 2,15, WALTLO COMM UNIVERSE

R SR R SR A

=
e

00 00 O ®

WAITIO COMM_UNIVERSE,req(1,1), ierr)
WAITIO COMM_UNIVERSE,req(1,2), ierr)
WAITIO COMM_UNIVERSE,req(1,3), ierr)
WAITIO COMM_UNIVERSE,req(1,4), ierr)
WAITIO_COMM_UNIVERSE,req(1,5), ierr)
WAITIO_COMM_UNIVERSE,req(1,6), ierr)
WAITIO_COMM_UNIVERSE,req(1,7), ierr)

WAITIO_COMM_UNIVERSE,req(1,8), ierr) = =
WAITIO_COMM_UNIVERSE,req(1,9), ierr) "’ WIsterla Output
,2WAITIO_COMM_UNIVERSE,req(1,10),ierr) B“EB'“‘ &
call WAITIO_MPI_ISEND (ISTZ o, WAITIO MPI_INTEGER, 11,WAITIO_COMM_UNIVERSE,req(1,11),ierr) ’ ’ Movie
call WAITIO_MPI_ISEND (STC_ o, 6*NST, WAITIO_MPI_CHAR, 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)
Data/Learning
Nodes: Aquarius Filter Visualizer

call WAITIO MPI_ISEND (VyAll obs,NST*NOBS_LEN,WAITIO MPI_FLOAT, 2,14,WAITIO_COMM_UNIVERSE,req(1,14),ierr)
call WAITIO MPI_ISEND (VzAll obs,NST*NOBS_LEN,WAITIO MPI_FLOAT, 2,15,WAITIO_COMM_UNIVERSE,req(1,15),ierr)

Intel Ice Lake + NVIDIA A10¢
7.20 PF, 578.2 TB/s
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=
® -
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E}
)
E}
E}
E}
E}
E}
E}
E}

call WAITIO MPI_WAITALL (15,req, status, ierr)
call sleep(1)

enddo NS
close (100) 438K/ \’r'\
endif
call WAITIO FINALIZE (ierr)
call mpi_finalize (ierr)
end

2.0 TB/s

Simulation Nodes:
Odyssey

Fujitsu/Arm A64FX
25.9PF, 7.8 PB/s [ Mesh Data | | UG Model |
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- @UF7T)r—23>%Socket, File, Hybrid CLEER
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EIESI AT LAETHEIR
seconds | NJCAM-0 | ADA-0 | NICAM-a | ADA-a
Socket 320.3| 467.9| 293.9| 350.1
File 370.7| 576.6| 247.3| 303.8
Hybrid 306.5| 452.1| 213.1| 268.4
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NICAM+ADA Application Performance
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M Socket ™ File m Hybrid
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