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h3-Open-SYS/WaitlO
T—3ZITELSAT S (RE, 2020]
({¥5Tith, HPC-181, 2021]

HHEEPa—F

2al—3i3>
/—F8, Odyssey

BAlT—4

F—2-$F/—F#
? . Aquarius
~

¢ AFACZFRBE T TORESILK—

METZ7AIVEEEESATS)ELTERE
YaE
v Odyssey~ Aquariusfil ;&

O IB-EDRi#%H & (g (WaitlO-Socket)

O 774 L& (WaitlO-File) e —
v EHD DT — SRS (BT — ) SR * 2T,
v EHRAH-BEHLORY T B
API:C/C++, FortranmiSFEUNH L AT 2 w wanagyon | DI

A—F4UT 8

v MPISA 915437 1—R % 124 e, Ui | JRALTELS

h3-Open-BDEC



23

API of h3-Open-SYS/WaitlO-Socket
PB (Parallel Block): Each Application

WaitlO API Description Waitio Instance ~ WAITIO_NPB=3

waitio_isend Non-Blocking Send
Parallel Block
waitio_irecv Non-Blocking Receive mplexec—=n32 /aout
waitio_ wait Termination of waitio_isend/irecv ”f = . IR~
waitio_init Initialization of WaitlO WATIO ST FORToTY - ————
waitio_get_nprocs Process # for each PB (Parallel Block) [ Parallel Block J
mpiexec... -n 8 ./a.out ID=1
waitio_create_group Creating communication groups
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]
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the buffer, and data sending

I

Coupler procedures
Copy data to the buffer

1. Data-packing
into a buffer

Coupler procedures

time

Draw data from the buffer H

4. Data extraction
= =_ fromthe buffer

3. Data-packing after the
interpolation process

Model procedures

| ——
276 280 284 288 292 286 300 304

I ————
100 120 140 160 180 200 1.3 2.6 3.9

* Also applicable to full coupling,
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h3-Open-SYS/WaitlO-Socket e
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Coa Analysis/ML Model
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F<->P adapter
S EEE e mathte h3o0-UMP h30-U/MP Statistics
simulation data

output - >
Coupling

B-EDR
‘ ¢ Wisteria ' *.* Wisteria
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(Python)




h3-Open-UTIL/MP-
h3- Open-SYS/WaitIO SocketiE

20224+

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

2 h3-Open-BDEC
/// -----------------------

6 A hvio F R

Al f

20224 E [FFS#E B D WaitlO- Fllei'f“ﬁhh 2 X

Fortran APP
(NICAM)

h3open modules

h3-Open-UTIL/MP

Jeup

202144 H :MPI:&

Jeup modules

jcup_mpi_lib.f90

(PyTorch)

h3opp.py

h3open modules

Python APP

Jcup modules

jeup_mpi_lib.f90

S AT RES IR IR 2 Al

\

=

h3-Open-UTIL/MP

" Jcup

2 55

L S ¢

+F Wisteria

¢~ ¢ BDEC-01

Fortran APP
(NICAM)

Python APP
(PyTorch)

h3opp.py

IB-EDR

-

h3open modules
h3open modules

Jcup modules Jcup modules

jeup_mpi_lib.fo0 jeup_mpi_lib.f90

[
MPI+WaitlO

202246 A : Coupler+WaitlO
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#5525 : h3-Open-UTIL/MP- >, 5 Gien-BDEC

h3-Open-SYS/WaitlO-Socket T

* h3-Open-UTIL/MP
— https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/13_202205-Wisteria-2. pdf
— http://nkl.cc.u-tokyo.ac.jp/files/202207UtiIMPfinal.pdf E| ;

« h3-Open-SYS/WaitlO-Socket
— https://www.cc.u-tokyo.ac.jp/public/VOL24/No2/10 202203Wisteria-1.pdf
— https://www.cc.u-tokyo.ac.jp/public/VOL24/No3/12 202205 Wisteria-1.pdf
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Machine Observation

Learning, DDA Data/Learning Data
Nodes, Agquarius

Simulation Nodes

Simulation
_ Codes ﬂ

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

Server,

Storage,

e = o F
Sensors, — - SRS — [c/o Furumura]
etc. . External Network

NIED

University’s

i N ]

Univ. Local univ.

Originally
developed in
ERIN .Tokyo

Real-Time Data/Simulation Assimilation [c/o Prof. T.Furumura
Real-Time Update of Underground Model (ERI/U.Tokyo)]
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*.? Wisteria Output
¢ ¢ BDEC-01 &

Movie *

Data/Learning

Nodes: Aquarius

Observed Data Intel Ice Lake + NVIDIA A100

7.20 PF, 578.2 TB/s

Filtered Comp.
ReSUItS WaitlO-Socket Results

Eo8
o] 7
Obs. Data

External Server Simulation Nodes:

Odyssey
for Observed Fujitsu/Arm A64FX

Seism3D/
OpenSWPC-DAF
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Communications by WaitlO-Socket  [Kasaietal 2021]
Odyssey: RECV

Aquarius: SEND

program dmy_filter call WALTIO_MPI_IRECY (NTMAX1_o, 1, WALTIO_MPI_INTEGER, ©,1, WALTIO_COMM_UNIVERSE,...)
<HEE: BEES> call WALTIO, (bT_o, 1, WALTIO_MPL_FLOAT,  @,2, WALTIO_COMM_UNIVERSE,...)
call mpi_init (ierr) call WAITIO, (NST_ o, 1, WAITIO_MPI_INTEGER, @,3, WAITIO_COMM_UNIVERSE,...)
call mpi_comm_size (MPI_COMM_WORLD, nprocs, ierr) call WAITIO, (AT_o, 1, WAITIO_MPI_FLOAT,  @,4, WALTIO_COMM_UNIVERSE,...)
call mpi_comm_rank (MPI_COMM WORLD, myrank, ierr) call WALTIO (Te_o, 1, WATTIO_MPI_FLOAT,  @,5, WATTIO_COMM_UNIVERSE,...)
call WAITIO_CREATE_UNIVERSE (WAITIO_COMM_UNIVERSE, ierr) call WAITIO (IS0 X o, NSMAX, WAITIO MPI_INTEGER, @,6, WAITIO COMM UNIVERSE,...)
. call WAITIO_M (1S0_Y_o, NSMAX, WALTIO_MPI_INTEGER, @,7, WALTIO_COMM_UNIVERSE, .
if (myrank==0) i=h X . s . s s . call WALTIO MPI_IRECY (ISO_Z o, NSMAX, WALTIO MPI_INTEGER, @,8, WALTIO COMM UNIVERSE,.
gpe’,‘(iegé;ﬂ* -/obsfile list.txt’, form=‘formatted’, status=‘old’, iostat=ierr) call WAITIO_MPI_IRECY (ISTX_o,  NST, 1PI_INTEGER, 8,9, WAITIO_COMM_UNIVERSE, .
o i=1, ) N B T , T
. call WAITIO_MPI_LRECY (ISTY o,  NST ITI0_MPI_INTEGER, @,1@,WAITIO_COMM_UNIVERSE, .
T e _MPT_ (1sTY o, ST, _MPI_ _C L,
;fi"ft‘ fbf;nf;’f)?’d-:::&;g) . call WAITIO_MPI_IRECY (ISTZ o,  NST, TI0_MPI_INTEGER, @,11,WAITIO_COMM_UNIVERSE, .
,"Send obs data ...... A TTIO H * " MP A
call WAITIO_MPI_ISEND (NTMAX1 o, 1, WAITIO_MPI_INTEGER, 2,1, WAITIO_COMM_UNIVERSE,req(1,1), ierr) C"‘ﬂ :ﬂ:jﬁ—:‘;i—i:tg }fﬂzﬂ’ " Es?ﬂf}us LN l:jt—:':)i—ﬂ;ﬁ] g
call WAITIO_MPI_ISEND (DT_o, 1, WAITIO_MPI_FLOAT, 2,2, WAITIO_COMM_UNIVERSE,req(1,2), ierr) callk P (WAL 1005, 5 RO LTI
call WAITIO MPI_ISEND (NST o, 1, WAITIO MPI_INTEGER, 2,3, WAITIO_COMM_UNIVERSE,req(1,3), ierr) call (VyALL obs, NSTTNOBS_LEN,WAITIO MPL FLOAT, @
call WAITIO MPI_ISEND (AT o, 1, WAITIO_MPI_FLOAT, 2,4, WAITIO_COMM_UNIVERSE,req(1,4), ierr) call QuzAll obe NST-NOBS LEN.WALTIO MPL FLOAT @
call WAITIO_MPI_ISEND 1, WAITIO_MPI_FLOAT, 2,5, WAITIO_COMM_UNIVERSE,req(1,5), ierr)
call WAITIO_MPI_ISEND NSMAX, WAITIO_MPI_INTEGER, 2,6, WAITIO_COMM_UNIVERSE,req(1,6), ierr)
call WAITIO_MPI_ISEND NSMAX, WAITIO_MPI_INTEGER, 2,7, WAITIO_COMM_UNIVERSE,req(1,7), ierr)
call WAITIO_MPI_ISEND NSMAX, WAITIO_MPI_INTEGER, 2,8, WAITIO_COMM_UNIVERSE,req(1,8), ierr) ’ ’ = =
call WATTIO_MPI_ISEND NST, WAITIO_MPI_INTEGER, 2,9, WAITIO_COMM_UNIVERSE,req(1,9), ierr) 'S WIsterta Output
call WAITIO_MPI_ISEND NST, WAITIO_MPI_INTEGER, 2,10,WAITIO_COMM_UNIVERSE,req(1,10),ierr) nnic_'“ &
call WAITIO_MPI_ISEND NST, WAITIO_MPI_INTEGER, 2,11,WAITIO_COMM_UNIVERSE,req(1,11),ierr) ¢ ¢ Miovie
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) Data/Learning
call WAITIO_MPI_ISEND (VzAll_obs,NST*NOBS_LEN,WAITIO_MPI_FLOAT,  2,15,WAITIO_COMM_UNIVERSE,req(1,15),ierr) g = =
call WAITIO_MPI_WAITALL (15,req, status, ierr) Nodes: Aquanus Visualizer
en;:il sleep(1) Intel Ice Lake + NVIDIA A10(
close (100) 7.20 PF, 578.2 TB/s
endif
call WAITIO_FINALIZE (ierr)
call mpi_finalize (ierr) 2.0 TB/s
end * ‘ .
Simulation Nodes:

Fujitsu/Arm AG4FX B oo
25.9PF, 7.8 PB/s Mesh Data
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Atmosphere-ML Coupling

[Yashiro (NIES), Arakawa (ClimTech/U.Tokyo)]

® Motivation of this experiment

Tow types of Atmospheric models: Cloud resolving VS Cloud
parameterizing

Could resolving model is difficult to use for climate simulation . o
Parameterized model has many assumptions
Replacing low-resolution cloud processes calculation with ML!

ML App
(Python)

h3-Open-UTIL/MP
(Coupler) this part

L3
High Resolution Atmospheric Mode + bw Resolution Atmospheric Model Wlth AI

(Convection-Resolving Mode) h3-0pen-SYS/Wait|O- onvection-Parameterization Mode)

epld g Pr al Pro
in Low-Resolution NICA
with Machine Learning

Replacing

Diagram of applying ML to an atmospheric model




Experimental Design

Atmospheric model on Odyssey

B NICAM : global non-hydrostatic model with an icosahedral grid

B Resolution : horizontal : 10240, vertical : 78

ML on Aquarius
B Framework : PyTorch
B Method : Three-Layer MLP

B Resolution : horizontal : 10240, vertical : 78

Experimental design

B Phasel: PyTorch is trained to reproduce output variables from

input variables of cloud physics subroutine.
B Phase2:Reproduce the output variables from Input variables Cloud ph

and training results

Training data

B Input : total air density (rho), internal energy (ein), density of

water vapor (rho_q)

B Output : tendencies of input variables computed within the
Aein  Arho_q

cloud physics subroutine 'Arpo

AT

AT

AT

O PyTorch

Atmospheric Model
(Convection-Scheme ON)

Phasel: Training phase

Simulation Node

Data/Learning Node

Aquarius

ML App
(Python)

Phase2: Test phase



Test calculation

® Compute output variables from input variables and PyTorch
B The rough distribution of all variables is well reproduced
B The reproduction of extreme values is no good

ﬁ 13-Open-BDEC
//// 3 Big Bats & xieems Compting
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Examples of Scripts [Sumimoto, Arakawa]

Odyssey for Simulation

#!/bin/bash

#PJM -N "test_waitio"

#PJM -L rscgrp=coupler-lec-o
#PJM -L node=10:noncont
#PJM --mpi proc=80

#PJM -L elapse=00:10:00
#PJM -g gt00

#PJIM -j

#PJM -e err

module load fj
module load fjmpi
module load waitio

export WAITIO_MASTER_HOST="hostname’
export WAITIO_MASTER_PORT=7100
export WAITIO_PBID=0

export WAITIO_NPB=2

hostname
waitio-serv-a64fx -d -m $WAITIO_MASTER_HOST

#mpiexec -oferr-proc errnicam -np 160 ./nicam
mpiexec -np 80 ./nicam

Aquarius for Al

#!/bin/bash

#PJM -N "test_waitio"

#PJM -L rscgrp=coupler-lec-a
#PJIM -L node=1

#PJM --mpi proc=10

#PJM -L elapse=00:10:00
#PJM -g gi00

#PJIM -

#PJM -e err

module unload aquarius
module unload gcc ompi
module load intel
module load impi
module load waitio

export WAITIO_MASTER_HOST="waitio-serv -c’

export WAITIO_MASTER_PORT=7100
export WAITIO_PBID=1
export WAITIO_NPB=2

module unload intel
module unload impi
module load gcc ompi

mpiexec -n 10 ./ada
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Lessons Learned & Future
SC22 BoF 131 |l3 Ilpen BDEC

Disaggregated Heterogeneous Architectures /”

- Software (h3-Open-BDEC: WaitlO, Coupler) enabled integration of
(S+D+L) on Odyssey-Aquarius

— WatiolO-Socket/File - w o, &22
— Job Submission System -'-*-

« Policy for Operation “7 Dalgglmpe o
— Current status is preliminary, Very few workloads for (S+D+L)
— More flexible (& complicated) policy needed

- Please contact us at nakajima@cc.u-tokyo.ac.jp if you are interested
in installing and using our software on your systems !
— to be installed at systems of Nagoya U. and Kyushu U.

» Publication

— Shinji Sumimoto, et al. PDCAT’22, Dec.7-9, 2022 (in press)

e httn<s://www hoc ic tohokir ac in/ndcat?2022/ 36
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h3-Open-SYS/WailO-Socket

» Wisteria/BDEC-01
— Aquarius (GPU: NVIDIA A100)
— Odyssey (CPU: A64FX)

« Combining Odyssey-Aquarius
— Single MPI Job over O-Ais

impossible

« Connection between Odyssey-
Aquarius
— IB-EDR with 2TB/sec.
— Fast File System
— h3-Open-SYS/WaitlO-Socket

 Library for Inter-Process
Communication through IB-
EDR with MPI-like interface

37
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Shared File

System

(SFS)
25.8 PB, 500 GBIs

Big Data & Extreme Computing

Fast File

System

(FFS)

Nodes Aquarlus
1PB, 1.0 TBIs

Intel Ice Lake + NVIDIA A100
7.20 PF, 578.2 TBIs

External
Resources

800 Gbps —

Platform for Integration of (S+D+L)

35 f_ﬁ-;_,. Resources
OSSR

External Network
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h3-Open-SYS/WailO-File

» Wisteria/BDEC-01
— Aquarius (GPU: NVIDIA A100)
— Odyssey (CPU: A64FX)

« Combining Odyssey-Aquarius
— Single MPI Job over O-Ais

impossible

« Connection between Odyssey-
Aquarius
— IB-EDR with 2TB/sec.
— Fast File System
— h3-Open-SYS/WaitlO-File

 Library for Inter-Process

Communication through FFS
with MPI-like interface
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Shared File

System

(SFS)
25.8 PB, 500 GBIs

Platform for Integration of (S+D+L)

Big Data & Extreme Computing

Simulation Nodes:
Odyssey

Fujitsu/Arm AB4FX
25.9PF, 7.8 PBIs

Fast File

System

(FFS)
1PB, 1.0 TBIs

Data/Learning

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

External T
Resources

800 Gbps

WaitlO-File

External Netwo

h3 .Open- BI]E(:
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Preliminary Evaluation: WaitIO Socket -File

« Odyssey-Aquarius,
Flow (Nagoya University)
« Test Cases
— Model A: 160 proc’s/40 nodes:
AB4FX (Odyssey, Flow I)
— Model B: 20 proc’s/1 node: Intel
Xeon (Aquarius, Flow Il)
« Waitio_isend/irecv/wait
* Results

— “Socket” is better for small
cases, “File” is better for large
ones

— “Flow” with WaitlO-Files is 2x
slower than Odyssey-Aquarius

» Reasonable Number

o
o
o
(1]

2
=
3
o

(o]

L
81,920 26,214,400 |

163,840 52,428,800

327,680 104,857,600
655,360 209,715,200
1,310,720 419,430,400

C1
C2
C3
C4
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*.? Wisteria Output
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Movie *

Data/Learning

Nodes: Aquarius

Observed Data Intel Ice Lake + NVIDIA A100

7.20 PF, 578.2 TB/s

Filtered Comp.
ReSUItS WaitlO-Socket Results

Eo8
o] 7
Obs. Data

External Server Simulation Nodes:

Odyssey
for Observed Fujitsu/Arm A64FX

Seism3D/
OpenSWPC-DAF
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153k #&48 : OFP-Il, Mercury

o« R/NAUANDMREEK, BEN, IR

IR EE (LA 7] 5

» Wisteria-Mercury (2023411 A ~)

— GPUYSR%
— OFP-I7aK247

« OFP-11(202454R)
— OFP#&#% (JCAHPC: 3
— GPUYS R4

/&j(%t-;ttn) 200+PF 1PB, 1.0 TB/s

« MercurytREIL, £LLIEZED#EHEGPU

— CPU Only/—F# &Y (GPURAFEE LS AT RENE)
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Mercury & OFP-II
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T LHEIIZMercury -OFP-llIZ$&& 9 4GPU(MA LR L) ZROLHDLEHY)
2022F2H ~3H

— TYRVFI—0% & IIKE GHERIFER7FES, Fortran, C)

202246 A

— GPURLUS —%RE

— IRAUh e, R—Ta2 T DLYOTE, HR—MEHI, Fortran~®D X it
20225 FN ~

— IR—T T BtR, BRIFAquariusE7 oV I74+—LELTHER (Z712ALE)
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MP1+OpenMP i

i5l{tEh-Fortran7 045 5 L

DGPUN DTS

https://www.cc.u-tokyo

FR (T Z4Y)

.ac.jp/events/lectures/196/

=1

— KEERTIEOFP-INOT7 OIS LTKEIZRIT, BEFDMPI+OpenMPTCPUR [FIZ
Bt Ent-Fortran7 A5 S LNDGPUREADBIEF EEFE SN

~ BTN

— GPUNDFBATIZFERMIZOpenMP (CPURNF) THiFE SNz —TERHRELTE

— GPURITDJIL—T i 514k D FE& &L TIEOpenACC, OpenMP 5.x, do concurrent,
CUDA FortranZE# R TH D=8, TNENDEHHPFELAZESR

— Wisteria/BDEC-01 (Aquarius) Z;&FL, OpenMPTCPUR](TIZiiF{bSn-FRESR
EDTOT S LEEMELT:, GRUANDBHEDEZT 1T

- 12A7THFRBE (F5a4>) (BARHY 11 A308!)



GPUS=Fv T (X354 2) (1/2)
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« S=XxvTEIE?

— SMENI—FOT =2y EHFEAH.
CUDA. OpenACC. Deep Learning && .
GPUIZBEHEL-ZREIZL T, A 3—hiod
MEEZITIEMNG., TORERRRICIYMEH
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https://www.cc.u-tokyo.ac.jp/events/lectures/197/
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