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Adaptive Precision Computing with FP21/FP42

Masatoshi Kawai (kawai@cc. u—tokyo ac.jp)

ign 1hit
" e n recent years, the usefulness of low-precision floating-point

exp 11bits
e II“““III“II“III“II“III““IIIII“““III““I representation has been studied in various fields such as machine
exp 11bits
1 .L h ff h
Fpa2 IIIIII““IIIIIIIII“ IIIIIIII earnmg ow accu}racy.can be expects:d to have eftects SU.F) as
o 8bi . shortening calculation time and reducing power consumption. For
p 8bits frac 23hits - . . . .
FP32 I example, in an application with a memory bandwidth bottleneck, the
exp Bbits __frac 12bits effect of reducing the calculation time by reducing the amount of
il L e memory transfer is significant. However, in fields such as iterative
exp Shits frac 10bits

— T methods, it is common to use FP64 because the calculation accuracy
strongly affects the convergence, and there are few application
Heat Conduction with /11 exarpple§ .of low—precisio'n. arithmetic. Th.is study investigates the
Heterogeneous Material Property a apphcal?lhty of lowipr601510n represel.ltatlon to the Krylov subspace
and stationary iterative methods. In this research, we focus on the FP32,
I P FP16, and FP42, FP21, which are not standardized by IEEE754.

FP32-FP32 o
80 | -*-FP21-FP32

Developed method has been evaluated for ICCG solver, which solves
linear equations derived from 3D FVM code for steady-state head
conduction with heterogeneous material property (A,=10°, A,=10°~10°).
Generally, computation with lower precision (e.g. FP32-FP32, FP21-

tim
N
o

Computational time [s]
(o))
o
Computation
= =
o wv

20 ppppasstrrT 5

. ot e FP32) becomes unstable, if condition number of the coefficient matrix

LEO0 B3 LEOS 1609 Tiew aeo s e 044s larger (A, is larger), FP21-FP32 provides the best performance if A,
Computatlon Time for ICCG Solver is up to 10%. (“FP21-FP32” means “matrices are in FP21, and vectors

Various Types of Precisions on Intel Xeon Cascadelake are in FP32)



Acceleration of Transient CFD Simulations using ML/CNN

Integration of (S+D+L), Al for HPC/AI for Science

h3-Open-APPL | h3-Open-DATA h3-Open-UTIL
h3-Open-DDA/hDDA

Flow around a
Circular Cylinder

)

Simulation by LBM
Expensive

—

Detailed o o

Various types of simplified models are generated by ML, and
utilized for generating training data sets, and for simulations in
hierarchical manner + Prediction of Unsteady Problems

Datasets file + ;AL L+ At) = [i(x,6) + Q(z, t) et | e D;;a.ﬁlsslrgllatlnn AvR_|
) 1 ) Reduction (MOR) J Quantificarian (U0) | inq SEArse ey
Qi(z,t) = —=(fi(z,t) — % (z,¢t)) ; —e———— e

T

Training

Vlsuall:aﬂonl Ohsomdonll Num erical \I
Information | Results | Results
Simulations: LBM
v
T
. =

Prediction of the Results
after 10+ Time Steps ...

Prediction of Time
Evolution

CNN to predict simulation results

NN may become “faster simulator”

Prediction

[c/o Takashi Shimokawabe (ITC/U.Tokyo)]




Prediction of CFD Simulation by ML/CNN

Takashi Shimokawabe (shimokawabe@cc.u-tokyo.ac.jp)

weoos SiMulations: LBM - oo

result2_u_015 (icr CNN Predictions 2_v_015 (icnt = 0)
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Comparison of the flow velocity results obtained by the
conventional simulation (upper) and the prediction of these results
by deep learning (lower)

Computational fluid dynamics (CFD) is widely used in science and
engineering. However, since CFD simulations requires a large
number of grid points and particles for these calculations, these kinds
of simulations demand a large amount of computational resources
such as supercomputers. Recently, deep learning has attracted
attention as a surrogate method for obtaining calculation results by
CFD simulation approximately at high speed. We are working on a
project to develop a parallelization method to make it possible to
apply the surrogate method based on the deep learning to large scale
geometry. Unlike the model parallel computing, the method we are
currently developing predicts large-scale steady flow simulation
results by dividing the input geometry into multiple parts and
applying a single small neural network to each part in parallel. This
method is developed based on considering the characteristics of CFD
simulation and the consistency of the boundary condition of each
divided subdomain. By using the physical values on the adjacent
subdomains as boundary conditions, applying deep learning to each
subdomain can predict simulation results consistently in the entire
computational domain. It is possible to predict the simulation results
in about 36.9 seconds by the developed method, compared to about
286.4 seconds by the conventional numerical method. In addition to
this, we are also attempting to develop a method for fast prediction
of time evolution calculations using deep learning.



Machine learning slow molecular dynamics
Our proposal — BOnNd Targeting Network (BOTAN)

INPUT

nodes = particle type e

5% 9

\

Graph
Neural
Networks

/

edges
= relative positions

OUTPUT

nodes = particle motion

[edges = relative motion ]

H. Shiba, M. Hanai, T. Suzumura, and T. Shimokawabe, arXiv:2206.14024 (2022)
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h3-Open-SYS/WaitlO
T—3ZITELSAT S (RE, 2020]
({¥5Tith, HPC-181, 2021]
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v Odyssey~ Aquariusfil ;&

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

O 774 L& (WaitlO-File) e
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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—'zn32"/aiout
waitio_ wait Termination of waitio_isend/irecv el - FaIR=2
waitio_init Initialization of WaitlO WATIO ST PORTonY - ————
waitio_get_nprocs Process # for each PB (Parallel Block) [ Parallel Block ]
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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. HEEDHTS—(Coupler) : ppOpen-MATH/MP
— BHGEE2D: K& (NICAM) +i#% (COCO)) D7 U4r— 3> D E5:ER
(Weak Coupling) Z=HHR—
— BT TN —aV I JEEHDHEERDS

. .J ______ gl |V [2. Send-data extraction from
the buffer, and data sending

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

r——
276 280 284 288 292 286 300 304

Qe B W
100 120 140 160 180 200 1.3 2.6 3.9

* Also applicable to full coupling,
App. A multiple applications
. Model procedures
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#5525 : h3-Open-UTIL/MP- >, - Ghen-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
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Data Assimilation
Data Analysis Observation Network for Earthquake: O(10%) Points

Server,
Storage,
DB,
Sensors,
etc.

NIED
J Dxet University’s
dO;vgs:T:;y:d in @ E.
ERIN Tokyo

Univ. Local univ.

Real-Time Data/Simulation Assimilation [c/o Prof. T.Furumura
Real-Time Update of Underground Model (ERI/U.Tokyo)]
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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 ‘ T ) T
. call WAITIO_MPI_LRECY (ISTY o,  NST ITI0_MPI_INTEGER, @,1@,WAITIO_COMM_UNIVERSE, .
T o e _MPT_ (1sTY o, ST, _MPI_ _C L,
;fimft‘ fbf;'enf;’;?‘d-:::&;g} . call WAITIO_MPI_IRECY (ISTZ o,  NST, TI0_MPI_INTEGER, @,11,WAITIO_COMM_UNIVERSE, .
,"Send obs data ...... A TTIO : % e A
call WAITIO_MPI_ISEND (NTMAX1 o, 1, WAITIO_MPI_INTEGER, 2,1, WAITIO_COMM_UNIVERSE,req(1,1), ierr) C"‘ﬂ :i:jﬁ—:‘;i—i:tx }:ﬂzﬁ’ " Es?ﬂf}us LN l:jt—:':,i—ﬂ;i] 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 WATITIO_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 AB4FX B P =
25.9PF, 7.8 PB/s Mesh Data
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Data Assimilation + Pure Simulation/Forecast

482 K-NET, KiK-net Observation
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= == ® ¢ wi - Platform for Integration of (S+D+L)
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23J 297l [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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Heterogeneous Architecture

If you want to integrate (Simulation/Data/Learning) (S+D+L), the
architecture should be heterogeneous (My Personal Perspective)

— Wisteria/BDEC-01 (U.Tokyo)
— Modular Supercomputing Architecture (JSC, Germany)

* ¢ wist Plﬁfmm for Integration of (S+D+L) e
L 2 Is erla 'Eig & meCo Cluster
¢ ¢ BDEC-01 Blg Data & EXIre puting ‘
CN 5 CN X
Simulation Nodes: Module 6 + Module2
Odyssey Multi-tier Storage [\ o] Booster
FujitsulArm AB4FX System
25.9PF, 7.8 PBIs ..
Shared File - Fast File BN | BN | BN
System DatalLearning System M SA )
(SFS) N . g (FFS) Module 5 Module 3
odes: Aquarius Quantum Data Analytics
25.8 PB, 500 GB/s Intel Ice Lake + NVIDIA A100 1PB, 1.0 TB/s Module Module
7.20 PF,578.2 TBIs
\ Module 4
— 800 Gbps — QN | QN Neu&lorgolrph ic @ @ i
odule

NN}-NN

External &,
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Joint Proposal for FY.2023 JHPCN (accepted)
https://jhpcn-kyoten.itc.u-tokyo.ac.jp/en/

 Innovative Computational Science by Integration of

Simulation/Data/Learning under Heterogeneous Computing Environment
— FY.2021 & 2022: Focused on Earthquake Simulations
» Univ. Tokyo (ITC, ERI), Nagoya U., Kyushu U., NIES, Fuijitsu
— FY.2023-2025 (plan): Other applications and International Collaborations
« Jllich Supercomputing Centre (JSC) : Modular Supercomputing
» Rudjer Boskovic Institute, Centre for Informatics and Computing, Croatia
« Friedrich-Alexander-Universitat Erlangen-Nirnberg (FAU)
» French Atomic Energy Commission (CEA)
« Target Systems in Japan

— Wistreia/BDEC-01, Flow@Nagoya U., mdx

#) )0LICH l|§ ==

FORSCHUNGSZENTRUM Boskovi¢

= FRIEDRICH-ALEXANDER
= UNIVERSITAT _
ERLANGEN-NURNBERG
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