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h3-Open-BDEC Innovative Software Platform
for Integration of (S+D+L) on the BDEC
System, such as Wisteria/BDEC-Ol

“Three” Innovations

— New Principles for Numerical h3-Open-BDEC

Analysis by Adaptive Precision, Numerical Alg JLibrary
Automatlc TUﬂlng & ACCUFaCy New Princip_le for Simulation + Data + Colrgﬁgﬁggt?o;ﬁ
Verification Solptatons LERIlE Utilities

— Hierarchical Data Driven Approach Algorithme with Hgh- | h3-Open-APP: Simulation h3-Open-SYS
(hDDA) b d M h |_ : PefformEaﬁ[\_CQ, Rt‘g‘lllablllty, Application Development Control & Integration

ased on Machine Learning
S . i . . : ~h3-Open-UTIL

— Software & Utilities for Verification of Accuracy | DataScience | Utlties for Large-Scale
Heterogenous Environment, such as fTT*h -
W ISterla/BDEC-Ol Autorﬁa?iﬁn'l:uning S;ct);%?{\?eaAAégggé?ug
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Wisteria/BDEC-01 The 15t BDEC System (Big Data &
Extreme Computing)

* Operation starts on May 14, 2021 pjatform for Integration of (S+D+L)
« 33.1 PF, 8.38 PB/sec by Fujitsu

o : : — 2 ¢ O - - Platform for Integration of (S+D+L)
. 2 Tésel\ivgfwlslg ggognr% ! Szom " ° E#Esct_%sla Big Data & Extreme Computing
— ' Simulation Nodes:

— Hierarchical, Hybrid, Heterogeneous (h3) Odyssey
— Simulation Nodes: Odyssey 259PF 7.8 PB/S

* Fujitsu PRIMEHPC FX1000 (A64FX), 25.9 PF Shared File Fast File

Syst Data/L ' Syst
— 7,680 nodes (368,640 cores), Tofu-D e Datal /i?qrun;?i%s i

— General Purpose CPU+ HBM 25.8 PB, 500 GB/s Intel Ice Lake + NVIDIA A100 1PB, 1.0 TB/s
7.20 PF, 578.2 TBI/s

— Commercial Version of “Fugaku”

— Data/lL earning Nodes: Aguarius J s
: . . E | T AT B

« DataAnalytics & Al/Machine Learning e =

* Intel Xeon Ice Lake + NVIDIAA100, 7.2PF

— 45 nodes (90x Ice Lake, 360x A100), IB-HDR
« Someofthe DL nodes are connectedto external resources directly

* File Systems: SFS (Shared/Large) + FFS (Fast/Small)
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h3-OpenSYS/WaitlO:
for Heterogeneous Coupling Computing

« With the spread of higher-scale computing
systems, HPC applications have become I e e e P
able to solve more practical problems.

« Example 1: Realizing real-time simulation with
various kind of sensor data and estimate the
future.

« Example 2: Improving calculation accuracy by
assimilating calculation results and real-time

d Real-Time Data/Simulation Assimilation
ata . Real-Time Update of Underground Model

[c/o Furumura]

« Example 3: Using computer simulation results
as machine learning data and doing simulation A | o™
using inference computation. =T e
« Fusion of multiple applications is the key
with Simulation, Data processing and B[ oo
machine Learning
« Heterogeneous Coupling Computing by WaitIO

3. Data-packing after the
interpolation process

!
Copy data to the b
| procedures {

20 a4 2
Tzr—
180 200
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Real Time Heterogeneous Coupling Computing using
WaitlO on Wisteria/BDEC-01

*+? Wisteria
¢ ¢ BDEG-01

Data/Learning

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

L
Obs. Data 2 0TB/s

Simulation Nodes:
Odyssey

Observed Data

Seism3D/
OpenSWPC-DAF

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

External Server

for Observed

Fujitsu/Arm A64FX
Data ;




Simulation and Python Application Coupling ...

by h3-Open-UTIL/MP (h30-U/MP) + h3-Open-SYS/WaitlO ,,"} Open-BDEC
on Wisteria/BDEC-01

Surrogate
Model

Analysis/ML

App
(Python)

HPC App

>

(Fortran)

F<->P adapter
h3o0-U/MP

A huge amount of h3o-U/MP

simulation data
output - —

Coupling
IB-EDR

*.* Wisteria *.* Wisteria -
o% BOEC-01 ASECD +*+ BDEC-01




API of WaitlO: PB (Parallel Block) == Each Application

‘k ERARIERERT Y+

INFORMATION TECHNOLOGY CENTER, THE UNIVERSITY OF TOKYO

« Application is able to select communication processes among PBs

WaitlO API
waitio_isend
waitio_irecv
waitio_wait
waitio_init
waitio_get_nprocs
waitio_create _group
waitio_create _group_wranks
waitio_group_rank
waitio_group_size
waitio_pb_size
waitio_pb_rank

Waitio Instance  WAITIO_NPB=3
| I I |

Non-Blocking Send

Non—BIocking Receive Parallel Block Parallel Block
mpiexec... -n 32 ./a.out mpiexec... -n 2 ./a.out
Termination of waitio_isend/irecv v510-0 g o
Initialization of WaitlO e _@WG .
) ] regicin]| 02 p3
Process # for each PB (Parallel Block) M —— R
Creating communication groups mplexec...-n8.fa.out  ppp=1

among PB’s

Rank ID in the Group
Size of Each Group
Size of the Entire PB
Rank ID of the Entire PB

—x. S
% EE /5\ j( ?
’ THE UNIVERSITY OF TOKYO
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INFORMATION TECHNOLOGY CEMTER, THE UNIVERSITY OF TOKYO

WaitlO-MPI Conversion Library

« WaitIO does not have MPI Datatype

« WaitIO-MPI Conversion Library was developed to convert MPI
program to WaitiO

WaitIO-MPI API (2022/9/1) , | description

waitio mpi_isend WaitlO MPI_Isend
waltio_mpi_irecv WaitIO MPI Irecv
waitio_mpi_reduce WaitlO MPI Reduce
waitio_mpi_bcast WaitlO MPI Bcast
waitio_mpi_allreduce WaitlO MPI Allreduce

waitio mpi_waitall WaitIO MPI Waitall

waitio create universe WaitIO Initialization(all ranks)
waitio create universe pbhead | WaitlO Initialization(rankO of each PB)
waitio mpi_gather WaitlO MPI Gather
waitio_mpi_algather WaitIO MPI_Algather
waitio_mpi_scatter WaitlO MPI Scatter

waitio mpi_scatterv WaitlO MPI Scatterv

waitio mpi gatherv WaitlO MPI Gatherv
waitio_mpi_barrier WaitlO MPI Barrier

waitio mpi_type size WaitlO MPI Tyep size

— . \?
ey B E K ¥
" THE UNIVERSITY OF TOKYO
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Existing File Coupling Application Program
Conversion by WaitlO Easily

« Converting a Sample Coupling Program using File Coupling to
WaitIO Coupling

« Toy Programs of 3D unsteady-state heat transfer problems with the finite
element method (FEM) using iterative linear solvers

« Converting Three Toy Program Coupling from file based to WaitIO Based

Code-1 Code-2 Code-3
s1.dat
Computing | Point source | Unsteady three- Unsteady three-
calculation dlmen5|9nal heat. dlmen5|9nal heat_
conduction equation by | conduction equation by
t.lst | ar FEM (MPI) FEM (MPI)
prp— pe —I+V (kVT)=¢g s3.out
0= ﬂam{ : .; Input sl.dat s2.dat, sl.out s3.dat, sl.out, s2.out
: Output sl.out, tl.Ist | s2.out, t2.Ist S3.out, t3.out
Code-2 Code-3
P | ® Code-3: Reading Code-2 Output
/S / Forced temperature fixed

conditions in the plane of Z= Zmax

— . \?
ey B E K ¥
" THE UNIVERSITY OF TOKYO
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Code-1 Program Source: File Based

« Code-1: Original Code Using File Coupling

001 implicit REAL*8(A-H,O-2) 017 do
002 real(kind=8) :: Interval 018 S1time= mpi_wtime ()
003 include 'mpif.n’
019 do
004  call MPI_Init(ierr) 020 do iter= 1, ITERmax
005 open (11,file='s1.dat',status='unknown’) 021 a= 1.do
006 read (11,*) ITERmax, Period, Interval, Val 022 enddo
007 write (*,)(a,i8)") '##ITERmax ', ITERmax 023 EOtime= mpi_wtime (ierr)
008 write (*,'(a,1pe16.6)") ##Period ', Period 024 if ((EOtime-S1time).gt.Interval) exit
009 write (*,'(a,1pe16.6)") ##interval', Interval 025 enddo
010  write (*,'(a,1pe16.6//)") ##Val ', Val
011 close (11) 026 ttt= EOtime - SOtime
027 Source= Val * dsin(ttt*coef)
012  open (12, file='s1.out’,status="unknown") 028 | rewind (12)
029 write (12,'(2(1pe16.6))") ttt, Source
013  pi = 4.d0*datan(1.d0) 030 enddo
014  coef=pi/180.d0
015  time= 0.dO 031 call MPI_Finalize()
016  SOtime= mpi_wtime () 032  stop
033 end

2023/11 ASE 45th Copyright 2023, Shinji Sumimoto@The University of Tokyo 10 e D N
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Code-1 Program Source: WaitIO Based

« Converting Open/Read-Write to isend-irecv/wait

001
002
003
004
005

006
007

008
009
010
011
012
013
014
015

016
017
018

019

implicit REAL*8(A-H,0-2)

real(kind=8) :: Interval

integer :: dest

integer(kind=4 ), dimension(:,:), save,allocatable :: sta1
integer(kind=4 ), dimension(:,:), save,allocatable :: req1

include 'mpif.h'
include 'waitio_mpif.h'

call MP1_Init(ierr)

open (11,file="'s1.dat',status='unknown’)
read (11,*) ITERmax, Period, Interval, Val
write (*,'(a,i8)') '##ITERmax ', ITERmax
write (*,'(a,1pe16.6)") '##Period ', Period
write (*,'(a,1pe16.6)") '##interval’, Interval
write (*,'(a,1pe16.6//)") ‘##Val ', Val
close (11)

allocate (sta1(WAITIO_STATUS_SIZE,2*2))
allocate (req1(WAITIO_REQUEST_SIZE,2*2))

call WAITIO_CREATE_UNIVERSE_PBHEAD (WAITIO_SOLVER_COMM, ierr)

open (12 file="s1.out',status='unknown'")

« MPI Non-blocking Send/Recv Style Conversion

037 write (*,'(2(1pe16.6))") ttt, Source
038 do dest=1, 2

039 call WAITIO_MPI_Isend (ttt, 1,

040 & WAITIO_MPI_DOUBLE_PRECISION,

041 & dest, 0, WAITIO_SOLVER_COMM, req1(1,2*(dest-1)+1), ierr)
042 if(ilerr.ne.0) goto 100

043 call WAITIO_MPI_Isend (Source, 1,

044 & WAITIO_MPI_DOUBLE_PRECISION,

045 & dest, 0, WAITIO_SOLVER_COMM, req1(1,2*(dest-1)+2), ierr)
046 if(ierr.ne.0) goto 100

047 enddo

048 call WAITIO_MPI_Waitall (4, req1, stat, ierr)
049 if(ierr.ne.0) goto 100

050 enddo

051 100 continue

2023/11 ASE 45th Copyright 2023, Shinji Sumimoto@The University of Tokyo 11 e D N
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The pHEAT-3D Application Conversion Example

« Translates pHEAT-3D from Fortran+MPI to WaitIO-MPI
Conversion Library
« WaitIO-MPI Conversion code conversion mechanically convertible

include 'mpif.h’'

include 'waitio_mpif.h'

integer(kind=kint ), dimension(:,:), save,allocatable :: reql
integer, save :: NFLAG

data NFLAG/0/

IC-- RECV
do neib= 1, NEIBPETOT
istart= STACK_IMPORT(neib-1)
inum = STACK_IMPORT(neib ) - istart
call WAITIO_MPI_Irecv (X(istart+NO+1),inum,

& WAITIO_MPI_DOUBLE_PRECISION,
1C & NEIBPE(neib), 0, WAITIO_SOLVER_COMM,
1C-- INIT. & reql(1,neib+NEIBPETQOT), ierr)
if (allocated(stal)) deallocate (stal) enddo
if (allocated(reql)) deallocate (reql) IC
allocate (stal(WAITIO_STATUS_SIZE,2*NEIBPETOT+4)) call WAITIO_MPI_Waitall (2*NEIBPETOT, reql, stal, ierr)
allocate (req1(WAITIO_REQUEST_SIZE,2*(NEIBPETOT+4)))
IC end subroutine SOLVER_SEND_RECV
1C-- SEND end module  solver_SR

do neib= 1, NEIBPETOT
istart= STACK_EXPORT(neib-1)
inum = STACK_EXPORT(neib ) - istart
I$omp parallel do private (k,ii)
do k= istart+1, istart+inum
ii= NOD_EXPORT(k)

enV(;/dS(gk)= AW, call WAITIO MPI_Allreduce (RHOO, RHO, 1,
. . & WAITIO_MPI_DOUBLE._PRECISION,
Gl M) PLIEERE (MEQEErEr L), (i, & WAITIO MPI_SUM, WAITIO SOLVER_COMM, ierr)

& WAITIO_MPI_DOUBLE_PRECISION,

& NEIBPE(neib), 0, WAITIO_SOLVER_COMM, reql(1,neib), ierr)

enddo

!$Somp parallel do private(i) reduction(+: RHOO)
doi=1, N
RHOO0= RHOO + WW(i,R)*WW(i,Z)
enddo

2023/11 ASE 45th
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h3-Open-UTIL/MP + (B0,
h3-Open-SY S/WalitlO-Socket |

Operation Started in June 2022 2.2 Wisteria
¢~ ¢ BDEG-01

Fortran APP Python APP Fortran APP Python APP
(NICAM) (PyTorch) (NICAM) (PyTorch)

h3opp.py

h3opp.py

h3open modules JE-ZD=

_ “ h3open modules

Jcup modules Jcup modules

h3open modules

h3open modules

A

Jcup modules Jcup modules

h3-Open-UTIL/MP

Jcup

h3-Open-UTIL/MP

jeup_mpi_lib.f90 jeup_mpi_lib.f90 jcup_mpi_lib.f90 jcup_mpi_lib.fo0

MPI WaitlO MPI

MPI+WaitlO

May 2021: Single MPI Environment June 2022: Coupler+WaitlO %



How to run the workloads
 Total Number of Nodes

— Odyssey: 7,680 nodes: not so crowded

— Aquarius: 45 nodes, 360 GPUs, very
crowded

One node of Aguarius Is reserved
for this type of workload on the
Integration of (S+D+L)

2 separate jobs (Odyssey, Aguarius)
should be submitted

If both jobs “grab” resources,
execution starts.

More flexible (& complicated) policy
needed

14

Platform for Integration of (S+D+L)

® ¢ Wi i
4 Wisteria Big Data & Extreme Computing

¢ ¢ BDEG-01

Simulation Nodes:

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

Shared File
System

(SFS)
25.8 PB, 500 GB/s

Fast File
System

(FFS)
1PB, 1.0 TB/s

Data/Learning

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

-

ﬁ External

i
RS = s Resources
=2 $Aé;g&¢ P e 1"]'1"

External Network

HPC App
(Fortran)

yyyy

a8 66

External
Resources

Surrogate
Model
Statistics

*.* Wisteria :
o*s BOEC-D1

Analysis/ML
App »
(Python)
F<->P adapter
h3o0-U/MP

A huge amount of
simulation data
output < >

Coupling
IB-EDR

h3o0-U/MP

*.? Wisteria
‘0 + BDEC-01 Odyssey
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Job Co-execution between Different Batch

Processing Systems
« We developed:

« WaitIO Hostname Server:

¢ ¢ \wisterig Platform for Integration of (S+D+L)
“‘ BDEC-01 Big Data & EX

« Exchanging host information Simulation Nodes
» Coupled Job Execution Service: sy 2
« Watching job scheduler status and dispatching Shared File [ [zores | —
coupling jobs System [ et carning System
« Coupled Job Execution Sequences: e e .
- Classification between Regular Execution B S S —
Jobs and Coupled Execution Jobs External By B 17 ¥ c o

Resources 'A. m Resources
‘

Do Simultaneous Execution: When

resources of the multiple systems are WaitlO Hostname CoupledJob

available Server Execution Service
« WaitIO-Socket execution environment

settings

2023/11 ASE 45th Copyright 2023, Shinji Sumimoto@The University of Tokyo 15 ) & % '? j( ?
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WaitIO-Socket, WaitIO-File vs. WaitIO-Hybrid Ping Pc@g““
Bandwidth Odyssey 2 node (Homogeneous)

« WaitlO-Hybrid : Achieved 1.1GB/s
« Rendezvous Protocol is accelerated by WaitlO-Socket

MB/s Odyssey 2 Node Communication Performance Scaling:
1,200 1079.55
1,000
800
600
400
200
0 e < D 0 @
1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07 1.0E+08
—e— WaitlOHybrid(1proc/node) —e— WaitlO-Hybrid(2proc/node) WaitlO-Hybrid(4proc/node) Bytes
WaitlO-Hybrid(8proc/node) —e— WaitlO-Hybrid(16proc/node) --#-- WaitlO-Socket(1proc/node)
--o--\WaitlO-Socket(16proc/node) ---#--- WaitlO-File(1proc/node) ----»--- \WaitlO-File(16proc/node)

2023/11 ASE 45th Copyright 2023, Shinji Sumimoto@The University of Tokyo 16 ﬁ,ﬁz&ﬁi



h3-Open-UTIL/MP+h3-Open-SYS/WaitIO e

INFORMATION TECHNOLOGY CEMTER, THE UNIVERSITY OF TOKYO

Application Performance Evaluation 2 hd-dpen-BEC

’// ||||||||||||||||||||||||

« NICAM-AI(ADA): Performance Evaluation of Coupling Computing
« Total air density, Internal energy, Density of water vapor

 Framework : PyTorch, Method : Three-Layer MLP
« Resolution : horizontal : 10240, vertical : 78

Atmospheric Model Atmospheric Model
Surrogate (Convection-Scheme ON) (Convection-Scheme OFF)
Analysis/ML Model
HPC App Y

(Fortran) App

ML App

(Python)
(Python) (T Pailely
F<->P adapter Cloud phy
suprouti
A huge amount of h3o0-U/MP o
sim?;lation data h3o0-U/MP Statistics
output
Couplin
Tofup m:mwz;om Parallel Block:1
ﬁé?lfe‘f_'f’.“:’fm e D s [ma;:?efec...0 40 /ada ’
PO g el PBID=1 Phasel: Training phase \
\ e Phase2: Calculation phase
T e
=7 I -1 ML Processing Model for Climate Simulation
] : : HeA = U cRu
e R —— NICAM+ADA Execution Image
InfiniBand HDR x 4

2023/11 ASE 45th Copyright 2023, Shinji Sumimoto@The University of Tokyo
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WaitlO Performance: NICAM+ADA

« Comparison of Socket, File, Hybrid
* WaItIO—Hybrld Was beSt performange@ NICAM+ADA Application Performance

700 Odyssey + Odyssey Odyssey + Aquarius

Homogeneous Heterogeneous
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|
200

=101
0

NICAM-o ADA-o NICAM-a ADA-a
M Socket M File M Hybrid

2023/11 ASE 45th Copyright 2023, Shinji Sumimoto@The University of Tokyo 18 O i "? j( ?



Summary of WaitIO(h3-OpenSYS/WaitIO)
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INFORMATION TECHNOLOGY CEMTER, THE UNIVERSITY OF TOKYO

« Works amon

POSIX Socket communication and Shared File

« Existing related work needs same software stack among whole
system nodes, so interoperability is limited

« Existing MPI and compiler can be used
« Fujitsu MPI, Intel MPI and Open MPI for GPU

Future Work

« WaitIO-Verbs for InfiniBand, RoCE, Slingshot

High performance System-wide communication for:
« Coupling multiple MPI applications
among multiple heterogeneous systems

No extra software needed

systems with

(Now Working)

« Real Application Porting: Several Projects are on-going

N
(jh210022-MD

2023/11 ASE 45th

%S@ (19H05662)",and by

Acknowledgement
« This work is su

*.Y Wisteria
¢ ¢ BDEC-01

Shared File
System

(SFS)
25.8 PB, 500 GB/s

Platform for Integration of (S+D+L)
Big Data & Extreme Computing

Simulation Nodes:

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

Fast File
Data/Learning System

Nodes: Aquarius (FFS)
Intel Ice Lake + NVIDIA A100 1PB, 1.0 TB/s
7.20 PF, 578.2 TB/s

External 1
Resources

orted byJ”JSPS Grant-in-Aid for Scientific Research

IHOS oint Usage/Research Center for
erd|séc33lmar¥|)!|_arge-scale Information Infrastructures
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INFORMATION TECHNOLOGY CEMTER, THE UNIVERSITY OF TOKYO

Questions?

THE UNIVERSITY OF TOKYO
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