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 High-performance virtualization environment focusing on leveraging
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Adaptive Precision Computing with FP42/FP21

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
e 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)
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Prediction of CFD Simulation by Deep Learning
Takashi Shimokawabe (shimokawabe@cc.u-tokyo.ac.jp)

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
Compar!son Of the ﬂ?W velocity results Obta"t'eq by the this, we are also attempting to develop a method for fast prediction
conventional simulation (upper) and the prediction of these results ¢ (ime evolution calculations using deep learning.

by deep learning (lower)

truth2_u_015 (icnt = 0) truth2_v_015 (icnt = 0)

result2_u_015 (icnt = 0) resultz_v_015 (icnt = 0)
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h3-Open-SYS/WaitlO
T—3ZITELSAT S (RE, 2020]
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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—=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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Simulation Nodes
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_ Codes ﬂ
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e = o F
Sensors, — - SRS — [c/o Furumura]
etc. . External Network
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i N ]
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Real-Time Data/Simulation Assimilation [c/o Prof. T.Furumura
Real-Time Update of Underground Model (ERI/U.Tokyo)]
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v' Graphcore, SambaNova, Cerebras
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generation machines with
hardware accelerators
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» Provide a platform to evaluate
usability and performance of
machine learning based HPC
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accelerators.
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understand how to integrate Al
accelerators with ALCF's
existing and upcoming
supercomputers to accelerate
science insights




39

eX3@Simula Research Laboratory, Norway

Experimental Infrastructure for Exploration of Exascale Computing

https://www.ex3.simula.no/resources/ @
simula

 The eX3 infrastructure includes an IPU-
POD, consisting of 64 Colossus Mk2
GC200 IPUs with 1,472 cores each,
making up a total of more than 94K cores.

« The total In-Processor Memory™ is more
than 57 GB supported by a memory
bandwidth of 47.5 TB/s per IPU. This IPU-
POD is capable of 16 petaflops mixed
precision peak performance. The IPU
processor has been designed bottom-up
for machine learning and Al workloads.

simula
+
GRAFHCORE

PPN ELROPEAN TECANOLOGY
IS LITFORMFORHEH
PERFORMANCECOMPUTIG
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Urgent Computing&~Resource Provisioning
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COVID-19E5X M Urgent Computing
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#3 & #5 failed

Files of #3 & #5
are read by #0 &
#1 (Merging)
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Data Migration

49



50
Y

B =
*ZE%‘.—/
« DIUETEPTHAGFEREREZZILCRAD)SES
« —TED/—FETEHIBELI=DaTA, KUTSAAF)T4DEWNaTI, FE

LTWAEE/—FO—&ZEHHT 5

— Job-A, Job-B, Job-CMETHIZ, KYELE, BEMOELVYITJob-XiZA

- . . TIME
v -BER
« Job-A, Job-B, Job-C
D—ERD /—K%EJob-
XABENTHEITK
ST, %£1303T%E
g5 E%K, Job-X
1T
— Job-X¥& TR IXTD
/—F##Mm1E

. SEFrLAR A+ T e T Job-X with Higher T Job-X completed
LELLGWGE LA RE Priority submitted

istribution

ce Migration/Redistribution

——————————————————— Job-X-with-Higher--
Priority

Amount of Resources
Resource Migration/Rec

Resou




DT DR -FFREE

« D37DEITEILDHSHIEGL, KYFEEIZUrgent Computingz it d 5= &
EHRIELT, 7V —2a DA DN EEEEE R ET
. LA D#HE (Repartitioning, Checkpointing, Data Migration) %1+
M BHIEIZELT, ARERZE, 20iE ARAEAFEEZFICOULTIEUrgent
ComputingAIF D i F| 7 7)) r— a3 D EOVENEXTRETESIRBE
LA DUV =,
— ULFM-MPI£3R%, BI{ERERMNTET:
— Repartitioning/Data Migration/Checkpointing® >4 2 3')1t
« SERFEREMLEDHBIDELE, R—/A—aE1—2NEER~DERAE
L TREILTLKFETH S,
— BT EHAE#EROBRE CGRL, 18n), BAcERRRE
— MEERBVEZFTANDA T/ —FERIEER (=) ER5T
— 7= EET M OFR OB

51



EARDOFEED

ZHRGETEREIROF A
V IETE-T—2- 28 fEitE
v WaitlO over Cloud: £lL\Waith hZE Hy- - -
v WaitliOIXh ENDEZ AZTRARMIZEZT-
— ENGWEBRNTRARLIEDEZITHLMBAL
REDTHEHREROMHER
v" Urgent Computing (Fault Resilience) D418
VIO HFEEBE: MAERL
(JBEC) RAkL—
v TBXIRESHTE =B XKRET—2ITIEAEL
— lpomoea-01DT—A2BITEFSFE TIEGEM>F=---
v Digital TwWinzR TIZEXIZEYFS : FEHHPEDHI
— Odyssey10/—K x20hDETEEZHF~H B —R
— 17 —X500GB#kH h=>FR7—)L
— Gfarm(Z& AL HF=Wisteria/BDEC-01(Z B L !

0’0 Wisteria Platform for Integration of (S+D+L)

o BOEC-0T Big Data & Extreme Computing J a pa n

simula
+
GRAPHCORE

| pevo § PEs1 | PEs2 | PE 3 |l PEa |l PEss || PEs |
g Starting
BaaBRARa -
#7
| pe 70 |l pE#1 |l pEs2 ] | PE 4 | | PE s |
File File
# #7
| P o | pe 1 || PE2] | PE 4 | EREA ooisa4s
File are read by #0 &
7 #1 (Merging)

[ evo | pest fpeva ] Pesa ] Pesa | PEss | Repartitioning &

Data Migration
File
1
i 52

#3 & #5 failed



53

( _\\_9 IEJ 1t + :/E:L '/_:/3 ?/ I;:Csilm_ (;) + W(ObsRe_Si(:EI:: ) 7I;I:;T\li\l:iegIsmi;anlog Matrix
(A+S)) > (PureSal— [7 & =™ b

N . —_ omp. ssim.

“/3./ (Pure S) ) ’\o)*z’?_f x{l+1 = Fx% F: Wave Propagation

simulation

(A+S) Assimilation+Simulation I—— - (Pure S) Pure Simulation/Forecast

e
- assrmtl'uted r]‘it (blined step g _forecnsted _ assnmrlated

forecasted E27]

Bl E DikE

residual from obs

observation 1
|yn+1

| Optimal

weight

weight W
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