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4.3 RILEMERELE
ATAAERMERE & LR L 7o 2 R 5 1omd. BT a X
I3 224x224x6000 , BI ¥ED 7 1 v 7 YA XL 4x4x5,
SGI8600 % 2 / — RfEH L CTHHHI L 7=. BF16 AifLel
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”2X}§‘\2@;(§ T 7651 7773 7846
224x2}§§9§ % 16997 16998 17086

X 9 IZATAELCFIA S 17517 — & & FP64 > DAKKEE
IZEBT DEEO DT — REEE LT GE DIURBRE % /R
T KT A R 28x28%750 TH B, HlTEEADITR D
IVMEIZILD LD, Br FRLDIiEE e iy FEcfE
ZHDDFHETH VMEHERTOEL D /hEL 5.

FP16 RIS HGTEEALYD, B 7 HEALD O 5 TR L
TW5. —J7, BFI16 RIALER LY v J71a e CTrlisd LT
B AT IR TR AMER LT\ 5. REGT O
FEEEA 3 HTFREE D FP16 (25t LT, IRIKEROREEE N 2 HTH2
JEE TR T2 BF16 TIXHDIRZEDREN FPI16 LV b
REWTLONDFEIZ L VA EREL LTS, Fie,
B u e Tix BF16 ALELXINER LT\ 523 FP16 i
PR L 0 HUHRMESEAL L TN B,

E7 v vHERD 7 E7 v v 2 AT OREIZERE,
B2 7 v 7', B X OBEEL X ¥ —21c k> TR T 2.
Yo AAI® DI, & TORBOREGEEA- I AL
W 5 ITHEMITHEHE AN & 7 TAIC A & % 23T 5]
R Dav 7R oRGEIRMRR I T2 EEZS
N3, —7, REENLD OEEICE, SR RBERICIG

(©2022 Information Processing Society of Japan

5. BHYIC

AW TIEZ L A B B i AT = — K JUPITER (2
BF16 #FIH LR EHEmAI 2 @A Lz, s
BF16 #FIH L CTH FP32 &A% R UNHME A /D Z & 23 FlHE
ThHI MR L. -, FBEE Y Y MG FP32 &
MU BF16 #fITA6ZLTRI—U IR ARELRY
FP16 LV bl 72h Z LA L. LaL, BEEH 7
E'y h® BF16 TIXHOREEI L BN D FHIEIC
K oTHK LW —ARNFIELT-.

A% OFELE LT PCG EORTLELLIA OMER % LT
BREHEOBH A5 2 5. £72, FP64 1787 — & &Kk
FENCZE M DAL FIEITOWTHREE L7228, (FP16, BF16)
T — X [FP32 JRFR A EERTLEE DO AL FIEIC DWW T
ITHEILO LIS D Stochastic rounding[14]72 £ D ALD F LDz
FEZATV L D BN R N RIRASERTLEL OIS 2 BT

BE AUTRIIRH IR R A B & - BEIFIE(C) GREEE 5
22K12053) DB HZ 1T F L=, Z OWFJECIL JAEA 2384t
9% SGIS600 DFHHE Y Y —A%&fEHLE L



LB 2T TE
IPSJ SIG Technical Report

B35 X Hk

[1] E. Carson, N.J. Higham, “A new analysis of iterative refinement
and its application to accurate solution of ill-conditioned sparse
linear systems,” SIAM Journal on Scientific Computing,2017,vol.
39,n0. 6,pp. A2834-A2856.

[2] A. Haidar,S. Tomov,J. Dongarra et al., “Harnessing gpu tensor
cores for fast fp16 arithmetic to speed up mixed-precision iterative
refinement solvers,” in SC18: International Conference for High
Performance Computing,Networking,Storage and Analysis,
2018,pp. 603-613.

[3] S.Kudo,K. Nitadori,T. Ina etal., “Implementation and numerical
techniques for one eflop/s hpl-ai benchmark on fugaku,” in 2020
IEEE/ACM 11th Workshop on Latest Advances in Scalable
Algorithms for Large-Scale Systems (ScalA),2020,pp. 69-76.

[4] H. Anzt,J. Dongarra,G. Flegar etal., “Adaptive precision in
block-jacobi preconditioning for iterative sparse linear system
solvers,” Concurrency and Computation: Practice and
Experience,2019,vol. 31,no0. 6,p. e4460, e4460 cpe.4460.

[5] T.A. Davis and Y. Hu, “The university of florida sparse matrix
collection,” ACM Trans. Math. Softw.,Dec. 2011,vol. 38,no0. 1.

[6] T.Ichimura,K. Fujita,T. Yamaguchi et al., “A fast scalable implicit
solver for nonlinear time-evolution earthquake city problem on
lowordered unstructured finite elements with artificial intelligence
and transprecision computing,”  in Proceedings of the
International Conference for High Performance
Computing,Networking,Storage,and Analysis,ser. SC ~ 18. IEEE
Press,2018.

[71 Y. Idomura,T. Ina,Y. Ali etal., “Acceleration of fusion plasma
turbulence simulations using the mixed-precision communication-
avoiding krylov method,” in SC20: International Conference for
High Performance Computing,Networking,Storage and
Analysis,2020,pp. 1-13.

[8] E.C. Carson, “Communication-avoiding krylov subspace
methods in theory and practice,” Ph.D. dissertation,University of
California,Berkeley,2015.

[9] Y. Saad,Iterative Methods for Sparse Linear Systems,2nd ed.
Philadelphia,PA,USA: Society for Industrial and Applied
Mathematics,2003.

[10] Takuya Ina,Yasuhiro Idomura,Toshiyuki Imamura,Susumu
Yamashita,Naoyuki Onodera: Iterative methods with mixed-
precision preconditioning for ill-conditioned linear systems in
multiphase CFD simulations. in 2021 IEEE/ACM 12th Workshop
on Latest Advances in Scalable Algorithms for Large-Scale
Systems (ScalA21), 2021,p1-8

[11] S. Yamashita,T. Ina,Y. Idomura,and H. Yoshida, “A numerical
simulation method for molten material behavior in nuclear
reactors,” Nuclear Engineering and Design,2017,vol. 322,pp.
301 - 312.

[12] Y. Ali,N. Onodera,Y. Idomura et al., “Gpu acceleration of
communication avoiding chebyshev basis conjugate gradient
solver for multiphase cfd simulations,” in 2019 IEEE/ACM 10th
Workshop on Latest Advances in Scalable Algorithms for Large-
Scale Systems (ScalA),2019,pp. 1-8.

[13] T. Shimokawabe,T. Aoki,C. Muroi et al., “An 80-fold
speedup,15.0 tflops full gpu acceleration of non-hydrostatic
weather model asuca production code,” in SC ’ 10: Proceedings
of the 2010 ACM/IEEE International Conference for High
Performance Computing,Networking,Storage and
Analysis,2010,pp. 1-11.

[14] S. Gupta, A. Agrawal, K. Gopalakrishnan, P. Narayanan,” Deep
Learning with Limited Numerical Precision”,Proceedings of the
32nd International Conference on Machine Learning, 2015, PMLR
37:1737-1746.

(©2022 Information Processing Society of Japan

Vol.2022-HPC-185 No.26
2022/7/29



