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Bridge++ 2.0: Benchmark Result on Supercomputer Fugaku

Tatsumi Aoyama (U. of Tokyo), Issaku Kanamori (RIKEN), Kazuyuki Kanaya (U. of Tuskuba), Hideo Matsufuru (KEK), Yusuke Namekawa (Hiroshima U.) and Keigo Nitadori (RIKEN)
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Bridge++ code set

C++ object oriented framework

Portable, easy to read, and extendable keeping reasonable performance

Standard fermions, HMC, some measurements with test suite
Version 1.0 release: 2009 new architectures have appeared since then

Extended to flexible data layout : version 2.0 (“alternative”)

-SIMD version for AVX-512

|.K and H.Matsufuru, EPJ Web Conf 175 (2018) 09002; Lecture Notes in Computer Science, vol 10962 (2018) 456.

-GPU version with OpenACC
-yet another SIMD version for A64FX (Fugaku, etc.)

Y.Akahoshi et al.

J.Phys.Conf.Ser. 2207 (2022) 1, 012053

Fugaku

RIKEN Center for Computational Science (R-CCS), Kobe, Japan
the same place as K-computer
No. 2 of the Top 500

(No.1 in Jun.2020-Nov.2021)

Peak: 488 PFlops (2.0 GHz)
with 158,976 nodes

CPU: A64FX, 3,072 GFlops,
32GB HBM on chip
48+2(or 4) cores

Interconnect: TofuD

https://www.r-ccs.riken.jp/en/fugaku/

Code tuning for Fugaku

T. Aoyama, |.K,, K. Kanaya, H. Matsufuru and Y. Namekawa, PoS LATTICE2022 (2023) 284.
|.K., K. Nitadori and H. Matsufuru, HPCASIA-Workshop 2023 [d0i:10.1145/3581576.3581610], to appear.
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Weak scaling of Dirac Operator Multiplications Weak scaling of solvers
Wilson mult: weak scaling Clover mult: weak scaling Staggered mult: weak scaling Domainwall mult (DdagD): weak scaling Clover BiCGStab solver: weak scaling Domainwall CG solver: weak scaling
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Strong scaling of Dirac Operator Multiplications
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nodes (4 MPI proc./node)

Wilson

Wilson mult: strong scaling, lattice=64x64x64x64
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Staggered

Staggered mult: strong scaling, lattice=64x64x64x64
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Fujitsu C/C++ compiler version 4.8.1 tcsds-1.2.36, clang mode
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Clover

Clover mult: strong scaling, lattice=64x64x64x64
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Domainwall mult (DdagD): strong scaling, lattice=64x64x64x64
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Multigrid Solver

2-level multigrid solver for Clover fermion
K-I. Ishikawa et al. PoS LATTICE2021(2022) 278

outer: FBiCGStab

elapsed time to solve 1 equation [sec.]
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SIMD tiling
1 node @2.0 GHz

mult of Dirac operators: double prec. [2.0 GHZ]
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option: -Kfast -Rpass-missed=inline -mllvm -inline-threshold=1000

env. variables: FLIB_BARRIER=HARD
XOS_MMM_L PAGING POLICY=demand:demand:demand

64x16x16x8 lattice on 1x1x2x2 MPI porc.
MPI boundary comm. is forced to every directions

(default on Fugaku, though)

Acknowledgments: This work is supported by JSPS KAKENHI (JP20K03961, JP21K03553), the MEXT as "Program for Promoting Researches on the Supercomputer

Fugaku' (Simulation for basic science: from fundamental laws of particles to creation of nuclei, JPMXP1020200105) and

"Priority Issue 9 to be Tackled by Using the

Post-K Computer' (Elucidation of The Fundamental Laws and Evolution of the Universe), and Joint Institute for Computational Fundamental Science (JICFuS). Some
parts of the code development were performed on the supercomputer "Flow' at Information Technology Center, Nagoya University, and Wisteria/BDEC-01 Odyssey
provided by Multidisciplinary Cooperative Research Program in Center for Computational Sciences, University of Tsukuba.

Fugaku




