» Latest member of QCD PArallel Compute Engine (QPACE) series
> Fujitsu PRIMEHPC FX700 series
> Deployed June 2020 at Regensburg University
» 64 Fujitsu A64FX CPUs (48 cores each, 1.8 GHz)
> 512-bit Arm Scalable Vector Extension (SVE)
> 177/354 TFlop/s peak in double/single precision (DP/SP)
> 2048 GB HBM2 memory total

> InfiniBand EDR interconnect (100 Gbit/s)
» Open-source software stack

----------------

> CentOS Stream 8, GCC 10.1, OpenMPI 4.0
> GlusterFS parallel filesystem

> Grid Lattice QCD framework [1]

> Grid Python Toolkit (GPT) [2]

A64FX
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» Standard benchmark for memory throughput evaluation
» Ncoe > 12: data throughput scales with number of cores in use

» Benchmark data throughput: up to 625 GB/s 600 |

800 1

» (Caches implement write-back policy

GB/s

400

> Write Allocation (WA): cache block load from memory on write miss

> WA causes extra traffic and thus reduces effective memory throughput 200
> Including WA traffic, data throughput is up to 835 GB/s

stream benchmark (GCC 10.1 auto-vectorization)

Copy (a[:] =bl[:])
Copy (incl. WA) 835 GB/s
Scale (a[:] = const - b[:]) g g -t
Scale (incl. WA)

Add (a[:] =b[:] + c[:])

Add (incl. WA) "
Triad (a[:] = b[:] + const - ¢[:])

Triad (incl. WA) "

* ® m 4 » VvV A o

> Alternatin

> Hardware support for processing complex numbers

g re/im parts layout (RIRI)

» Arm C Language Extensions (ACLE) provide access to SVE vector types and SVE instructions in C/C++
» We use ACLE to implement Grld s lower-level functions

» Hand-optimized Wilson Dslash and Domain Wall kernels using ACLE and RIRI layout
» Available in upstream Grid develop branch (configure --enable-simd=A64FX)

Independent SU(3) matrix multiplication z = x X y on each lattice site 0,
» Well suited for compiler testing azs
» GCC 10.1: up to ~ 300 GFlop/s DP (800 GB/s)
> GCC 10.2 and 11.1 achieve same performance T
» clang/LLVM compilers underperform (incl. clang/LLVM 12.0) 1;’2
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Benchmark su3: mac(z,x,y) on L* lattice
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» Performance-relevant part of Domain Wall Dirac operator, same source code as Wilson Dslash (L; = 1)
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» Specialization for A64FX (--dslash-asm): manual instruction scheduling and software prefetching using ACLE
» GCC 10.1 and 10.2 achieve best performance, outperforming other compilers (incl. clang/LLVM 12.0 and GCC 11.1)

Benchmark wilson (GCC 10.1)
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Benchmark dwf, Ly = 16 (GCC 10.1)
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Domain Wall kernel: RRII vs. RIRI on QPACE 4 (GCC 10.1)
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» Collaboration with Erlangen University (FAU), Germany 25 e o
> We extended GridBench [3] to support the A64FX [4] m:: I
> Performance study of Domain Wall kernel on Fugaku (single node): 2
alternative data layout separating re/im parts (RRIl) outperforms RIRI 5w . o
> Details will be published in [5], preprint available 500 e
» QPACE 4 single node: RRIIl outperforms RIRI up to ~ 20% Zi - -
» RRII currently not supported by Grid (future work) S
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» Fujitsu A64FX achieves outstanding performance for Lattice QCD applications
» GCC 10.1 and 10.2 achieve best overall performance

» Other compilers underperform (incl. clang/LLVM 12.0 and GCC 11.1)
» Alternative layout of complex numbers is beneficial on A64FX, but yet to be integrated into Grid (future work)
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