C++ Standard Parallelism for GPU Programming
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C++ Standard Parallelism, also known as “StdPar”, offers a Parallel Particle Projection wrr?iT; Th?t?s:ccow(i;th 83&2‘2?;5;::“;;; :IrZee O::anroves y 44%, o084 osr 174 58" 65 502157
CH vendor-independent parallel programming model, originally ¢ While all kernels introduce programming challenges, the primary . The limited acceleration in Stdpar i roimparil dlte ‘o the
sindad paratesn iNtroduced for CPUs, and now extended to GPUs. difficulty stems from ensuring atomic reductions. projection kernel, where atomlioc redupctions tzlse global-scope
. . . * Each particle is handled by 3 GPU.thread. o| © Threads GPU memory, an inefficient pattern on GPUs. o
Does the C++17 Standard Parallelism model provide an effective « Concurrent accesses to shared grid cells o o ) _ _
SN * Therefore, we aim to focus our results on analyzing the behavior

balance between Performance, Portability, and Productivity when may occur. X\/ Ya\va ,

used on a single GPU for large-scale plasma physics simulations? > Atomic operations are needed to protect o <t of this kernel.
. P P O Particles per cell study : Projection operator across GPU architectures

memory. = Lower is better

C++ Standard Parallelism ... but they can negatively impact performance

double *Jx = patch.vector.get raw pointer(device);
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C++17 introduced high-level parallelism with four execution policies that
specify how code may be executed :

On AMD GPUs, Stdpar shows consistently higher execution
times across all kernels, not just projection.

Main loop slowdown : 10 ns/particle on MI300A vs 0.8 ns on
NVIDIA V100.

MI300A improves overall performance for Thrust UVYM and
Stdpar, but some issues persist.

UVM remains unstable: Kokkos shows instability in the first

std::for_each(std::execution::par_unseq, counting iterator(9),
> seq sequential execution (default) counting_iterator(n_particles), [=](int ip) {
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> par has potential for parallel execution, par_unseq for parallel o atomicAdd(&Jx[..],e« * Ixpl); atomicAdd(&Ix[..], B * Ixp2);

and vectorized execution and unseq for vectorized execution (C++20)

These policies are used with standard algorithms such as : for_each, kokkos: :View<double***, Kokkos::Atomic> Jx =Jxs;
transform, reduce, transform reduce, sort, count, fill ..
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[ J

(1)Université Paris-Saclay, UVSQ, CNRS, CEA, Maison de la Simulation, Gif-sur-Yvette, France

Kokkos::parallel for(n_particles,KOKKOS LAMBDA(const int ip) { C NVIDIAVIOO  NVIDIA A100  NVIDIA HL00  NVIDIAGH200 kernel, and Stdpar has issues across all four kernels.
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C-|h-+ gsslumes a Lfnlfled ;ngrory model, but CPUs and QPUS have dISt‘Ifr']C(tj b, IX (g ornye) += o * IXpLl; IX(eyey.) += B * IxXp2; Limited projection kernel improvement makes it a bottleneck, Conclusion
p. ysical memories. To facilitate GPU support, NVIDIA introduced Unifie KoI,<k05° fence(); limiting hardware upgrade benefits.
Virtual Memory (UVM) [1], a heterogeneous memory management i g : .
" I | q 4 by AMD _ _ _ _ _ AMD GPUs* Depends on your goal and use case, but this approach offers:
system that was later also adopted by : In C++, just add an execution policy, no need to rewrite the algorithm! Particles per cell study : main loop time across GPU architectures J Strengths X Limitations
Unified Virtual Memory With Kokkos, you need to adapt both data structures and parallel loops. — ] . Accessible to non-experts . Limited optimization for
c
o * No major rewrite of experts
Results 2 102- o mal P .
g existing C++ code  CPU model not suited for
* Interpolation, Pusher, and Maxwell Solver account for only 10-25% g ] * Portable across GPUs GPU architecture
of the total runtime, justifying a focus on the Projection kernel, . (NVIDIA & AMD) e Execution policy
System GPU Unifed memory which dominates across all models. ® 1014 * High performance for simple  implementation depends on
memaor memaor . . . - . = . .
! .  The comparison is performed with 134 million particles. 5 loops compiler developers
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MiniPIC * Percentages indicate speedup relative to NVIDIA V100 and AMD v = Potential for further improvement
MI250 (e.g., +33% means 33% faster than V100 or MI250 baseline; - Fut K
. icle-in- ini- icati _ ) uture wor
Particle-in-Cell (.PIC) mini appllcat!on [2] 20% means 20% slower). i} AMD MI250X (Baseline] AMD MIZ00A
 Goal: Explore different programming models (SYCL, Thrust, Kokkos, NVIDIA GPUs * g ¢ AMD MI250 shows poor UVM handling, impacting Stdpar and
OpenMP Target and OpenACC) Bmm Stdpar  EEE Thrust B Thrust+UVM Bl Sycl Bl Kokkos WM Kokkos+UVM Q0 Thrust UVM performance_ » Understand performance gaps between Stdpar and Thrust
 Structure : PIC loop with separate kernels for each physics operator Particles per cell study : main loop time across GPU architectures * MI300 shows noticeable improvement; however, this gain is > Ana.lyz.e perform:?mce.: variability across different AMD GPUs
7 1.4 - mostly due to MI250’s weak UVM performance > Optimize the Projection kernel
Interpolation Pusher Projection Maxwell Solver £ y ' > Rewrite the entire mini-application using CUDA
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* On newer GPUs, execution time decreases, but Stdpar shows

* CUDA 12.2.1 with nvc++ 23.7 for NVIDIA V100, A100, and H100 GPUs
é 1'6 3'2 6'4 1i8 25')6 5i2 8 1'6 3'2 6'4 12.8 256 512 * CUDA 12.3 with nvc++ 24.1 for the GH200
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