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Introduction OpenMP vs std::par Usage

There is a significant expansion in the variety of hardware architectures these ~ //With OpenMP we need to map data to device explicitly

years, including different GPUs and other specialized computing accelerators.  #Ppragma omp target enter data map(to: data[0:N]) 1.0 - VDA A0 (Rermutter) _ 2l AMD Ryzen CFU 48 hyperthreads, 24 cores)
For better performance portability, various programming models are //With std::par, we don't need to map data explicitly — gz:::ﬁf:ffz;;a — EE:H:Z VR
developed across those computing systems, including Kokkos, SYCL, //OpenMP uses directive to modify for loop 0.8 - — ul Toparnuer L0
OpenMP, and others. Among these programming models, the C++ standard ~ #Pragma omp teams distribute parallel for ... 10 -

parallelism (std::par) has gained considerable attention within the for(..., ..., ...) _ 06- = ql

community. lts inclusion as a part of the C++ standard library underscores / /std::par use lambda functor combined with std::algorithm E E

its significance and potential impact, and it is also supported on AMD GPU / /like for_each, transform, reduce, ... e S

recently. std::for_each(std::execution::par, data, data+N, .

As part of the High Energy Physics Center for Computational Excellence J(T& ele) {...}); 0.2 1 2

(HEP-CCE) project, we investigate if and how std::par may be suitable for //With OpenMP we need to map data from device explicitly -

experimental HEP workflows with some representative use cases. One of #pragma omp target enter data map(from: data|0:N]) 00 2l DepoTransform  FFT Rasterzation  scatteradd © otal DepoTransform fmeteraation  scameradd
such use cases is the Liquid Argon Time Projection Chamber (LArTPC) //With std::par, we don't need to map data explicitly Kernel Kerne

Figure 1: Running time with different compiler using OpenMP / std::par on Permultter NVIDIA-A100 GPU and multicore CPU.

simulation which is essential for LArTPC detector design, validation and Currently we have not solved the compatible issue on AMD GPU.

data analysis. Following our earlier work of using Kokkos, OpenMP, and Implementation detail

SYCL to port LArTPC simulations module, we are going to present the
following topics: 1). How std::par is currently supported on different
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m We use the idea of Countinglterator to allow for o

archltectu res and com pller’ and com pa rlson W|th Other programn“n g modelS, |ndeX‘based aCCGSS tO arrayS . . ' Trh r:{::f‘;_kernel_agent oid thrust-cuda_cub-core: kemel_agent<thrust-cuda cubs_parallel for-FarallelForAgent<thrust:cuda_cubsfor each f<float * thrust-detailzwrapped function<main-[iambd... Opt|m|zat| on | S t O Cr eat e th e ObJ e Ct on
2). Lesson learned from optimizing kernels with std::par; 3). Advantages and m [ hree of the functions in LArTPC simulation are not e ~ GPU instead of CPU so that we don't
.. : : : ' : | Supported: RNG, FFT, and atomic add for ﬂoating - CUDA H 000001990 - —-———————-— = _ _ - - need to perform data movement. When a
d Isa dva n ta ges Of u SI n g Std : : pa r In portl n g LA rT P C SI m u Iat I O n a n d Ot h e r H E P n u m be rS 'ji;%;:; void thr ist-cuda_cub <thrust::cuda_cub:for_eac oc:_normal_iterator=float *, std: f, std:all... Std VeCtor O Dj eCt iS C reated’ it Wi ” a Uto_
roegrams. - . . ' ;;:Ji:j::; dem — e matic a | |y create the d ata on C P U, Wh | Ch
Prog mFFT: We wrap over FFTW on CPU and cufft/rocfft on GPU e later introduces unnecessary page migra-
m RNG: We implement our own header-only RNG library that works on - Thead | | tion. Because of that, we recommend us-
C++ standard parallelism (std::par) both CPU and NVIDIA/AMD GPU Figure 2: The kernel/data movement trace of a simple axpy-like kernel, where o raw pointers with malloc for data that

. . . . data are initialized on GPU. Top: Use raw pointer with malloc to allocate R GPU

m Atomic operations: We properly convert floating point numbers to memory. Bottom: Use std::vector to allocate memory. are Initializea on :

mstd::execution::parallel (std::par) was first introduced in C+-+17, and it is integer type and invoke std :: atomic<int> on CPU (which will cause AMD GPU: first look Future plan
part of the C+—+ standard, which means it will have good backward performance loss), and wrap cuda/hip atomic functions '

Tt m Some of the algorithms need to be modified as they are not ~ ere, we test the performance of the rocm-stdpar implementation on m Test and Port to Intel GPU
Compatlblhty. Supported by s%d“par y AMD GPU by comparing It Wlth OpenMP, using three representatlve [] Experiment on the effect Of
m Its semantics are more similar to Kokkos/SYCL, which uses lambda 2 Two layers of para.l.lelism s loop collapsing kernels: an axpy-like kernel (A), a reduction kernel (B), and a )E(NACK on AI\/IhD GhPU
- ot - - | computationally costly kernel (C). These three kernels all have different m Experiment with other
expression as the functor, than directive-based programming models like m Parallel reduction inside a parallel loop — serialize either one of the perfcl)erance bgltﬂeneZkS. (©) imglementation of std::par
OpenMP. parallelism layers based on actual performance. For these experiments, we set HSA XNACK=1 and compile without
m |t introduces execution policies for STL algorithms that allow parallel m Different from other programming models, std::par does ——hipstdpar—interpose—alloc tlag.
(multicore, GPU, S||\/|D) optimizations, which guarantees portability. not have many hyper-parameters to be fine-tuned (e_g_,
m C++ does not provide explicit memory movement functionalities, so its number of blocks/threads) ; l’qMD Mi2>0 {Frontier) https://github.com /GKNB /test-
_ : . - _ _ B OpenMP-amdclang:rocm-5.3.0 _ _
memory model relies on the vendor's unified memory support. m When compiling with nve++ and running on NVIDIA GPU, | = saparciangi8.1.c , benchmark-OpenMP-RNG
mIn 2020, NVIDIA introduced a compiler (nvc++), which enabled the latest compiler might not work correctly. We find that https://github.com /GKNB /Wire-
execution of parallel execution policies on NVIDIA GPUs. It automatically nvc+-+ with version > 23.1 fails to compile our project. cell-gen-stdpar )

. . . . . 30 1 3 Lin, Meifeng, et al. " Portable
migrates the dynamic memory, e.g., memory allocated by malloc and Also, we need to rebuild the library and its dependency 5 >rogramming Model Exploration
std::vector via page fault. using nvc+-+, otherwise we will have runtime errors. s for LArTPC Simulation in a
C v : " i - ud E 201 Heterogeneous Computing

m Currently, it supports more compilers/architecture combinations, including Environment: OpenMP vs.
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