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Radiation from spatislly
distributed light source
(ART method)

Radiation from spot light
source (ARGOT method)
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cuda_mem([idev].segment_dev = sycl::malloc_device<struct
ray_segment>(nseg_to_dev[idev], sycl_gpu->strm_queue[idev]);

sycl_gpu->strm_queue[idev].submit([&](sycl::handler& h) {
h.memcpy(cuda_mem([idev].segment_dev, seg+offset_seg[idev],

sizeof(struct ray_segment)*nseg_to_dev[idev]);

1;

sycl_gpu->strm_queue[idev].wait();

memcpy (CPU -> GPU)
;Al/'hile(nseg_waiting >0){

dim3 nthrd(nthread, 1, 1);
dim3 nblck(nblock, 1, 1);

[ sycl_gpu->strm_queue[idev].submit([&](sycl::handler& h) { )
h.interop_task([=](sycl::interop_handler ih) {
// Call the CUDA kernel directly from SYCL
calc_optical_depth_kernel<<<nblck, nthrd, 0>>>
(cuda_mem([idev].mesh_dev, cuda_mem([idev].segment_dev,
cuda_meml[idev].this_run_dey, offset);
I
-] Y,
sycl_gpu->strm_queue[idev].wait(); CUDA kernel launched

}
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include <CL/sycl.hpp>
#include <Cl/opencl.h>

void dpcpp_fpga_art(

sycl:kerel sycl_pe_kernel_7(ocl_pe_kernels(7], sycl_context);

of the que:

// Construct SYCL ve
sy

alloc_device<struct radiat iesh_fpga>(MESH_SIZE,
{
 sizeof(struct radiation_mesh_fpga)*MESH_SIZE);

memcpy (CPU -> FPGA)

0
/11 1t _x0_y0_z
sycl_pe_queue_1.submit([&](sycl::handler &h) {
h.set_args(..);
h.single_task(sycl_pe_kernel_1);

I X1yl a1
sycl_pe_queue_7.submit([&](:
h.set_args(...)

set_args(..);
h.single_task(sycl_pe_kernel_7);

L W J

e OpenCL kernel launched

(sycl::handler &h) {

// wait for all kerne:
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~

~
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S mes. v el memcpy (FPGA -> CPU) |

0 11 DPC++0000 OpenCLOODOODOOOOO

0OARTOO0OO0O0O0OOOOOOOOOOOOOODOO
coo0O00000000O00OD00000000A0 clang++
O00000D0oneAPI DPC++00000O0O OSSO OO
DPC++0 OpenCL OO DO OO0O0DOCOOOOODOCUDA
ooooooooooooooooocubAOOOOO
OO OpenCLOOOOOOOO0O0O0O0OOOODODOOO
00000000000 (0 12000)0 DPC+4+000
coboooooooocooboooooobooobooooo
000000 GPUO FPGAOOOOODOOOOOO
0000000000 oooOrpPGAOOOODOOODOO
aocx O O Intel FPGA SDK for the OpenCL[18] D OO O
coooOoooboocooboooboooo

5. 0DO0OO0

5.1 0000

Odbo0obooooboooboooboobooobooooa
CHARMOIOOOOOOOOOO Pre-PACS-X (PPX) O
ddodoooooobobobobobobobooo 20000004a
dbobOo3gboboboboooooooobooboo
000200 Intel Xeon Gold 6242 CPUO1 0O NVIDIA
V100 GPU(Gen3 x16)00 00 100 Intel FPGA PAC
D005 0 000000D00O0O0O0O0ODO0O00O0O0ODO PCI
Gend xl6OOOODOCPUDOOODOOOODO

© 2022 Information Processing Society of Japan

Vol.2022-HPC-183 No.12
2022/3/17

7~te: CUDA+OpenCLA —XJLZDPC++H' 5
HOE T e lcihER d— REn

Header files
Sctoross CUDA
- - Librar

include | yarso)

k‘:"" clang++
P

argot.cu

J host g clhost.
+ ry o

clhost.cc

E
5
=

include | svcL Openc
P ——) Librar L
 ——— y Library
-I Cars0) Cas0)
for OpenCL &
SYCL(DPC++)
Source file For FPGA

artel | | Offine | e | it —»G —>‘ aocx
Compiler Quartus

012 OOOOOOooo

02 0000

gboooobogo

CPU Intel®) Xeon®) Gold 6242 x 2

GPU NVIDIA Tesla V100
(PClIe Gen3 x 16 card version)

FPGA Intel FPGA PAC D5005
(Intel Stratix 10 SX)
gooooooo
Host OS CentOS 7.9

Linux Kernel Version 3.10.0-1160.15.2.el7.x86_64

oneAPI data parallel C++
compiler [23] (commitID: 6e9ddb6)

Compiler

MPI Open MPI 4.0.3

CUDA Toolkit 10.2.89
Intel FPGA SDK for OpenCL
2021.2.0 Build 268.1 Pro edition

Accelerator Platforms

00000 oSSO0 CentOS7.9000 DoneAPIO O OO
ARGOT O 000 oneAPI Data Parallel C++0 0000
0000000000000 000000D00 CUDA Toolkit
10280 000000ART OO FPGAO OO OpenCL O
00000000 Intel FPGA SDK for OpenCL, version
2021.2.0 Build 268.1 Pro edition 00O D0OOD0OODODOO
goboo0ooobboooobobobuooboouooogoo
000000000000 0ARGOTODOO MPIOO
gdbodobobobobooboobouoobobooboon
O000000ooDooO OpenMPI4.030000000
goboooobooboboooog

5.2 ARGOTOODOOOODOOO

0130000000 32200000000 CPUOGPUO
FPGAOOOOOOOOODODODOOODOODODOOODO
booooooooooooOoooboOooooooooobooon



gooooooood
IPSJ SIG Technical Report

[

= ARGOT
ART
= Others

-

N ™

Execution time [s]
(3]

w

T

ARGOTI(GPU) ARGOT(GPU)
ART(FPGA) f CUDA ART(FPGA) /
+ OpenCL oneAPI

ARGOT(CPU)
ART(CPU)

ARGOT(GPU)
ART(GPU)

013 00000 3220000 CPUOGPUOFPGADDOOOO
0000000 ARGOTODODODO

03 00000 3220000 CUDA+OpenCL 00000
oneAPI 00000 ARGOTOOOOODOO

oo ARGOT [s] | ART [s] | Others [s]
CUDA + OpenCL | O 0.362 0 0 0.170 | O 0.0782
oneAPI 003750 0 0.170 | O 0.0734

goboobobooboooboo
¢ ARGOT(CPU) ART(CPU)DARGOT OO OO ART
0000 cCpPUOODOOOOOCPUODODOOLO
0O Xeon CPUDOO 160000000000000
e ARGOT(GPU) ART(GPU)JARGOT OO OO ART
O000 GPUODOODODOOO GPUDOODOOO
CUDAOOOOOONVIDIAVIOODOODOOOO
e ARGOT(GPU) ART(FPGA)/CUDA+OpenCIOAR-
GOTOO GPUOOODOOOARTOO FPGAOOO
000000000000 CHARMODODOOO
gooo
e ARGOT(GPU) ART(FPGA)/oneAPIDARGOT OO
GPUODODODODARTOO FPGAODODOODO
oneAPIOD DO OO CHARMODOUODOOOOOOOO
OOOCUDA+OpenCLOOOOO oneAPIOOOOODO
ooboodoboboboboobboooboobo 3booon
0 1B30000000CPUDOOOODOOOO ARTO
O00000O0thers 000000 OODODODOOO Others
ODO0OO0DARGOTOO ARTOOOOOOOOOOOOoOoQ
goboooooobboooobobbooooobooo
00000O00DbO0o0DOO00ODbOo0obOoboboGPUODO
Jd000do0O0oOobOoOoboOobobooGpUDOOODOODO
0000000000000 OthersOOOOOODOOO
goooooo
Others0 GPUOOOOOOODODOOOOOOOART
00000 GPUDDOODOOODOOODOOODOO 130
OO0 ARTODO CPUO OO ARTOO GPUDOOOO
oobdd12000b000b0ooboboboobooos.2
OO000D00O000ARTOODOGPUOOOOOO SIMD

© 2022 Information Processing Society of Japan

Vol.2022-HPC-183 No.12
2022/3/17

ART WARGOT mOthers

Execution time [s]

ARGOT(GPU)
ART(FPGA) / oneAPI

ARGOT(GPU)
ART(FPGA) / CUDA + OpenCL

async oneAPI

014 000003220000 ARGOTOOOOODDDOOOO
ooo

obooooobooooooocoboobooooooboOooo
oopoooooooGgpUOOOOO CUDAOOOOOO
uobooooboboooooboocoooooOooboooo
000000000000 1300 FPGAOOOOO ART
oo0oo0oooGgpUOOOOOOCOOOODOOOODOO
O00o0oooorFpGAODOOOOOOODOOOOOO
ARTOOODO0OOO0DARTOOOOOOOOOOOOO
oobooooobooooooboocoooooooobooboooo
ubooooooobooooooboOoboooocobooboooon
000000000000000 3220000FPGADD
0O ARTOOGPUODOO ARTOOOOO 18700000
ooooooo

000 CHARMOOOOOODO CUDA+OpenCL OO
O00D oneAPIOOODODOOOOOODOoOneAPIDDOO
O0o0O0 1.5%00000000000DPC++0000
0000000 CUDADODOO OpenCLOOOOOODOO
ooboooooboooooboooooooooboooo
uoboooooooooo

ARGOTOOODOOO ARGOTOO ARTOOOOO
0000000000000 00o0oneAPIODO Queue 00O
O00000O000ooo0o0ooGPUOODO FPGADDO
Queve 0000 OpenMPOOOOOOODOOCOOOO
00000000000000000000000 3220
ubOoooOoobooOoooOoobOOobocbOOob0 140000
ooboooooooocooboooooooooboooon
ooob0O1400000000000000 1300000
oboooboooooooooboOoocooobobooon
ARTOOOO0OOOO ARGOTOOOOOOOOOOOO
00000000 GPUOOOARGOTOOO FPGADOO
OARTOOODOOOOOODOOOCOOODO 13800000
ooboogo

6. OO0

O0000OoneAPIO OO0 GPUOFPGA OO ARGOT
oboobOoobOOoobOOoobOOoOobOOobOOoobOOooon
oboocoOoocooooooOoobOooboooboboOooo



gooooooood
IPSJ SIG Technical Report

O0OO0O0OO CUDACDDO OpenCLODODOOOODOODOO
oobpC++00000000000O0OOOODODODODOO
OOoneAPIOD DO OO0 GPUOFPGA OO ARGOT OO
OO0O0OO0OO0OOoOO0OoOOoOOoOoOoCUDA+OpenCLODOODODO
ARGOTOOOOODOOODOUOOOODOODUOOODOOOO
O00O00O00000000000ooOoUU oneAPIO
goooooOoooOoOoOoOoOoOoOoOoOoOoOoOoOooOooo
O00000OGPUD FPGAOOOOODOOODOOOOOO
oooo0o0ooooooooooooooo

O0OO0OO0OoneAPIODODO GPUD FPGAOOOOOO
goooOoOoOoOoOoOoOoOoOoOoOoOoOoOoOoOooOooooo
O00000O0O0O0O0OO0OD00OO0O0 API (Quene) D0OOO
gooooOoOoOoOoOoOooOoOoOoOoOoOoOoOooooooo
goooOoOoOoOoOoOoOoOOo HPCOOOOOOOOGPU
O FPGAOOOODODODODDO CHARMOOOOOOO
o0o000o0oooD0oOoooObOOoUooooooOooooo

00 0D00o00o0omouopooooooooooo
Oo0o0o0oo0oopDo0oo0ooUooooooooooo
Oo000o0ooooooooooooooooJspsonO
21H04869 D0 0O ODOOODOOOOODODOOODOODO
O O O Intel University ProgramO0 0000000000
0000000000000 D0O0000OIntelDOOODO
oooooog

oooo

[1] November 2021 — TOP500 Supercomputer Sites
https://www.top500.0rg/lists/top500/2021/11/

[2] NVIDIA A100 GPU. https://www.nvidia.com/en-us/
data-center/a100/

[3] Intel Stratix 10 FPGA. https://www.intel.com/
content/www/us/en/products/details/fpga/stratix/
10.html

[4] OpenACC. https://www.openacc.org/

[5] Omni Compiler Project. https://omni-compiler.org/
index.html

[6] S. Lee, J. Kim and J. S. Vetter, ?OpenACC to FPGA:
A Framework for Directive-Based High-Performance Re-
configurable Computing,” 2016 IEEE International Paral-
lel and Distributed Processing Symposium (IPDPS), 2016,
pp- 544-554, doi: 10.1109/TPDPS.2016.28.

[7] Ryuta Tsunashima, Ryohei Kobayashi, Norihisa Fujita,
Taisuke Boku, Seyong Lee, Jeffrey S. Vetter, Hitoshi Murai,
Masahiro Nakao, Mitsuhisa Sato: OpenACC unified pro-
gramming environment for GPU and FPGA multi-hybrid
acceleration, HLPP 2020 Proceedings, HLPP 2020, (2020)

[8] 000000000000 D0DO0ODO0O0OD00DO0OOLee
Seyong[ Vetter Jeffreyd 0 0 0 00 00 00GPU-FPGA O
goooboobooooboobobooboboobobooDo
00000002019-HPC-172.

[9] oneAPI https://www.oneapi.com/

[10] Data Parallel C++ (DPC++).
https://www.intel.com/content/www/us/en/develop/
documentation/oneapi-programming-guide/top/
oneapi-programming-model/data-parallel-c-dpc.
html

[11] Kuen Hung Tsoi and Wayne Luk. 2010. Axel: A

© 2022 Information Processing Society of Japan

Vol.2022-HPC-183 No.12
2022/3/17

Heterogeneous Cluster with FPGAs and GPUs. In Pro-
ceedings of the 18th Annual ACM/SIGDA International
Symposium on Field Programmable Gate Arrays (Mon-
terey, California, USA) (FPGA’ 10). Association for
Computing Machinery, New York, NY, USA, 115-124.
https://doi.org/10.1145/1723112.1723134

[12] Marfa Angélica Davila Guzmdn, Ratl Nozal, Rubén
Gran Tejero, Maria Villarroya-Gaudé, Dario Sudrez Gra-
cia, and Jose Luis Bosque. 2019. Cooperative CPU,
GPU, and FPGA Heterogeneous Execution with En-
gineCL. J. Supercomput. 75, 3 (March 2019), 1732-1746.
https://doi.org/10.1007/s11227-019-02768-y

[13] Kobayashi Ryohei, Fujita Norihisa, Yamaguchi Yoshiki,
Boku Taisuke, Yoshikawa, K., Abe, M. and Umemura,
M.: Accelerating Radiative Transfer Simulation with GPU-
FPGA Cooperative Computation, 2020 IEEE 31st Interna-
tional Conference on Application-specific Systems, Archi-
tectures and Processors (ASAP), pp. 9-16 (online), DOI:
10.1109/ASAP49362.2020.00011 (2020)

[14] Takashi Okamoto, Kohji Yoshikawa, Masayuki
Umemura, ARGOT: accelerated radiative transfer on
grids using oct-tree, Monthly Notices of the Royal
Astronomical Society, Volume 419, Issue 4, February
2012, Pages 2855-2866, https://doi.org/10.1111/j.1365-
2966.2011.19927.x

[15] Satoshi Tanaka, Kohji Yoshikawa, Takashi Okamoto,
Kenji Hasegawa, A new ray-tracing scheme for 3D
diffuse radiation transfer on highly parallel archi-
tectures, Publications of the Astronomical Society
of Japan, Volume 67, Issue 4, August 2015, 62,
https://doi.org/10.1093/pasj/psv027

[16] Norihisa Fujita, Ryohei Kobayashi, Yoshiki Yam-
aguchi, Yuma Oobata, Taisuke Boku, Makito Abe,
Kohji Yoshikawa, and Masayuki Umemura. 2018. Ac-
celerating Space Radiative Transfer on FPGA using
OpenCL. In Proceedings of the 9th International Sym-
posium on Highly-Efficient Accelerators and Reconfig-
urable Technologies (HEART 2018). Association for Com-
puting Machinery, New York, NY, USA, Article 6, 1-7.
DOLhttps://doi.org/10.1145/3241793.3241799

[I77 OO0 00,00 00,00 00,0 O0OOoneAPIOO
00 GPUOFPGADODODODODOODODODODODOOOOODOO
0000o0o,00000000004d, 2021-HPC-180.

[18] Overview: Intel FPGA SDK for OpenCL.
https://www.intel.com/content/www/us/en/
software/programmable/sdk-for-opencl/overview.
html

[19] Intel  oneAPI  Base  Toolkit  System  Re-
quirements, https://software.intel.com/
content/www/us/en/develop/articles/
intel-oneapi-base-toolkit-system-requirements.
html

[20] oneAPI for CUDA,
solutions/oneapi/for-cuda/

[21] SYCL Specification. https://www.khronos.org/sycl/

[22] oneAPI Data Parallel C++ compiler (0 00 00O
0), https://software.intel.com/content/www/us/
en/develop/tools/oneapi/components/dpc-compiler.
html

[23] oneAPI Data Parallel C++ compiler (OSS O ), https:
//github.com/intel/11lvm

https://codeplay.com/



