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A new radiation simulation software toolkit, MPEXS
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Radiation simulation is widely used to quantitatively evaluate the effects
of radiation in all fields dealing with radiation. However, all of the existing code systems have a
problem of the long execution time. We have started to develop a software toolkit named MPEXS to
perform massively parallel calculations on GPUs, thereby significantly reducing the computation
time. In this research, we have extended MPEXS to add new functionalities necessary for estimating
nuclear reactions, neutron reactions, and the effects of radiation on cells making the software
application to a wider range of cases.
As the results, the performance equivalent to more than 200 cores of CPU was obtained with a single
GPU for proton therapy simulation already. MPEXS-DNA, a CUDA version of Geant4-DNA, achieved the
performance equivalent to 9000 CPU cores in calculation time with a single GPU. MPEXS-DNA is
expected to be applied as a tool for estimating the effects of radiation on more complex biological
systems.

GPGPU



30eV 30MeV
X
Geant4 KEK,SLAC, C++ 1994 6,919
CERN
PHITS RIST, JAEA FORTRA 2003 645
N
FLUKA | INFN FORTRA 1962 2,159
N
EGS KEK, SLAC FORTRA 1985 3,688
N
MCNP Los Alamos FORTRA 1977 6,739
N
Scopas 2021 6
MPI
Geant4
HPC
HPC
CUDA GPU GPGPU
Geant4
MPEXS GPU native
Xeon Phi

A)




2013 — 2016)

MPEXS
MPEXS
GPU
CENBG(Centre d'Etudes Nucléaires de Bordeaux-Gradignan)
Geant4-DNA(http://geant4-dna.org) Geant4
CUDA MPEXS MPEXS-DNA
Geant4-DNA MPEXS-DNA
MPEXS
Geant4 MPEXS
MPEXS
GPU
MPEXS
Geant4 CUDA
MPEXS-DNA Geant4-DNA
CENBG
GPU GPU
MPEXS  Geant4
10cm 20MeV 6MV 18MV (X ) 100cm
Geantd  MPEXS
1 5mm, Smm, 2mm
Geant4 Intel Xeon Gold 6132
PC GPU NVIDIA RTX3090
GPU MPEXS Intel

Xeon 700



¢ ~,
)
P
5x5x2mm voxel o 1 ]
; l‘\ e- 20 MeV -
electron/x-ray beam E i ]
- 10x10cm - “ Depth (cm)
SSD: 100 cm f \\\ .
~__ ]
Water Phantom X-ray 6 MY ]
2 1
Electron
20 MeV 2.2276 1419.98 x637.4
X-ray 6 MV 5.4607 3826.94 x700.8
X-ray 18 MV 4.7363 3218.08 X679.5
1,000,,‘_ — Geant4 102.3 i B = [ [— Geanta 1023
[ |— mpexs ] 10000 —M:’:;(S - 3
8000:— * Measured data H { E Ty —
I— E
I T
3 200MeV, 150MeV
GPU1 Xeon CPUU 230
MPEXS
MPEXS-DNA G-value
Genat4-DNA G-value
100eV

GPU1 Xeon CPUU 9,300



‘OH
7 b3
5
[
E 4
©
2
o3
—— Geantd-DNA (ver 10.7, SBS) o
== MPEXS-DNA (SBS w/ FastMode)
21 o (CalllaVerne1991, DOI10.1021/11001610044

x| (Cal)Stabin1994, DOI:10.1093/oxfordjournals.rpd.a082196
1977, DOI:10.1021/j;
14 v (ExplLaveme2000: Radiat Research 153(2):196:200
®  (Cal)Tomital997: DOI:10.1007/5004110050061
&  (Exp)Pachnerova2015, DOI:10.1093/rpd/ncv159
(Exp)Elomar

103 104 10°

Time (ps)

100 10t 107

5 G-Value

Throughput

(#histories / min.) 4.23

Speedup Factor
(MPEXS / Geant4)

Medical Physics
Medical Physics
CUDA

native

MPEXS

106

N

q
x
v H
i
o +
+
u
by n

—Geant4-DNA (ver 10.7, SBS) % $-X3 L]
= MPEXS-DNA ($BS w/ FastMode) v "(

® (Cal)LaVernel991, DOI:10.1021/j100161a044 [ ]
X (Cal)Stabin1994, DOI:10.1093/0xfordjournals.rpd.a082196 .
®(Ca)Tomital997: DOI:10.1007/5004110050061

+ 1976, DOI:10.1021/j 1

v (Exp)jonah1973, DOI:10.1021/j1006342004

*  (Exp)Butxton1972, DOI:10.1098/rspa.1972.0065

A (Cal)Pimblott1997, DOI:10.1021/jp970637d

(Exp)Shiraishi1988: DOI10.1021/j100321a061

& (Exp)Muroya

$  (Exp)Sumiyoshi

& (Exp)Wolff

10° 10t 102 103 104 10° 106

Time (ps)

39432.6

x9,322

https://doi.org/10.1002/mp.13370
Top Download Award 2018-2019

CUDA GPU

MPEXS




Okada Shogo Murakami Koichi Incerti Sebastien Amako Katsuya Sasaki Takashi 46

MPEXS-DNA, a new GPU-based Monte Carlo simulator for track structures and radiation chemistry 2019
at subcellular scale

Medical Physics 1483 1500

DOl
10.1002/mp. 13370

Geant4 2017

59-68

DOl

12 3 3

GPU

117

2018

A GPU-based Monte Carlo simulator “ MPEXS” and its extension (keynote)

The Third Geant4 International User Conference at the Physics-Medicine-Biology frontier

2018




Geant4-DNA

2018

Design and expected performance of GPU-based full Monte Carlo dose calculation system for proton therapy

World Congress on Medical Physics and Biomedical Engineering 2018 (1UPESM2018)

2018

N. Henderson, S. Okada, et al.

Fast GPU Monte Carlo Simulation for Radiotherapy, DNA lonization and Beyond

GPU Technology Conference Silicon Valley 2017

2017

S. Okada, et al.

MPEXS Pascal

GPU Technology Conference Japan 2017

2017




S. Okada, et al.

GPGPU MPEXS-DNA

65

2017

C. Omachi, et al.

Clinical uses of Geant4 and a new GPU Monte Carlo simulation system in proton therapy

Particle Therapy Co-operative Group (PTCOG) 57th Annual Conference, Cincinnati, US, 2018 May

2018

S. Okada et al.

Optimization of GPU-based Monte Carlo simulator for radiation physics at DNA scale

The 37th JSST Annual International Conference on Simulation Technology, Muroran Institute of Technology, 2018 September

2018

S. Okada et al.

Quantitative estimation of biological effects after irradiation by MPEXS-DNA

4th Geant4 School & Monte Carlo Workshop for Radiotherapy, Imaging and Radiation Protection 2-8 December, 2019, Wollongong,
Australia

2019




Y. Chen et al.

GPU acceleration of Monte Carlo dose calculation for proton therapy

4th Geant4 School & Monte Carlo Workshop for Radiotherapy, Imaging and Radiation Protection 2-8 December, 2019, Wollongong,
Australia

2019

Geant4-DNA

2019

MPEXS Project
https://wiki .kek.jp/display/mpexs/MPEXS+Project

(Murakami Koichi)

(10353369) (82118)




(Kurashige Hisaya)

(20205181) (14501)
(Yamashita Tomohiro)

(20567086) (14501)
(Omachi Chihiro)

(20588967) (23903)
(Aso Tsukasa)

(30290737) (53203)
(Toshito Toshiyuki)

(30377965) (23903)
(Okada Shogo)

(40731732) (82118)
(Tanaka Satoshi)

(60251980) (34315)
(Kimura Akinori)

(60373099) (32201)




(Koi Tatsumi)

(60831774) (33910)
(0zaki Masanobu)
(90300699) (82645)




