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Abstract The three-dimensional numerical Magnetohydrodynamics (MHD) simulation is one of

the methods to study the corona and solar wind. Comparison of the Polarization Brightness (PB)

in the low corona between simulation results and observation is important to validate the MHD

models. Because of the massive data and the complexity of the PB model, the computation will

take too much time on single CPU (or core), and can not visualize the PB in nearly real time, so

that it affects the validation efficiency of numerical modeling. A new parallelized model based on

CPU/GPU with Compute Unified Device Architecture (CUDA) to convert MHD simulation density

to PB is presented in this paper. Aiming at the most time-consuming part of the serial PB model, it

modifies the model from serial process to parallel process based on CUDA to improve its computation

efficiency. It shows that the new model can speed up 31.86 times than the serial model based on
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CPU, and is able to compare the simulation with observation in nearly real time.

Key words Coronal polarization brightness, Graphic Processing Unit (GPU), Compute Unified

Device Architecture (CUDA)
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Fig. 1 Density integral process of PB calculation

(B is the observation point, P is a point on

the plane of sky, O is the solar center, and ρ is

the distance from the solar center to the line of sight)

2.L12.S [3–4] 4N�, 42 × 42 × 82

(r, θ, ϕ) #-5&).&!/,2:&! ((4,

1 Rs < r < 23 Rs), CO)+(3/ 321 × 321

(−4 Rs � y � 4 Rs, −4 Rs � z � 4 Rs) #�./ PB

,&!. K)+O=4, >H 1 JK, >�F O ,P
;,&'; B 8�F O #BG'E, xQ,�./J
KD/, Oyz ./, PH 960× 320× 320 (−12 Rs �
x � 12 Rs, −4 Rs � y � 4 Rs, −4 Rs � z � 4 Rs) #
RF0MTIS1.. /�./?J); P , L BP

'E (IG'E) /-5*7+., I$ (1) JC1
�, :>+,�./LQ;#*7+.,.

3!RT CPU BNU:=8>

U/2.#2:&!, K CPU L#@!)+�



1234: 56 CPU/GPU 789:;<=>?@ABC 53

#OV>H 2 JK.

DE 1 6! MHD &,�%?@#-5&)
.&!#$C, 4K)+3J'#L8��.

DE 2 ()+WL#-5&).&!P-L
8.

DE 3 QV*-5&).#�0M1.WX,

6!RYMKS0MTD#ZX, �5�./, ?P
H 960 × 320 × 320 #RF0MTIS1..

DE 4 6! PB )+,$, LIG'EJ!*
7+.C41+�./L$1.;# PB,. KSO
=4,?=PV-5&).#�0M1.�?�./
�5#RF0M1.T%))/Y#, UZ�5RF
0M1.$;KP�0M4#ZX,JVW,)+R
F0MLIGL$;#-5&)..

DE 5 6!)+>&#?@,S[>��*7
+.H.

6!L[ PB @!)+#=, K)\H]T/
\ (KX Intel�Xeon� CPU, E5405, 2.00GHz (2

CPUs, 8 Cores), 1 GB L8) � Windows Visual Stu-

dio 2005 #2:76D, U1 CPU )+#?@M=
X 1. GX 1 :>N,, PB ,)+Y4]=^F_
!3�# 99.05%. HS, (:,1236- PB #4
#, `^OV 4 / PB ,)+Y4#3�%74U(
#. ?=K PB)+Y44L&';8�./$;#
IG'EL#C4)+O=%(VZH#, IO�6
)+# PB 8(_6)+#,3�Pa(%QT,H
S, W`+71?!)+'$/SabJ!1#>

M 2 PB 

�����
Fig. 2 Serial process of PB calculation
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Table 1 Each step time and its their percentage

of total time in PB serial calculation model
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Fig. 4 Relationship among the memory

models in CUDA
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Fig. 5 Parallel process of PB calculation
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Table 4 PB calculation time of three models

and speedup of parallel models
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Fig. 6 Coronal polarization brightness image calculated

by experimental data
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