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Abstract: Based on the corrected finite pointset method (CFPM) with CPU-GPU heteroid parallelization (CFPM-GPU), a
high-efficiency, accurate and fast parallel algorithm was developed for the high-dimensional phase separation phenomena
governed by the multi-component Cahn-Hilliard (C-H) equation in complex domains. The proposed parallel algorithm with
the CFPM-GPU was built in a process like: (D introduce the Wendland weight function into the discretization of the finite
pointset method (FPM) scheme for the 1st/2nd spatial derivatives, based on the Taylor series and the weighted least square

concept; @ use the above FPM scheme twice to approximate the 4th spatial derivative in the C-H equation, which is called
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the CFPM method; 3 for the first time establish an accelerating parallel algorithm for the CFPM with local matrices by
means of a single GPU card based on the CUDA programming. Two benchmark problems of 2D radially and 3D
spherically symmetric C-H equations were first solved to test the accuracy and high-efficiency of the proposed CFPM-GPU,
and the acceleration ratio of the GPU parallelization to the single CPU computation is about 160. Subsequently, the
proposed CFPM-GPU was used to predict the 2D/3D multi-phase separation phenomena in complex domains, and the
prediction was compared with other numerical results. The numerical results show that, the proposed CFPM-GPU is valid

and high-efficiency to simulate the 2D/3D multi-phase separation cases in complex domains.

Key words: FPM scheme; 3D multi-phase separation; multi-component Cahn-Hilliard; GPU parallelization
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Fig. 2 The 3D spherical shells obtained with the CFPM-GPU: (a) =0; (b) =1.192

3.3 GPU FHATEEMNE L 5347
FRIASCEET CUDA [ERAS GPU FHATHIE R A, ¥ L5 514 CPU M B T Rl E A X L, ¢
T GPU JFAT7 IR 55 2 U PERES AL 2.2 /TS ARBIIFAT L BRCR, R 3.2 /N7 =4k C-H Jr B A, I
T SIS L
Osur = Ic/tc-Gs (12)
Hrp, 1 TR PAS CPU THEIHFERIRT ], o 6T A~ CPU-GPU SR FHAT IR AFE I H], G0 AN L.
R 2.2 /N7 BOFA TR AR R TS, 75 LT IS B = SRR 0 A R SR AUb RN A 3 i SR A 21
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PAANERSY, 26 1 AN 2 0 2 7 AR s b I RE T BCAf 1) A1 A T 2% L B SR 00 9 o - 2493152
IR RN e 3 1 RIS 2 1, B 80 N, B> CPU SHERIRHE I GPU #4735 I TRl o At 2 A 2
i, {5 GPU FHATIRFE S ) 4> CPU T ), R IASET CPU-GPU S+ IFATIHH A4S CPU #4742
SRR BN, B GPU I THIL I Nk L2 160.

RO RIIAECR A R IR SN L

Table 1 The consumed computing time for the calibration of neighbor nodes under different node numbers

computing time
node number

CPU Tepyfs GPU Tgpyfs Ssur

65% 65X 65 833.55 473 176.2
129 % 129 % 129 51513.65 287.69 179.1
257 x 257 %257 3226951.32 17907.61 180.2

F2 AR EECN, AR R R AR P A T TR L

Table 2 The average computing time costs at each time step under different node numbers

computing time

node number

CPU Tepyls GPU Tgpyls Ssur
65X 65X 65 10.332 0.065 158.95
129% 129 x 129 86.311 0.539 160.13
257x 257 x 257 725.281 4525 160.28

4 Yl =Y AR R R T

N BB R BAR SCEG ) CFPM-GPU FA T3 BB AP s 4 S 2R IX I 1 A B B G (m A 23 S 15 1L
XN m + 1 78 C-H J5 ), A B 5 MM 52 2% DIk B AR 7 g 3001, oG 8 3 A 2R 5001 (1B 4
Sk A MUK D TR — AR B, BRI = AR 0 ) A 2 > = 4EFf.

4.1 ZHZASBRKEETN
BOI1 RS A RS

2 18 YR B SR 0 = {(xy)| Va2 +y2 < 0.45) 11 AR A B B4, 1R X R OE B Q = (-0.5,0.5)x
(=0.5,0.5), O AFEQH H AN X I AR R, BUEARA =T C-H BRI ia &40
[ X2 +y2—0.45]
¢3(x,y) =0.5+0.5tanh| ———— |, ¢1(x,y,0) = [1 —¢3(x,¥)][0.5 + 0.5rand(x, y)],
2V2e

$2(x,y,0) = 1= ¢1(x,¥,0) — ¢3(x, ),

Horrand(x, )R F—1 F1 1 Z BRI REPLEL. ST S N do = 1/512, BF R hydr = 1076, 32 5 5]10°H ]
A ISR = 10°de) 259, B 3 45 T LA 20 F R 8 38 - — A B B4 CFPM-GPU AU 25 5, Horp i
N ¢, L0 o, 3B 3 SRS 7 A S A 0] B (24 +=0.05) il B B T W AR A B B 4, L et [ 4iE 4 A
Sy BRI (. A SCEE S 3k [10] FR 3 A9 2 RS TS SR A A B R A — 8, R WIASC CFPM-
GPU AU T —AH 73 B G S PTRE Y (I, PR IRIAEAE 1 25 57 2 28 oh B AL B rand (x, y) 42 U0 LR (EAS 56
SIS .

B2 YRR AR B

MR — AR FAR SO AN AL 2 X I A B IS B BE ST, K SRR [10] P 2 Ik i 48 B i X
FRM St —AH 3 B Y 58 2 XA, I A B B X R = (-0.5,0.5) x (=0.5,0.5)/4. [&] 4 25 HY T 4k i 351 1
J P B Ak B ) T SRR AR A X 3k O, Il i AR Ab FE HE R Ak AR T 5 AR B R A 0 LR (A
(@ = (e, )p3(x,y) < 0.5)). BRI BEUNT : 45—, A5 10 350 1 48 B8 P 4(b) % DL 2 imi [ T 5L L, B EAR R R/ Ry
512 x 512; 25—, Hl MATLAB #h R EMQ A 4 130U — 20 BLIW RGB AR ZHHLRE, 14 2] — 1> txt SCAFHL 56
=, A SRR S AR R R BAEIEAT 0-1 TRALEE, 1530 5 —A txt SO, K EAE BRI B K B4 T T
VU, B = A AR BB ICA R C-H iR, gad 10 YaECia B B A EME I iR B, B
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HRAI U Bt 2] PREAELBR T s, LA 5 3R 1 AGARTR]. X BB IX el R B 1T 250513 x 513, )bk
dr =107, Z10°HH )5 B 25 R, [ 5 44 T CFPM-GPU FA734 B B0A8) 11t — 4k 4 2 i 350 1T 35 B el i) it £k 1)
ARSI R, P R ¢, 16 R o, 3BT K] S AT RN, A SO I RS AR AT R XA AR B R, H S
SCHK [10] W B S 25 SR a3 — B (W 77 25 5 00 B 2 R P FE T REDLEO™ A= W L (AR 78 AR, dE— 2%
] CFPM-GPU B & 2% X 35k —AH 73 B G A 5.
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B3 B AR ES IS CFPM-GPU BHbl 4t R
Fig. 3 The 2-phase separation obtained with the CFPM-GPU in the 2D disk domain

(b)

B4 k) o 1] B G i TS () i 5 (o ) At v 4R DX duk ]

Fig. 4 The 2D brain section picture and the complex brain shape domian"”: (a) the brain section picture; (b) the brain section calculation domain
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5  THEMGFIEEL E A B BG: CFPM-GPU H4l 4 R
Fig. 5 The 2-phase separation obtained with the CFPM-GPU in the 2D brain shape domain

B3 4IPS ARG

WY RGP AEEZ AL 10 — A B LA, L AN Z M5 &R — Ju gk gl 45 Hh . BRI L, A % 18
TR X 0O = (-0.5,0.5) x (-0.5,0.5) 1 B B 3 | =4 73 2 1 B 19 CFPM-GPU LA 4, XT 1 PU T C-
H RS HK . WWITIREGY &N ei(x,y.0) (= 1,2,3, SR FEH TR SPEEG + ¢y + d3 + ¢s = 1, HEIES,
Q= {(x.)pa(x,y) < 0.5), AT REHIIH KM
Va2 432 =0.35-0.1cos(76)

2V2e '

¢1(x,y,0) = [1 — ¢4(x,¥)][0.35 + 0.05rand(x, y)],

d4(x,y) =0.5+0.5tanh
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@2(x,9,0) = [1 = p4(x,y)][0.35 + 0.05rand(x, y)],

$3(x,,0) = 1 =1 (x,y,0) = ¢2(x,,0) — ha(x, y),
Hro = tan™"' (v/x) Hox # 0, BEHLErand (x, y)[F) . (EAFERL I, ¢ Flo AR 46 (B 2R 2N (], 1B e it 5 il
HHBENLE AN e Al ], HH3 P il BOR B SE T 01 Moy C-H J7 4. SRR S5 ] 22 KR
L Z10°WF ] 2B SEAR B LA AN R B 20 ) = AR B G (WLIET 6). WLEE A 6 AT 1, 7 =0.1 B 20 1 300 1 B b iy
AR BILAR, B B3 AL = 73 2 BLGUBOR A I (L0 XN 1, XN o, ZREIX IR 63), AR
T3 VEASEAUN T A ) DI = A o3 B i AR AT AR,
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B 6 —#RIEE =AM EIS CFPM-GPU Bl 4R
Fig. 6 The 3-phase separation obtained with the CFPM-GPU in the 2D star domain
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7 SHEFMALE ARG EIIA CFPM-GPU Bill4h
Fig. 7 The phase separation obtained with the CFPM-GPU in the 3D torus domain
E5 =4 Schwarz-D 1 FAH/3 2%
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BIHQ = (0,1)x (0, 1) x (0, 1) I —AH /2, Hod kA M43 B 18R 2% Schwarz-D JEIQ = {(x,y,2)|C(x,y,2) < 0}. —JG
C-H Jr A~ o35 iR IR 25 Al
C(x,y,2)
20V2e )’
¢1(x,¥,2,0) = [1 — ¢3(x,y,2)][0.5 + 0.5rand(x, y, 2)],
$2(x,y,2,0) = 1= $1(x,¥,2,0) — $3(x,y,2),

¢3(x,y,2) =0.5+ O.Stanh(

Hrp
C(x,y,z) = cos(2mx) cos(2my) cos(2nz) — sin(2nx) sin(2my) sin(2nz).

B b >R BB HICTY 550129 % 129 % 129, B LA A B A [A] 25 5580451 4 AHIR]. 18] 8 JoR T =45 7% Schwarz-

D B |- CFPM-GPU LA AH /3 B I GR, Al WL BN AR 1] +=0.01 o ight HH BB (B B AR A0 BE R, AR S8k

(EZ5 2R 5 3CHR [10] T idAd 3 B A — 2L

B8 =# Schwarz-D Xl /> B4 CFPM-GPU L5 4
Fig. 8 The phase separation obtained with the CFPM-GPU in the 3D Schwarz-D domain

WA BB 1~ 5 T4k = kA AR AR A B B4 ) CFPM-GPU 481, I 5 SCiik [10] HE 8(b) Z5 3R 1k
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