Advances in Applied Mathematics & 28t g, 2017, 6(2), 114-126 Hans X
Published Online March 2017 in Hans. http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2017.62013

A Finite Difference Parallel Scheme Based on
MPI Implementation for Fourth Order
Parabolic Equations

Yuyang Gao, Haiming Gu

Qingdao University of Science and Technology, Qingdao Shandong
Email: crazy3435@163.com, gum@qust.edu.cn

Received: Feb. 27", 2017; accepted: Mar. 18", 2017; published: Mar. 21%, 2017

Abstract

Parallel computing can save a lot of time in the field of large-scale scientific computing. In this pa-
per, the main idea is that a finite difference parallel scheme for fourth order parabolic equations.
The scheme is constructed by Saul’yev asymmetric difference schemes which called the four-point
scheme. It's one explicit difference scheme, the computational domain can be divided into a num-
ber of large areas; each sub-region computes themselves, and the parallel scheme is uncondition-
ally stable. Then, the paper focuses on the numerical calculation of the four-point scheme in MPI
parallel environment. Two different MPI parallel algorithms are constructed, one is blocking com-
munication (wait communication) mode, and the other is non-blocking communication (non-wait
communication) mode. These two parallel algorithms both better than serial algorithm to calcu-
late numerical solutions use four-point scheme, and the non-blocking communication mode is
higher computational than the other, because the wait time in non-blocking communication mode
is less than blocking communication mode.
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Figure 1. Points of four-point method
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Table 1. The step of blocking communication mode
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MPI_Send(void* buf, intcount, MPI_Datatype, intdestination, inttag, MPI_Comm comm)

MPI_Recv(void* buf, int count, MPI_Datatype, int source, int tag, MPI_Comm comm,
MPI_Status*status)
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MPI_lIsend(void* buf, int count, MPI_Datatype, int destmatlon, int tag, MPI_Comm comm,
MPI1_Request*request)

MPI_Irecv(void* buf, int count, MPI_Datatype, int source, int tag, MPI_Comm comm,
MPI_Request*request)

MPI_Waitall(int count, MPI_Request*request, MPI_Status*status)

4. BUEHITHE

N T BAIE S R AL B AR AR e M SR ZE I L, DLOIEAT R MR SO VR FEUEIZ 5. X5 R
(1), HEAIEKLE, u®(X)=sinx AVIME, ShiF, Q)RR u(x,t)=e"sinx.

% 3 N h=mn/403 Frdh H FIEALRR S iR ZE 1 DL, EN AAHXHRZE, t=01Nm&T
AT

IR M EE A AR AE ACER XU WU R THE ML, ALFRAS i3-2350M AT IHATIHE, & XA
BT S B0 40002, IFA]E N 2000, AR At =5x107, £FRH AR BRI, RIS TE 1L 2, 4.

(=)

/Ty




R, B

—_—— I B

T

%

process0 \L{(y

Figure 2. Communication mode of GEL

[# 2. GEL BT EE

process1

[T T T T |

==
process0 % processl
[
[
[
[
[
[
[
|
Figure 3. Communication mode of GER
[& 3. GER &R &
I
I
[
I
|
I
\
- A ~r f N ——
| GER
— —
- ! GEL
>l
—_— | —
processl

processO M

Figure 4. Communication mode of AGE

4. AGE tg @it &

|
I
|
I
|
|
|
i



R,

Table 2. The step of non-blocking communication mode
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Table 3. The comparison of exact solution and approximate solution
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1 0.07053 0.07023 0.00031 4.34677
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203 9.04730 9.04019 0.04561 5.04158
243 8.57855 8.53531 0.04325 5.04139
283 7.28243 7.24570 0.03673 5.04308
323 5.28394 5.25727 0.02667 5.04770
363 2.77583 2.76185 0.01398 5.03600
402 0.07053 0.07018 0.00035 4.95515
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Table 4. The executive time of 4 processes in blocking and non-blocking communication mode (sec.)
= 4. 4 HIZAERE S A ERERNNIZF S BT B LB (R AL/FD)

0 BERE 1 HETE 2 BERE 3 BANERE
AGE PH 281l A5 BT S ] 58.505 58.968 61.701 65.237
AGE [t 2838 {5 1 2 IR i) 81.389 81.360 81.358 81.359
AGE R HEFEZ ST I ] 220.363
AGE EBH 2838 (5 205 i) 64.990 63.319 66.774 63.720
AGE FEBH 28385 H 20 s I (8] 76.650 76.709 76.741 76.675
AGE kBl 2838 (5 85 A5 a5 I 1] 10.529 11.895 7.635 8.703

Table 5. The executive time of 2 processes in blocking and non-blocking communication mode for AGE scheme (sec.)

5. AGE &XT 2 #IZF EBESEEEBFERAZF T E 8 LB (R 4/F)

A PH 28 A A A e 1] T [H] (e naptling
PHZE3815 0 S EfE Nan 114.011 121.827
FHEEE(E 1 5 e Nan 119.580 121.828
JEBHZEIE(E 0 5 HERE 0.4858 112.353 113.167
JEPHZEESE 1 St 0.4295 112.446 113.206
Table 6. The executive time of 8 processes in blocking communication mode for AGE scheme (sec.)
= 6. AGE 18X\ T 8 HIZFAEBIFIEF iz HAT 8] (R {L/ED)
R 0 HERE 1 HERE 2 HERE 3 HERE 4 R 5 R 6 HERE 7
THEI ] 35.182 31.825 29.418 33.193 35.810 35.380 37.449 34.668
FEFETH e 71.437 71.439 71.434 71.433 71.448 71.442 71.416 71.388

Table 7. The executive time of 8 processes in non-blocking communication mode for AGE scheme (sec.)

= 7. AGE 1T 8 #i2IEME BB IFIEFFE E 8] (B L /7))

HEFE 0 BERE 1 BERE 2 HEFE 3 HEFE 4 BEIE 5 BEIE 6 B 7
A A 1) 28.775 25.150 32.126 18.025 32.614 19.151 36.485 32.107
5w 38.148 39.938 35.049 45.287 33.652 40.086 30.537 35.573
FEFArit 68.250 68.235 68.217 68.226 68.261 68.276 68.261 68.245
Table 8. Comparison of the parallel efficiency in different processes
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2 AR PH 2L 5 121.828 1.81 0.905
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4 FEFERH 2EE S 81.389 271 0.678
4 SRR 2 76.741 2.87 0.716
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Figure 5. The executive time of single process and 4 processes of AGE
blocking communication program
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