Advances in Applied Mathematics BIF #2438, 2020, 9(12), 2228-2235 Hans X
Published Online December 2020 in Hans. http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2020.912260

3
Y
=

ARED S ALTHEME T ERBERHGTHIE
R R B S A

BRER, BRE, EiPET

Y st S R K2R IRE ) TRERe, Jba
B[S0 [N 2 G = T |
Email: "whhmath@buaa.edu.cn

Weks HiH: 2020411 H21H; FHER: 20204F12 H20H; KA HA: 20204E12 H28H

=

A0 N THRE M 28 75 15 (ANN) SR A 0 75 2 REAT TR0, B TR RBEREERE
RE2JTE(FDM)ZEAT T HXY, BEEMERASIIGRBOEFEN SR, ANNJTTIET DA HARXTBOE
HIBEM, EFZEEDUE SN E SEE R, FRABERER N TBIE. B4@dLagaris K&
PARSFEROREAT T AT SR, ERAHES T ERBERENR, BE&RBUNENGREES
YORABR B /N5 AT AR, TS RN T R G RN . LA XU i —4EBurgers i /2
AT TRERBEL00RVIZRIRE)E, ExIERELEEHRIE T ESEH —SHRWNBIT.

XA

ANTHEMBEE, WigsTEEER, BUERBREE, BiERE, NRH

Comparison and Qualitative Analysis of
Solutions of Partial Differential Equations
by Finite Difference Method and Artificial
Neural Network Method

Tuyuan Yin!, Dasheng Wei!, Haihui Wang?2*

'School of Energy and Power Engineering, Beihang University, Beijing
?School of Mathematics, Beihang University, Beijing
Email: "whhmath@buaa.edu.cn

Received: Nov. 21%, 2020; accepted: Dec. 20", 2020; published: Dec. 28", 2020

TEAEH .

SCEGI O BUENR, BOEE, EHE. AR5 N TR LT ISR AT 20 J7 REAR R R PR HT ). R H
B, 2020, 9(12): 2228-2235. DOI: 10.12677/aam.2020.912260


http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2020.912260
https://doi.org/10.12677/aam.2020.912260
http://www.hanspub.org

IR 2%

Abstract

In this paper, the artificial neural network (ANN) method for solving partial differential equations
is studied. The specific equation is selected and the solution accuracy is compared with the clas-
sical finite element FDM method. Finally, when the sample and training times are selected prop-
erly, the ANN method can get relatively high numerical solution, but it needs to select the appro-
priate weight and activation function, and modify the existing activation function. The specific im-
plementation is to analyze and discuss the numerical solution of partial differential equation by
using ANN through the early lagaris published literature recalculation calculation, and reveal
more detailed calculation and solution precautions. Finally, it is concluded that the smaller the
iteration gradient after weight training times is, the closer it is to the finite element result, and the
change of activation function has little influence on the calculation result. In addition, the
two-dimensional hyperbolic Burgers equation is solved in steady state, but the unsteady state and
dissipation need further study.
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Figure 1. (a) Solution flow of FDM method; (b) ANN solution process; (c) ANN process; (d) ANN method weighting
process

1. (a) FDM F3EK#ERA2; (b) ANN 7535KBERAZ2; (c) ANNIRAZ; (d) ANN £ s2
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Figure 2. (a) FDM method to solve the numerical results; (b) ANN solution results (T = 1); (c) Solution result of ANN me-
thod (T = 10); (d) ANN solution results (T = 50); (e) Error of the solution and analytic solution of the e ANN method (T =
10); (f) Error of solving and analytic solution by F ANN method (T = 50)

2. (a) FDM F3EKIREELE R ; (b) ANN FF5EKRBRLEER(T = 1); (c) ANN F33ERERLEER(T = 10); (d) ANN 535K #
Z58R(T =50); (e) ANN 75K EMBIRMEKARIRE(T = 10, ANN F535KBRERDN); () ANN AR S BIRERR
RZE(T =50)
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Table 1. Description of ANN method parameter setting and solution results

%= 1. ANN 75328 80% 8 5K R

5 e SR 5 B R e TR SRR ZE max (Aw, )
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Figure 3. (a) Analytic solution results; (b) FDM numerical solution results; (c) ANN solution result (T = 10); (d) ANN solu-
tion results (T = 50); (e) Error of solution and analytic solution in The METHOD of E ANN (T = 10); (f) Error of solving and
analytic solution by F ANN method (T = 50)

3. (a) FRAMRRLESR; (b) FDM BUERRLER ; (c) ANN FEKBREER(T = 10); (d) ANN FIEKIRLER (T = 50); (e) ANN
FEKRBSBAEKREIRZE(T = 10); (f) ANN 535K SRR ASK RIRZE (T = 50)

7% 2 problem5 3K 2 E i B 5 45 KU

Table 2. Solution parameter setting and solution result description

2. KBSHRESRBERA

5 2851 ZHH A U R AR KR 2 max (Aw,)
1 FDM - 0.03s le-3 -
2 ANN(T = 1) 0.03s 0.2~0.3 0.87
YILHE w, =Lw,_ =0
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Figure 4. (a) Analytic solution image; (b) ANN solution results (T = 10); (c) ANN solution results (T = 100); (d) ANN solu-
tion and analytic solution residue (T = 100)
[ 4. (a) MEMTRREIR; (b) ANN F33EKBRZER(T = 10); (c) ANN F3EKERLE R (T = 100); (d) ANN AR R S gt fg
%2 (T = 100)
Burgers XU /5 FE S HOR B 5 R E R AL 3.

Table 3. Parameter setting of the solution method and description of the solution results
3. RFFESHINESKRIFLER KA

Fr5 ES ZH 5 R HU SR AR 17 R RZE max (Aw, )
1 ANN(T = 1) 0.03s 0.3~0.6 0.9
WIgHE w, =1Lw,, =0
2 ANN(T =50) . 0.5s 0.05~0.2 0.23
wWp +b>0,AW <g O<g <1, Bk
3 ANN(T = 100) 3s 0.01~0.08 0.05
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Figure 5. (a) ANN solution process; (b) Weight function solution process correction; (c) Is the relationship between training

times and solution time; (d) Comparison of solution time

[ 5. (a) ANN KFRZRAZ; (b) WMERECKMRIIRIZIE; () WERESKMETEXFR; (d) KAFREIELE

Table 4. ANN solving steps
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AR ES
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