Advances in Applied Mathematics N %223, 2024, 13(6), 2742-2752 Hans )0
Published Online June 2024 in Hans. https://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2024.136263

B EE RN RERENLTT =

ER?, ZEAY, £ R RPWY
R MR R R 2B, TLIE A
PRATER B A S P R T S MRS B e, TION

Weks H . 20244F5 240 FHEM: 20244F6 190 KA HM: 20244F6H26H

R

Arnoldi-Tikhonov /7 ¥ /& 3R ff X AR 2 BN & & 8] B i — i B 7 2 s AR IE 4L 3%, H HArnoldi
Btk 4Krylov T 258, BXHE4EHE A TikhonovIE WAL MG IRF IENALAR . 1B B TR TFZ RS
B, ENBNERNSRRE. N TECEENARE, 2CEIEM—NMEF R ARG B K%E
FZEERY EKrylov T2, #H T REAEEBAE E B —MY BT ERERENMTE. %
HEBEEY BArmoldiZE G MEY B T2 E, FHRi&TikhonoviENk, MWMIRBEMRIEN L. 342
HEH, RKArREZ S Arnoldi-TikhonovE T T BUE LIS HE, BESREAE T FriREEN
.

K §EiA

TikhonoviEN{k, Arnoldiidfg, ¥ B F=0E, KrylovTZ[d]

The Enriched Iterative Regularization
Method for Discrete Il11-Posed Problems

Hongbo Kuang!2, Zhengsheng Wang!2*, Le Li12, Mengying Wul:2

!School of Mathematics, Nanjing University of Aeronautics and Astronautics, Nanjing Jiangsu
2Key Laboratory of Mathematical Modelling and High Performance Computing of Air Vehicles (NUAA), MIIT,
Nanjing Jiangsu

Received: May 24", 2024; accepted: Jun. 19", 2024; published: Jun. 26", 2024

Abstract

Arnoldi-Tikhonov method is one of the often used Krylov subspace iterative regularization me-
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thods for solving large scale discrete ill-posed problems. It generates the Krylov subspace through
Arnoldi process and gets the regularized solution through applying Tikhonov regularization me-
thod to the projected small problem. However, due to the information deficiency of the dimension
reduced subspace, the regularized solution by Arnoldi-Tikhonv method sometimes is not as good
as expected. In order to improve the regularized solution, an enriched subspace iterative regula-
rization method is proposed in this paper. The proposed new method enriches the Krylov sub-
space by adding a special subspace that holds some specific prior information. Numerical experi-
ments are carried out. The numerical results show that the proposed method is more effective
than the Arnoldi-Tikhonov method.
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Algorithm 1. Enriched Arnoldi algorithm
BiE 1 R Amoldi B3

1) #EV, =b/|b|,

Vo=[]. B[], G= AW, k=L

0
B
2) @i Arnoldi Rk HEARH v, B AV, =V, B G, HbV, =[Vov,.] Bk{ “ x};
0 x

G,
(k+1)x p
3) ITH G, { MAW } R

4) JBILV,, 0 AW, BT RREERC AL, TRV, e R™P ;
5) iH5 F =V AW, e R”" ;
Bk Gk Vk+1
Lo R - A
7) 38X =[V, W, ]y¥

8) EIEIRBUE B ERINAFIE, B4k =k +1FFEEIPIR 2

6) I fE /N I A B min 5!%1 FfE vt

M HCRSLE, ISR Armoldi SLEFTERIARE W,V GoRl FGHEATHISMGTISL, (R T34%
B 2 ) W, 4R, B AT TR T LA 20 A

DOI: 10.12677/aam.2024.136263 2745 IR Esid


https://doi.org/10.12677/aam.2024.136263

EH 55

3. ¥ Arnoldi IEREN L E

AATAAYE Arnoldi Hy2: A1 Tikhonov IENUAL, 45 H9 & Amoldi 1E 4k 5%
T Arnoldi 5%, 53

-4 B G
A[Vk YWp:| = |:Vk+1’vk ]|: Ok Fk } :
k

et figis N EIRRE(2), REATIESHALER 5 45 2 40 Rk ] il -

2

Bk Gk Vk-l;l
yg'k‘) =argmin || 0 Foly-|V. |b (3)
AV AW, 0

2
Jerpy W St R
xg:) = [Vk ,Wp] yg:) .

T TARLE T 2 ) B/ — 3 ] s ] Tikhonv 1E ALY, SscBl 74 8 72 R B IE AL A2
KFPEVERIRALE T —ZiBidd & Arnoldi HiEIRAG BARHE S BRI LE T 10, SEOL s 4R
AN MOE R R DU Oy REHEH IE S E A, BdE w2 JE B [14],  L-l 2k ) [15]-[17]
PAKG T LA SUBGHIE T V[ 18] 55 o« ARSI ) A8 I8 AIE 7 VKA N IE A 2 8 (¥ 1k B 73 [19]

T, Y E Amoldi IE AR (G 2) ik

Algorithm 2. Enriched Arnoldi regularization algorithm
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Table 1. Comparing the relative errors of the two algorithms of the first case
in example 1
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Figure 1. The regular solution obtained by A-T algorithm of the first case in
example 1
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Figure 2. The regular solution obtained by E-A-T algorithm of the first case
in example 1
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Table 2. Comparing the relative errors of the two algorithms of the second
case in example 1
F 2. Bl 1 B ZMER DA EEENRERET
% A-T 5% E-A-T 5i%
FHXS R ZE 1.6747e-01 1.7762e-02

009 T T T T T T T T T
exact solution
0.08 gev

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0
0 100 200 300 400 500 600 700 800 900 1000

Figure 3. The regular solution obtained by A-T algorithm of the second case
in example 1
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Figure 4. The regular solution obtained by E-A-T algorithm of the second
case in example 1
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Figure 5. The regular solution obtained by A-T algorithm in example 2
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Figure 6. The regular solution obtained by E-A-T algorithm in example 2
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Figure 7. The regular solution obtained by A-T algorithm in example 3
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Figure 8. The regular solution obtained by E-A-T algorithm in example 3
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Table 4. Comparing the relative errors of the two algorithms in example 3
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