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Analysis of Methods to Estimate the Optimal Parameter
for the Regularization Using QR Factorization

TAKASHI KITAGAWAT and SUSUMU NAKATA'

Tikhonov regularization method using singular value decomposition is an effective method
for discrete ill-posed linear operator equations. In this method, a regularization parameter
which controls a properties of the solution has to be chosen properly. On the other hand, a
new regularization method using two times QR factorizations, which requires far less com-
putational cost than the singular value decomposition, has proposed. In this paper, we show
the properties of the regularized solution given by the new method and apply some methods
for choosing a good value of regularization parameters.
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Fig.1 Singular values d; and |c;| for SVD (19).
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Fig.3 L-curve in regularization method by SVD.

P21e+10

1e+08 -

1e+06 -

1le+04

1le+02 -

1e+00 - ¥¥A“\\\\\w

le-04 1e-03 1le-02 le-01 1e+00 1le+01 1e+0%
1

04 QROOOOOOOOOOOOO L-O0OO
Fig.4 L-curve in regularization method by QR
factorization.

6()\)5 ||a30793>\||
l|zoll

goboogsgdedonoooob 1020300
000 GCVOOL-000 00 Quasi-Optimal 00 O
gdoobooboobooboooooooooobooo
gooboobooooboooobooooboobboog
Oo0UoOoOooOoUd e OOO010000

0d00oQrOODOOOOOOOOODOOOODOOO
gooobooooooDoOooooooobooooono
ooooooooooa

Gévioooooooooooooooooooo
0000000000000 o 1o000b00o0o
goobboboboboobuoooooboboboobo
00o0oo0ooOooooo0oooo Gah)oooo
Joo0ooooooopoobooooobono Ao
gbdbooboooboobooboboooobobooobo
O00ooUo0Oo 10000 (2)ooo200000
0000L-000oo0O0bOO0oooooooooooo
dobooobooboDooobooOOooooon Ao
0o0o0o00oobbOooooobooooOooboooao
0 yO00000O0ODOODO G\ OODODOODOOO

Mar. 2001

le+02

e

1e+00 -

e(N)
1le-02

1e-04 |
K(A)

1e-06

1e-08 |

G(N)

1le-10 S :
1e-06 1e-05 1e-04 1e-03 1e-02 1e-01 1e+00

05 00000D00DOO0ODOO0DOOODOOODOOO0OOO0OOO0
oooo
Fig.5 Criteria for the optimal parameter and errors of the
regularized solutions in regularization method by
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Table 1  Errors of the regularized solutions.
SVD QR

e(Xo) 3.37 x 1072 3.45 x 1072

GCV 3.51 x 1072 4.23 x 1072

L-curve 4.28 x 1072 3.75 x 1072
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