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Abstract

To deal with noisy data, recently Tikhonov regularized approximation
polynomial and its error estimates have been derived. Based on the already
derived Lo error bound and the uniform error bound, this thesis first quan-
tifies certain terms in these two error bounds to give the quantified Lo error
bound and the uniform error bound. By these two error estimates it is also
explained that the regularization parameter contained in the Tikhonov regular-
ized approximation polynomial can reduce noise. Therefore, the regularization
parameter in this formula are also selected in this thesis. Two methods are
used to select the regularization parameter, which are the balancing principle
and the Brezinski-Rodriguez—Seatzu estimators. Numerical experiments show
that the regularization parameter selected by the two methods is effective,
that is, it can reduce noise to some extent. Finally, the numerical stabil-
ity of the Tikhonov regularized modified Lagrange interpolation formula and
the Tikhonov regularized barycentric interpolation formula are investigated.
The analysis in this thesis concludes that both Tikhonov regularized interpo-
lation formulae are forward stable, of which the Tikhonov regularized modified
Lagrange interpolation formula is still backward stable. The numerical exper-
iments also verify the theoretical results of the numerical stability of these two

interpolation formulae.

Keywords: Tikhonov regularization, parameter choice strategy,
numerical stability, balancing principle,

Brezinski-Rodriguez—Seatzu estimators
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[Uozn1f = flloo < clog LI f — fleo + . (2.19)

He e =15 L TRMHEH.

[FREH, #4(2.17) 208 (2.19) R ATxF b, B 5 E H(2.17) XA 5 =TH
KT, RSB — DU IR E AR I T . B —B0R E IR
Wi BHIE AL S50 \ Sk R =5 2

2.3 ARE/NE

AT E SR 1SR (1] AR R I A R 2 Y Ly R ZEE A
TR —BORZ AT SRJEX I Ly IREF—ZORZE S PIA N REIRITIRZE
WOHAT R, b, ATIEX T i R IE WAL AU 2 B — BoR 2= 5
M Ay BEATE. )5, ARG 7 EAR RS SR IE N L2 5
) Ly RZEM—BURZERHER . HR@EE N = 0, AR 1IN 1 Ly 7%
AR Z RIEA, ATt B 1 i e R IR AL 3 Bl 2 i (1.5)
FIIENIfE 2% X e B
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FET e PR U R I D A 3 2 ) I D e S B B i A e PR T

3. FHEXRENLAIENZIIES
i HY

AR SR F WA T2 BOE I 25, 43 5l 2~ i U] 281 P& Brezinski-
Rodriguez—Seatzu(BRS) fili t17422 251, P4 J5 ) {1 {5 FH 75 22 2 A Jon i g 75 7K
F, {HZ& BRS fitHEANTRE,

3.1 FEREN

HHOCHR [11) 25 5.3 1550, 35 W R 1R WAk e 238 £ Ao 5 22 iy A PR B 4 ik
7, —Eb R R SE A M SR Y, IR EINN IR TR PR I S iR
Zo IENACSEGBOR, KRN J— Rz g dnEin sl iEn, H
SRR, IENMESHGBOR, X iR ZElok . P4 ] At e AE X
iR 72 Z B S — AP AT G R e N IHIEFXS AT IR R, BRI B -~
1 0]

9 7 AT P2 DR U B (1.5) St R AL S 40 A, R E M MR . &
€ = leg, €1, .., en|T € RV H |l€]loe = max; |6]. K ||f — floo = |l€]lco- X
R K e B R AT, AR Xy B R S RV IR
[FR KR o b FREIgI R E B (f), Bk L 28K, H(2.2)50nT LUk
EL(f) < |lelloo. W ASR, Hrdlim s 2 d@ i i Z 5], AN 75 2 )
e ESTHR [33] rhont BRI 2 T 2 B O, A5 1 B D AR 1 2R AL
AP B . R (2.8) 2 rT ARSI N ik 5

€ A *
Wtz S = Fllse < Arllelloo + (14 Axp)llelloc + 1Pl

A
= dA el + H—)\Hp oo
=T(\)+O(N), (3.1)

b d RESFABIERLMER, TN = dAy el O = 25107l i
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CHR R e N PN IR AP URPE AT EWIE 5 verd: 1

BRR w(N) MR, R R A s gl d(2.7)3 0, w(N)
KF N RHRIFIERB . 5K O\) AILENARZ, B mpg LM mE . R
O(\) KT N\ RHFWREIGH] . E3.LE U\ o) kT X MREg, XK
FHNZRTE X = A\, FEZE .

\J

A
3.1: U(\) 1 0()\) xF \ HRHEIE

P18 ) A A X P R 2 2 R S — R e &, BIEL X\ = A, B,
AU =00\ Hik
Uz nv1f = [lloo < 20 (A) = 20(N).
HEFZ Y, o AR, Ageflith. N7 XFEARR IEN LS A,
HEATAG TR, 5 R8T IE A S 0 ] B BB AT B A
WM ARFIE A = {\ 1 A < Ak < -+ < Ao}, B K 2%

K, (BN IENACSE N, ERDHEZE, B Ay <A <A BUE
BCAR e Ny < X < A BIBASE N AN, W W) AT o) HFHE
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FET e PR U R I D A 3 2 ) I D e S B B i A e PR T

Ve T (3.1) 27

[Un Lvs1 = Un Lvi1 f oo S NUN N1 = Flloo + U v — flloo
< U(N) +O(N) +T(N)) +0O())
< WU(N)+T(N) +20(N)
< 4U(\).
DRI, P48 T D0 gl ok 4n °F X0 BRABMEL N, AT AS 7T
Ay =max{\; € Ag : ||Un, Lverf — U, pvi1f oo < 4T(N)),
J=K, K —1,...}.
AT (3.2) T ASER, T EC S HUE RO P 26058 N Xk R
IEN SR 77 A BB ©, FH HAATTUAE A "o M. Hi2d
I3 (3.2) AKIERSEN, FTEAANR N AT RER . HICHR [3] B2
4.3.1 WAL, XA AR Dol an T 7 2 k.
X A PRI IN— %A, 518 Ax £2— DU ATRSE Ak =
i =qX,i=0,1,2,.... K}, H qge(0,1) H K 24K, A5 N8
A A AT

(3.2)

App = max{A; € Ag : [|Un, p.ns1f —Un L ve1f oo < 4¥(Nj41),
j=K—-1K-2,...  2+1}
XS App T B SEUE M. 7ENF P EMET, MBI Ak
T, @ N =N/q, i =K K—1,..., 556, HASH \gp=\. &
— K 2
U, v f = Un v Nloo > 40 (Aein) = pha Ly €]l (3.3)
b Ay H(2.6) R E X p B— N SREARBARTC RS, - R
MEEFERIZH A\pp WA FEARZIR AR AR
B F(3.3) AT, R 2(2.3) 5 0F1(2.16) 30 ¢ K, N FU(EIG KA,

T J TH BT B )~ ot U Ay B0 s B, B 8 ¢ = 0.9, = 0.008, K = 200
%D /\K =103.

16



CHR R e N PN IR AP URPE AT EWIE 5 verd: 1

3.2 Brezinski-Rodriguez—Seatzu {hit%
3.2.1 &R

Brezinski-Rodriguez—Seatzu it 1175 42 H & Ik 5 vE I = A0 /E & 44 =
A H) MR BUE A S ER 7, P IA TR PR BRS Atk %
JNERT Tk R BN, SEARIENIME, #irar R AE 50 (TSVD) W
7 A RAE A (TGSVD). HARE S aEA RNtk gs 1 7 BAR R S8k 1H Rk
X, AR LB T FHkiERIENL, B R A6 T35 P 8 E AL 1
BRS flittiZ.

W R O A 18] ) — e O

min {[Ay —bll; + A[Hyl)>} (3.4)

Kol A € R, [y € R, [ b e R RPEARKR (W RS 5),
A> 0 HENESH, He RO R—ANEMSER. B [le], 255 5
il

min [[Ay —bll;

(A T e R AL AR R 22 Y

BRS itHEHZE M 1o (A) KA [ell2, B nu(A) =~ Jlef|o. TR RZE
0, (N), 24 n,(N\) IXBE/MER, FrECH A AR BRS {5 THZERTIE BN &
PIEMASE. FHEAEEFSH T n,(\) FEARRE, B ML I
ik [25].
EIE 3.2.1. 2 X FF ki R IEMML R 8 (3.4), % N(A) Fl N(H) 733K R
A fH fE=m, FHFHLE N(A)NNH) = {0}, BEE—NIENESE A XT
W b T R IE AR 17 751 (3.4) IR A ya, T

M(A) = X7+ ||b—Ay,|l5" - |Ey, |57 - |[AEy, |57, veR,
Hd E=H"H.

L 1, (N) BAMEII N 50 R o % €1, &, ..., & 4 5 ANPIRE S IE,
EATE X log(Amin); 10g(Amax)] ZEBERIT B 4 3 KT N = 10% i =1,...,5,
THEL T ST R IE AL R R ARy, ATITAR 2R R 1, (N). SRS FEIX L8
i AR EIE 0, (V) BUR/MER RS E N, B\, FBER R —5 8 =,
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