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THE WAVELET HOMOTOPY ANALYSIS
METHOD FOR NONLINEAR BOUNDARY VALUE
PROBLEMS AND ITS APPLICATIONS

ABSTRACT

Nonlinear phenomenons widely arise in science, engineering and even social life,
and lots of them are described by nonlinear differential equations. It is well-known that
nonlinear problems are much more difficult to solve than linear ones. Since the homo-
topy analysis method (HAM) was proposed by Liao in 1992, this powerful and easy-to-
use analytical tool has been widely applied to solve many highly nonlinear problems in
different fields. Based on the homotopy analysis method and modern wavelet theories,
a new method for nonlinear boundary value problems, namely, the wavelet homotopy
analysis method (WHAM) is proposed in this thesis. The main contributions of this

thesis are as follows:

(1) The homotopy analysis method and the generalized Coiflet wavelet are success-
fully combined, and the wavelet homotopy analysis method is proposed. The
basic ideas and main algorithms for nonlinear ordinary and partial differential
equations are described by one-dimensional and two-dimensional Bratu equa-

tions, respectively.

(2) An approach to solve multi-solution problems by the wavelet homotopy analysis
method is introduced. The main idea of this approach is to transform the original
nonlinear problem into a new one depending on parameters. To solve the problem
depending on parameters, zeroth-order deformation equations for the governing
equation as well as the boundary conditions are constructed, respectively. The

validity of this approach is verified by numerical results.

— iii —
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3)

4)

In the frame of the wavelet homotopy analysis method, a generalized wavelet
approach is developed to deal with different kinds of non-homogeneous bound-
ary conditions. This approach is widely adaptive and highly efficient for various
kinds of boundary conditions varying from simple boundary conditions to com-
plicated mixed ones. Besides, due to the simple and standardized procedure, this

approach is very easy to use.

The generalized wavelet-Galerkin method is proposed to solve differential equa-
tions with non-constant coefficients. Compared with the traditional wavelet-
Galerkin method, the generalized wavelet-Galerkin method avoids computing
the complicated connection coeflicients and is computationally very efficient to

solve various types of differential equations with non-constant coefficients.

In general, the wavelet homotopy analysis method possesses the following advan-

tages:

a)

b)

c)

d)

Based on the homotopy analysis method, the convergence-control parameter pro-

vides us a convenient way to control the convergence of the solution;

The accuracy and the efficiency can be conveniently balanced by adjusting the

resolution level;

Compared with the traditional homotopy analysis method, the wavelet homotopy
analysis method possesses larger freedom to choose the auxiliary linear opera-
tors, because the solution expression and the computational efficiency are not

sensitive to the choice of the auxiliary linear operators;

The wavelet homotopy analysis method possesses very high computational ef-
ficiency, especially, the CPU time just increases linearly with respect to the ap-

proximation order;

The iterative wavelet homototy analysis method can significantly accelerate the

convergence of the solution.

In summary, the wavelet homotopy analysis method provides us a convenient and

efficient way to solve nonlinear boundary value problems.

v —
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PN AE 8 J7 i 360 B & R SR 1Y Lyapunov A T/NSE0% [16]. §-EITFIE
[17]- Adomain 73fif#i%; [18] SF A HT I L5 B AL SR A TR A 0T Z 0, 1992
B, BAZ (191 BT “FMET AUEAEEAS, FE R E SO A PR H A
53871775 (homotopy analysis method, HAM), FfXt— I8 =0 H Rt R 53 77 72
N u(z)] = 0 WIE T HRJFEARHIZF B P42 T2 (zeroth-order deformation equation)

(1 - q)Zd(z;q)] + g [o(x;9)] =0, q € [0,1], (1-1)
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R AR 2 AR 19 ARG /) IR RIS AT T ik B R B SGR K F A AL S

Hrp | 2 AR LLE HEEE 0 4 B 214 5 T (auxiliary linear operator), 4~ Jit
TG E AR T, ¢ MRS L, FEMEEAE B, BT 7% 07
FARKEZE, IR EHE A 5 iR it Tk B B At BT H i, FTHE RS
FBNE R T /N () VBRI IR, IF a4t 7k BUE LIS (solution
expression) JE=CHT H H.

1996 4, BHIAREE (33, 34] AR ORI FR G LA /TR TP 5| ARTIAAE AR, 5
[FEE A T AL, 193]

(1= q)ZL[p(x; q) — uo(x)] + g [d(z;9)] = 0, ¢ € [0,1]. (1-2)

XA IR IR A5 A% (initial guess) B E, (R ISHFE SR A R) Y 25— 25 AN
FRAE SR R TR L uo ()] = 0 BRAFHILa AR, BE— D0 T RS ik
FA N .

1997 48, 4 T BACRIFS 5347 5 RS RO AUl 8, EEEAR [35-37]1 BIA
TS o', (IEWIRZTTREN— AL, 1535

(1= q)Zé(z;q) —uo(x)] = cog:N [d(x;9)] = 0, ¢ € [0,1]. (1-3)

B ZEGIN, BIOE B, ABRFRIE A 7 Bk AS R B 2
WStk B deE A E N, SR JE RN A, R R A 2 o S 2 4
(convergence-control parameter). M RIS 34 77 3% B9 & g Lok, 2GS 4L
5 INEA BB S, XA ES M 785 HAB ST AT 5 M A5 L X1
k.

2003 4, BIHR [38-40] 1EJFUREER it— 5] NAERHBIREL H (2), 15
2|

(1= q)ZL[p(x;q) — uo(x)] = coqH (x)N [p(x; )] = 0, ¢ € [0,1], (1-4)

FEFME M 7 A REE T B 2 Y ARLME R SR A, B0, [FE i 7 i de 4t
TR AR BB T HBh R H i, I AT LA R T
SUSHL o R T EH PRI VSR, O 1 Lk [RIME 04 J7 35 B9 4 11 A2 75 58 ey
i, BUHAR [38, 417 k20 My He HGC U0 0575 AR 4 B 2k S5 R4l Bl R 44
H =B S -

YRR B AOR, SR EEIS R T AR B B R AR, N ¢, ARICRERMEEE

7IN.
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(1) fEFEIEJFI (rule of solution expression): FIUAME AR i BILeE A TS5 %
BRI, R0 ACRIE S B J7 RR AN IS T 5 pR R0 o ST

(2) FRAFEAEJF I (rule of solution existence): FJUAAEMIARE . H B2t HE T 54 B)
PRIES IR, W32 LACRIIE 51 B 7 R A A7 A AR ek oAy i

(3) e (REUE D) JEN (rule of coefficient ergodicity): f#F A H 14—
TR REL, HBN LA A KA R FR AN 5 281 20

HHEE, BREEGE T [FHE 58 7 A5 2 RO REU 2 WSt e T [FfE 47
M7 R RISIOERE, R

EE 1.1 (REUEERE) At FES AT 7 A5 2 AR —Bolesl, W
FIE AR AELNE T RE R — .

2009 4, PR SE [42-45] ARG T R T @B P AL T 72 (high-order
deformation) A A8 541 (homotopy-derivative) I EEE M AHCUER | F— 5%
TR AT T ERIERIS, NE ZR AR I A AL BRI A T RE AT T A
BB IR T G A )T R R H.

2010 4%, BUHAR [46] NFRIE _LUERH T 35 44 BBk H AZ # (Buler transform) [47]
SR B AR FEAS AT T IERIHEZR N, XM B T AT AR AT T 1
AT LAARAS R SR i

2015 4F, B ARER T (48] $R H—Fh B SGEGT #9595 (method of
directly defining inverse mapping, MDDiM), FF#2&H T BL4% 5 S e G i 45+ 5
W], ARS8 J7 20 & B ITRE T mFsE T m), RRY 787 “Hidhgtt &
T YIRS

AN, FETAEERBI RIS 1T T kb & T2 8 B SR FFER. 2005-2010
., B4R [49]. Abbasbandy [50]~ Mosta [51] 25 & Ji& 1 & T F4k ARt (n) i
ZMA T, 2007-2010 4F , Yabushita[52]+ Marinca [53]~ A8 [54] LR B
[55] ol kRt 74 TR ER (optimal HAM), iXLEHRZEH 1@ S
DA B S 2 B A R Al B etk S I bR 8y U7 ¥, RIS 4047 5 AR 2
WA A _E#AS 2] TIRKIHE. o, FSEREAR (HAM) [41, 56]. A6
ERER GHAM) [41, 56] « [F18 355347 J7 % (spectral homotopy analysis method,
sHAM) [57-60] SF&EBEAEFS 0 & R P B B E e R, HZ2 R, AT
BESG T FMB S AT J IR B = AR SCE AR (38, 41, 611

_5__



A AR b AR 19 ARG )5 9 )4 AT o R B B RS AL S

1.2.2 RS AERNE

[FAG 53 A 7 B —Fh i 6 P R R W I B v, R ARy 24 8, [FME
ST T EERS] T E NS DGR S, RS e M. BeE
gty HRRRMEECR RS X B, FEPRE i b RA R FE
PE RIS R T LA SR 4.

2002 4F, B2 [62] FIUH RS AT )7 5T TR B [ BR S8 A,
1R REPEFH T8 10 BT A=, A e R TE R 8 5 L ge 45 R &
AT B AR 150 4ELUR MR AEERIE A [63]. [FI4E, BEHR AT Campo [64]
W [FAE 5341 7 Pz T Brasius KPS H B9 B o0 A (R SR A, BTS2
F 25 SR AT Prandtl Z07EHEK AU B P 241 REAR A b 21 1] 0 S B FARL S 9341 . 2003
., Ayub ¥ [65] M [EHE A TS T 2500 Brrb ARG e sh ), Bt
2 166] W58 T JR 1P B HF ) Thomas—Fermi J7#2, 152 1 [F4E 504 fif BER 4T3,
IR TR P BRI A, 2004 4, Hayat 5 [67] FI JH RS04 )7 058 T Oldroyd
PN EBORARRS R BN, 2005 4, RPEF AR [68] I RS AT TSR T
Camassa—Holm 9377, 2006 4F, Zhu [69] FIH RS 28 77233845 1 H T4
IRFEZ AL (American put option) [ Black-Scholes 77 F2 BT FAREAT i, 1l B e ik
T HER R AE AT R IR, 2007 4, Abbasbandy [70] R RG4S
T —f% 1Y Hirota—Satsuma Hi 57 KdV J7HE. 2008 4F, Tan &5 [71] FHFES 2T
J7 SRR T IR Riccati 249> 77 F2. 2009 4F, Hashim 5% [72] ) H F1S 9471 75
ISR IE T — R0 53 E 53 T R RIAAE R, 1520 1Y R4S 20 -5 RS 1
fift e BEMI G, DRI T RIS 94 T EAE 2 B o0 7 A SR R D e B ER
HI3E 77, 2010 4F, Li & [73] A FEHE 2T 7 50858 7 G Van der Pol J7 F£15
HIH HRUE % ARG, WIS T A al Gem B BRI AN A% R R A
FFAE[RIAE B AH ) A A

2011 4, BHR [74] SR Z 2800 RG34 J7 5050 7 R TR0 B9
M EAEHIRE, BRI MT— PR KBIEIR RS, #7/2 Phillips
[75] $2& th B BIR IR A1, IR 4 e B B A IR R, 2 R [F HE 7R
T 2P IR LA T — 1 LE Phillips 2514 58 2485 1Y 22 M T 12E 7 1)
HIRZA.

2012 4, RIEFTSE [76] A RS 0 5 k058 1A FROKIR B9 PR AR
[, AR R IR T B2 [74] W25, JF M Zakharov J7 R 1153 T

— 66—
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MR H E LS, TR AT SR A B AR R A B . [F4F, Khan
S5 (771 FEMS 534 J7 B 58 1 OIS [R) A% 15 29 B9 433 HY Schrddinger J7 72,
1B 5405028 3k (differential transform method, DTM) HI XS, 15 BH R A& 4347
JTEARZ IR E R AR SR e, IR H AL B m4EE Y.

2013 4F, Guerrero [78] Fl H [FAE T 7 0F 57 1 48 N HE A IR A0 =5 45 1Y 21
ATEAAAL ) SR AW SR G 2800 7 R AR HLAR AT e UL, iRl 1 Ph 3
F SR 5 B AL (R, 32 RS AT I YA AR AT R A AR i I B A B RS
.

2014 4F, XIRGEE [79] WH5E T RIK TP 2 M BAE T AR SR AR (A, 3 —
AR T BAR [74] MARIEFTSE [76] R THARMPAIHITE. [F4F, BHiER [80] H
[FAG AT T353R 7RSI IR TR, 1R TR BRAKIR A7 B 48— IR
# (Unified Wave Model, UWM), J& IO R 1 22T BB ()T “H B B IR T
RS RELS A JEIE I RIS I 27 UWM 25 H 1 2RI A a7 i HoAA — ek
WOMERRERT. BN, MRS EIRIN S, IR, HAERE T, 24
M, ARG SIS I AL T T 2D S s To ok, ORI YR B2 Hh Y L L6
MK TPk

2015 4F, FEARIEESE [81] R FIAE 534 J7 B 58 1 4% e X (BT F) 2k
PRSI, IS Fourier R T 2k I we ik 1 H 48 AHE TS BT A G,
FER R FEHEIEARBR IS, 215 7 AELelt IR S A =g A AL, A
AN EE [82] R SEEETESE T HT 2014 AR R TRSHIRE R 217
FEFIR [79], WA BOR KR FEM T T HIRBIREIE.

1.3 NEBEHEZREREEMS AERKA
1.3.1 /MNEEISHERE

/N (wavelet) FIHE/S A2 H S5 A7 TS 5 A0 2 19 3% B Hb St P BE 22 % Morlet
£ 1981 F B SE42 H 1Y [83], (HSLFp /N i HH Bz i F T k. FAAE 1909 4,
Haar SIS T — 2B /N AL R AL, FRON Haar BRELR [84]. IL)5, Haar BREL
REFNHATER Y, (HHTEACE, £ DIFARGRENS LR
[85]. 1937 4F, Littlewood F1 Paley [86] X Fourier 2% & 3/. Littlewood-Paley
W, PRI 2 (FEE0 (W0 27) BETRI, XA ELAy &2 ROE 5

7



R AR 2 AR 19 ARG /) IR RIS AT T ik B R B SGR K F A AL S

T Aok, 1984 4, JEEI MY EE % 5% Morlet FIER IR EES~ % Grossmann
[871 4% eR AL 1 T8 A g M AP 7 AT AR ZS (8] L2(R) H, F2 H /NI AR H (wavelet
transformation) FJMEA. 1985 4, & ZE0 % Meyer [83] HEBH T —4E/ Nk H bR
BN, A, M2 Lemarié [88] AR LS RAE 2] T S 4EE . 1986
fF, Meyer A B T — 1 EIER/NEER, 255 Mallat [89] A EES T 14
IE/ N FE G — T —— 2 9 ¥ AT (multiresolution analysis). M5, /INEHT
A RIEFIRE L REE.

1988 4F, LI 20 %077 % Daubechies [90] #4i% H T 3 44 HY Daubechies /]»
B, XL A E SRR RSSO/ N, 1t AE 35 E Communications on
Pure and Applied Mathematics %58 T — w115 87 TUHIIR L, BN /NS
BT X GME SCHR. Daubechies /N IFEH, X T/NEHEIE I & EBE S| T B
YER. L5, Daubechies [91, 92] . Coifman [93] HYif >KE Daubechies /N 11 3
filli_ b3t —ZH3E T Coiflet /NJ%, HTHAIE R Coiflet /N5 Daubechies /N HH L
AN R B HE R AE A ZE S, T HAE R EERE R A B30 1 BR&, 25
MRS A, 1989 4F, BRI Mallat [94] FE/NRAEHRZ 70 R
AT EE S EUGAC R Y s R 2 B N E W R A, R T ESEXZL
SIPER T S EM AR A, BIAERR Mallat 5%, Mallat 53505/ N5 A
FR A A 24 P R 57 AR e (fast Fourier transform, FFT) £ 45 HLA# 37 125 f
HHTHBAL DR/ INBE BT BN R AN A SRR 2 T ARCK B HES VR . AERl e 1 2 R,
INEAEIRRE A — D B T B EH iz RS2k STl

1991 4, IRARZF AL [95] 178 «Eeidtey BRER YN t”, XE
B[N B B /N VE S, ARSFHBHESD 1 B N /N BRI SE S B .

Z e, INEEE AR A T Y H B A5, G ARG S £ A B
F5 504 EHRALEE. &7 0. Y. FEHE XIS a8 gE e
HENS RS HA. FRSESEMWALAN. EERG S, MBI IREE
PR KRB AT S s W &, oy ) EEUR s, FZisH TEES I 4
IEPREEME T et it o Bk, #HE 5 (85, 96, 97].

1.3.2 Mo ARE/NERE

1990 4, Latto 1 Tenenbaum [98] B IXAT/ NI IE H 2R fi# L 0 I FErh. 2
Ja, ANBETIR DA B . SRR S GBI A R O T R R T R E

_8—
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B RS BRI, H AT AR =R T /N IR W o 5 R SRR Tk
INBEA BRIT T (wavelet finite difference method) [21-23] /N BC 5.3 (wavelet
collocation method) [24-26] FI/NF AT 45777 (wavelet-Galerkin method) [27-31].
Horpr ) /INBANIT 48 7 ¥ HAh A 28 0 A A ARSI AR E M T T B A
WAL [99-101], Az 35 ) 2 AR TES W,

1994 4| Amaratunga 55 [27] FSeHe H/NEOT 47735, R ek
fi# 7 —4E Helmholtz J5 #%, &5 R -5 H Al 7L BEATHORS, W] T /N <
EE ARG BRSO E R 5 Y SR AR R, 1995 4F Restrepo f1 Leaf [102] | H
INBEAMNIT <8 T7 SRR T B B A 00 T AR B OB IR, 1997 4F ) Amaratunga £l
Williams [103] 45 /NEANIL 5054 2 B o8 —ARA AR, 1999 4, Diaz [104]
F/INBANNIL 4 5 A 58 1 —4E0uE S 7 RE AYBAE R 2002 4F, Kim 1 Jang
[105] Z& T/ N R HY — b B 38 A 22 ROSE/INBIE 05 %, FF &5 243
AT 7 S BE G [ £ R4 I I [R] . 2004 4F, Jang 55 [106] E—22R F 22 RO /N
WL TT AT T NG R R 7 R A0 A (R, 2006 4F, Lepik [107] SR HET
Haar B8 %0R B/ NEINAT <5 07 855K M 7 526 B0 J7 R BB AEL TR . 2009 4,
Winter [108] FI /N AT 455 25K g T 24851 Lévy fBY ) FFEET I SE T
WPUEM AR 2010 47, Liu 55 [101] # ] Daubechies /MBI <575 23K ¢ 7 —
R T HEsEPE S22 (AT 2011 4, Mohammadi [109] >R A Legendre /N AT 4
TR T — R 55 T FERIRE. 2016 4, Kestler 55 [110] 2K FH—Ffoxf isf [A]F1
23 [A] E 28 B ) INBANNIT < 7 SR T I B o0 Ji iR, R HIZ T RAEIX S
(AR SR B s S e 55

BRI, 751998 E2 4 10 JLAERY N A1 B, XS £l 4%
[29, 111-115] TEAE5E Coiflet /[N Ay _Fmish X ]ORE R A0 1Y) R 1) & et — o
HI/NBE, R SC Coiflet /N ABATTERE™ S Coiflet /NS A A A4 A Ak
Pt T — PR ARAR LR TR NI 078, IR 2 iz )
ARl Ty AR SR AR b AR SO PR B IE AT L Coiflet /N, BHZKT
I/ NERIFNR, ARSI TR A,

1.4 ZRH7TER

M ESCHIN e LIRS, Rk kR ES EE M T — 1 KRG R
WA, EAESAGUEARZNE [A)E A RA o R H AT AR5 B R 038

—9__



A AR b AR 19 ARG )5 9 )4 AT o R B B RS AL S

1. M HARRY BT T3, Fe i ik 2R LT =R
(1) AMERTFATAT /N OR) PIEESEL

(2) WL WEEE RIS AL co 7T AR 8 M2 il Ak A AT 855

(3) BRI HhBIZE R Mk B9 B S RIS

XL AR R OC TS B R AN 2 B B A S e s, T [E4E 247
JTEZ i ARERS A N SR By AR s AN S 7, B T HEA RIS LAAN, B
RRHR I E . HOoRE R & Rz HZIERFR, BEIRZN R Ry
HKIFR S AT T, AWHZ IR A AR LT LRk, AN A BH AT 4 e 25 ]
TLUME, EHEIETTIRABRA £ T A B SGE R 58 3.

AR T I B A A R T USRI B B, (HIZ T ¥E R
WA LB LASEE AR ) S [), b A BB 2

(1) BTG R AELMENE, BEE G R Ien, wBB A8 5 B4 S I
SRR, 2T LU AR (B, A T T 58S R B L R R B 2L
S ANIE BHRBIUE K [41, 56]. RFELFEMDAFAER: —£ITHE
RORTN B, TR SR, X T 2o s o0, dn AR L fw
T TR, T AR S a B iR 1, BRI RS i R
RSB RSAAE AT, AR S T I T Al A D FR 1

(2) BIRFEMEIMTIT BA SR T R4t 8 T SRk 0 [ i, XA
R SRR BR ARG, H PP R K A BRI R AR 2 SR, 3 5 B bR
R I 5 e AL SRR T B AR S T 0. I, TR S TR
LI¢] = L+ ¢, WIAHR UL B = f PR BVE M BB I, A5k
B L[0] = L9 4 ¢ VENLME ST 1 1R I 05 5 T PR B 5 B PR B
L, MIRBERASIERIRENTIE L. AN, Ak BB &t T i
AR ZRLAT R I 5 T FUA H B AR B R Y B L TR SR
18, WIHA T A S E0% L0 3 TR SR TER

(3) JE L, FAS oA 5k m] LA FRAR AT S B B R KPR O B R 2, H AT [R)AE
I TR R R R AR AL (0 2 A ERER ( sin(na))-
FRECREL (e & -1RIR A BREL (W 2me ) LLR MR RS A

— 10—
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FRIN IR 2 WS, B LR, (AN A EARIE, S Mh2EE
s ERERARKE R, Blin: —HOkE, RN E8E & T
TEECREL, TREREI s AR S T = AR, AR 2 @ik
7, MRRC AT T % P ER 2P R ()L

MEZERIFTTIEN AR, AR BB B ORE , ATLUKEL: BE R
XERATARLMEAL 0 7 RE R Y Pt I 2 B R AR . IEROh e, A8
SCEAER X R R T S A B SR 5 1% -

(1) B PRES AR B X Gl B A 557 A U UK, Rl A 5 bR IO AN TR
R Bh ZeME SR AT S A B, IR, A TR S RE A i, 4l
BhAANE T AR BCR AT B E o, EE g 5.

A R il i fr R AL Ty R A S AR R K, AR ER mit R,

(2) fE
FHREIRA KT m i bl

(3) REFR ML —FPAEHE BT FORMRE R KRR ARG L2 [ R R, 1L
H RELA IR 7 2R — - Al 2 B

MY IR H B, B B FEAE AT T s S IARECA R T A
— /NS G AR/ NE AR T T S & PR B B lifE
P AERREGE T B AR R AEORG E RESSAR T (AN [F] 90 3K P T gk
FTEREOEITSE [116). RE/NEFFRE XA THETEN, HI/ECAIE
W, /NN FTREIRIIN Sfegr R se Pk S HEMEPE [20). H AT BN =2
] Daubechies 1E38/ N AL ESCEFDEIETEZ [AIIE R T &P, (BEAHA&
(B, LA, FICHEAER 58 PR R SEPRs B, AE Coiflet /MBI ZEAR_Fad 4K
H SRR, MG T — R IESMEREE/ N, RO LIEAE Coiflet /)N
P, T 3 Coiflet /INEHEA RIFIINEST, Fr DAZRIE SO defiZ 28/ NpAE o 25
G LR, SRR E AR

1.5 AEXHEETE

AP EZEEE S RS AT JT AT S Coiflet /N, $2H T — MR AR
P AR [P RR ) 3 J7 s —— /N RIS 23 B 77 5 (wavelet homotopy analysis method,

11—



R AR 2 AR 19 ARG /) IR RIS AT T ik B R B SGR K F A AL S

wHAM), LA Bratu JyRENTEG], Sr83iZ07 SRR AR L 2RE PR, [H
BT XEZ T EEAE R I R P B 1 A ) LA BB A TR, s et Y
filtth T 5. BLAR:

1 B —EEEN G TIZRSCIBIFESIIL, FEXS RS 5 1% BB A e
J57 P B LA K /N RV B4 PR PP R R AE A 7 15 R SR A w1 Bz P A 7 22 [
W, [FIRS2E T ATESCRIBTSE H BTSRRI ERT A

2. B RRES A Z PN L Coiflet /NEAHICHIFEARIR, FHEaH
VeSO B LEE B A E MR s S I

3. o =FEELL—ZE Brat JTREOVEHI, A G/INEFEHE AT T IR AE T o T
RESR A A FE AR B AP B, il TR G R G e A o A% 7
TRAEARLAE F R T RE A AE AL ER A v B AR A B3

4. SFPEN RN FEHC AT T % SR MR — PR, IR T Rl
REGIEIZ SRS A0

5. BHELELL Y Bratu JTEENVEHI, G/ NEFEIS T T IE AR T
RESRAF T B ARG R 5P BR, TR 24 [n ] b e T 500 T L ) R
TR Y 2 A PR NS, RS A T SRR AT IZ TR AR AR
LM o 5 R AR ] AR AR A O AT R AN R B3

6. BTN ERH/NB AL BRI P WA = K2R TR L A4 I
WETRF AR — ik, FREd TR SR X & 7 R R A U

7. HLEA AL R T RERSRAFR I T BRI E AR R
W7, RHFFIEN] T2 E R LA EEAE R, FRAERAE B AR
& HRARAE R B T RER ) SN &5 1%, e il T R sLpilie
RS SONEAIAL B 7 3% B, o HE B

8. S /\NEX AR SCHY TARREAT 14, FEXS/ NS A 7 EE AR R BT 58
BT,
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1.6 FEGCHFHS

ARIB SO E G ST

1. BB EE 8 7 Be S BRI P B2 HE e —— /N T e T 45 5, 112
H PR AR AR LR E AR R B — e Ty e, BN RS S 7323

2. PGS S RN E B T, IR/ INEEE 8 Tk Tk A
i ;

3. BTS2 T AR A R A e S A T B R R, B R T A 4k
PR N R

4. B LE) = KA R4 MR G A&, T —ER/NE
AR —BEME T

5. JRIMIFFIEN] T TRACER, FAEXEEACE B AR L, AR IR
RPN TR ) S NEAIL 87 7.
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LG K F AP T FoF ARIPEREBLEEZHFEL

T8 EXNNEERSEZHFEX

ARFERPE A ARSI — LB NIE | AR 2 0 AT B R AR
W T Coiflet /NERYEEANE P /NEEERECE/NIGEIL, LR/ NERE 7
P IR A ABUNIT RT3, &5, SHAARTSOR RN —&E
B E NS WIS EPS X A

21 EBRHOH

253 M7 (multiresolution analysis) Y& & F 2 FE 1989 4 HH Mallat [94]
PR, ZAEESIIR AR/ N TS T A SR EAEME N, B
G— T MRTHR H s 22/ N A& T, /N AT R A T — g — B
BRI, )T Coiflet 1IR3 /N HE PR AL R L2 [A] A9 38 1 E &5 T2 00
AT, 2 AT BRI E LR

EX 2.1 (B7#a ) PO RS R — KT =R P IEA{V,, ) €
7y AR LA T T4, WIFR N 22 93 HE5 AT

(1) Vj C Vj—H; (2_1)

2 JV; = L*(R); (2-2)
jez

(3) [V, = {0}; (2-3)
jEz.

(4) f(z) € V; & f(2z) € Vs (2-4)

(5) Jp(x) € Vo, s.t. Vo = span{p(x — k), k € Z}. (2-5)

Hrr) {o(x — k), k € Z} R3Z I J7 Al B SS [AI B N BRE SCRIPRHE IR se . DAk
I BIRE N IEE P Mot g MVE s . 72/
BRI EIE T, BEESH FRO3PEZRIKTE (resolution level), PRAEL o(x) K
N RE S (scaling function).
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R AR 2 AR 19 ARG /) IR RIS AT T ik B R B SGR K F A AL S

2.2 T X Coiflet /)R E AR TE R

I X Coiflet /NB & H FEICHE [112] FEL UL Coiflet JR/INE [117] BYFERE L
Zoi 8 MR EE R B I ME 75 20 Y, R RUEE PRAL (scaling function) () F1/)N
I BREL (wavelet function) «(z) H:[FE S ENTHA LU [112, 115]:

3N—-1

(@) p(x) = > prp(2n — k); (2-6)
b) ¥(x) = > (=1 pan-1s(22 — k); (2-7)
(¢) M, = M’}:,O for0<n<N; (2-8)
(d) / T e = 0, for0<n < N (2-9)
(€) > prplw—k) =1; (2-10)

kEZ

o p AGEIEME RS, N NI RIEE, M, = [T 2o (w)de F9 REEEEL n
WA, T (a) T (b) 4 B4 RUBE BR BRI N BRSO R BE S R, BT/ NS
BRECRE . SR LUR BV S5 S v U AR M (o) R R P
Ve, BRI Y Coiflet /M 5% Coiflet /MNEZ RIFMRAZ R Mt (d) B/NK
PRBTAII S E e T R R B B S, EL/ N A ARG
FERE MR, M (o) W/ N P TE UL S5 1

T S Coiflet /INMER B, R BR BRI /N 6 034 ELAS IE 3544 (orthogo-
nality), RIXCHESRREE kA, G2

J72 o — k)p(r — )z = §y, 2-11)
f_Jr;o Y(x — k)Y(r — l)dr = o, (2-12)

Hrb 5, M Kronecker 55, HiE XN

1, k=1,
0w = (2-13)
0, k#I.

AN, RIESRE o(z) 2R LUEE] 4 BriEsn] 5, BARITEIXBE (s-
moothness); TiAH A EZ 4 (compactly-support), 7N supplo(z)] =
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LG K F AP T FoF ARIPEREBLEEZHFEL

[0,3N — 1]. REFERETIEASHE S PR 52Xt/ N i S AR SR 53 T
FErp B EEE L.

ANR—ME, RRSCh G —RHHKESCN N =6, RERE—H4EN
M, =7 H1J7  Coiflet 1IE58/NgE, HIEW RE py, [118] R 2-145H1, RUZRAL
G an & 2-1 7.

& 2-1 I RIERA N =6, RAZKG—HIEA M, =7 8, ) L Coiflet iE 3/ 1 49 1K38
I A py.

Table 2—1 Low-pass filter coeflicients p;, of the generalized Coiflet-type orthogonal wavelet in case
of the number of vanishing moment N = 6 and the first-order moment of the scaling function
M, =T7.

k Pk k P

0 —2.3926386572801 x 1073 9 —9.9615433862400 x 1072
1 —4.9326018541804 x 1073 10 —7.9923139434800 x 1072
2 2.7140399711400 x 1072 11 5.1491462932400 x 1072
3 3.0647555946200 x 1072 12 1.2388695657060 x 102
4 —1.3931023707080 x 107! 13 —1.5831780392559 x 1072
5 —8.0606530717800 x 10~2 14 —2.7171786005400 x 1073
6 6.4599454329399 x 107! 15 2.8869486640200 x 1073
7 1.1162662132580 x 10° 16 6.3049939470800 x 10~*
8 5.3818905570800 x 10~* 17 —3.0583397359600 x 10~*

2.3 L2 R X Coiflet /N IEIR
23.1 L*(R) ERY/NRKIER
R ESCHEBIR ) X Coiflet 1E38 /MBI REE BRAL o(2), AIAGHEH L2(R)
A — D20 PPr, BEEST —IFRKIKIRER F=H {0} c--- c Vy C
V,CVyC - CV; CVj C--- C LA(R). DR § RRH 72300 V; &
SH:
V; = span{p(2’z — k), k € Z} . (2-14)

17—



R AR 2 AR 19 ARG /) IR RIS AT T ik B R B SGR K F A AL S

12

08F

06F

¢ (x)

04rF

0.2F

B 2-1 kKA N =6, REZE—NIEA M, =7 8 LE X Coiflet /1> 89 R F
Fig. 2—1 The scaling function of the generalized Coiflet-type orthogonal wavelet in case of the

number of vanishing moment N = 6 and the first order moment of the scaling function M; = 7.

HRAET L Coiflet /MBERIIERR T, V; HRIFTA LR A B IESS. 4% B ek EuE i
W, EE PR f(2) € LA(R) ATLME 230 V; H115.3) X Fourier &t

flz) =Y cpp(Pe — k), (2-15)

kEZ

HRIERE cjp =277 fj;o f(x)p(2Px — k)dz.
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XEF R/, R RE ] B ) Fek AT REGE L, EXTT X
Coiflet /NI, SRS A0 [119] 38 T — B R RUEREL ¢ B9 SRR
DI, M SR T, 153

M+ k
cjwf( 5 ) (2-16)

ER BRSNS, HE BT AR R AR S R . HiL, /NE
1T (2-15) AT LACE 2
. I M, + k ‘
fo) ~ P = Y 7 () et ), e-17)

k=—o0

o j AR, PO L2 R AR VB3 ST

XEE, AREAE N L? RE, FEa b oy B ) ok BB R A BT 52 Bk bR
o, S EIERCE R KRS, £k 0-17) WSy, SEhs B#fisr 7
M Coiflet /N BUIEIE T (quasi-interpolation) (JF 3 oM fi(E, LN X
Fourier 1&iT).

ZEA 22 WAL )T X Coiflet /N B IERS M B0 eI ERIIUSE(E
PR, IXIE AT SCHIESE ) L Coiflet /N B =52 A

232 L?0,1] LAY/ NEEIR

S B A TR A SR 7 24 v ) 3 R B 2 FR DX JB] L e /N e
TEAA] A5 PR X R] L 19 ) U R DA b (e 4 RSP R AR AL 1 [0, 1) B SR — %
P, RSO EEEE 1200, 1) EeREON/ NEE T, F1 A TR X 8] L R AGE T Y
[, FIoHE 5 [112, 120] $2H T —F&F T Taylor /BT FIZE 53 77 Ik B A4 4
FiA, RISHERIIEEL f(x) € L2[0,1], RAIAIER

(3
Z d;{ixi’ x e (_57 O)a
i=0
flz) =< fla), r€0,1], (2-18)

3 di
Y -1, ze(L,1+90),




A AR b AR 19 ARG )5 9 )4 AT o R B b S K A A

Hrb o REdy, 1 dy; FREB S Z R, nr:
( 3

do; = E P0,iktjks

k=1

3
dl,i: E pl,i,kfj,QJ?ka
k=1

\

(2-19)

HR, = (L), 24 RBGER R Py = {290} TPy = {27p 0}

i.k=0,1,2,3, H NHEHMEEFE [112]:

[ 1 0 0 0

~11/6 3 —3/2 1/3

P, = ,
2 -5 4 -1

—1 3 -3 1

1 0 0 0

11/6 —3 3/2 —1/3
2 -5 4 -1
1 -3 3 -1

(2-20)

(2-21)

T2, ZRBINJERBEAELE0,3N — 1], XTERE f(z) € L?0,1],

IR 2-17) "G A
20 —14-M;
f(z) ~ Z f(Ml—'— )gp(ij—k), z € [0,1].

29
k=2—-3N+DM:

s A BRI AE S, BT E SL/NBCRE RN -

;

—1 .
2 T (;_J) p(Fx =i+ M)+ p(Px =k + M),
i=2—3N+M;
k€ [0,3],
pin(a) = @z —k+7), ke 4,2 — 4],
27 —1+M; ;
2: Tﬁﬂk<§>¢@%—%+A%%+wa—k+ﬂﬁx
1=29+1
ke [29 —3,2],

— 20—
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/E\:E'j 5 @éﬁ T07k(l‘) %D TLk(JT) /—\HEX?":]

3 3
Tou(z) = 220: p‘)l"’“x’ , Tup(z) = ; pl@:k(x —1y (2-24)
FRIFHTE L/ N R B, PRAL f(x) € L2]0,1] BB £k (2-22) ATt
R |
. it k
)~ PG =31 (5 ) esato) -25)

Horpr pi o L2 B 2S00 V; (R E 7. X -25) kTR T, LG 2]
() SR INPGELA -

d"f(z) _d"PIf( o ( >W%A@
_— (2-26)
-2

dzm dz™ dzm

H AR S A S @ ny DUR I E AR SCHR [112] HR 45 A B ST
TR
ARFESCAR (31, 115, 121, /NBGEIT (2-25) A2 T HE IG5 1A 1T
5138 2.1 & f(z) € L2[0,1]NCN(0,1), WXH/NEEIL (2-26) A F AL :

d"f(z) d"P/f(z)
dzn dam

< 27N, (2-27)
£2[0,1]
Hr ¢ £ HSRE f(2) FURBIED 2250 p, HRWAEAE L N ERAELL, H
0<n<N.%4n=00, EXR/NEELR 2-25) FiRZEMTT. WS 2.1 A
HH, B ESHRACE 5, TR R S/ NE T RS

233 L20,1)* ERY/NKIEIR
ST HEET, & L2]0,1)2 A5 LR/ NI L. FRAE 4L 4 R AT
W [83], “HEL IR W — 42 IRk B RIS, B
Vi=V; 0V, (2-28)
X, ATEE—AREL f(x,y) € L2[0,1]2 AT f R 2 T iEi

27 27

f, => > 7 (2] QJ) ik (@)5(y). (2-29)

k=0 1=0

21—



R AR 2 AR 19 ARG /) IR RIS AT T ik B R B SGR K F A AL S

M A RO -
O f(ayy)  OmPIf(ny) ii ; (k: z) & p54() d"050y)

dxmdy"  dxmdx™

k=0 =0
(2-30)

TN M, ASIER 2.7 LI E], —4E/NEIET (2-30) HIIRZR B R A5
HRAN T
518 2.2' # f(z,y) € L*[0,12NCNN(0,1)? , WX /NIEIET (2-30) A F
AT
’ ot f(x,y) B oM PIf () < C9-mnl(N-m).d(N-n)} (2-31)
L2[0,1]2

ox™oy" oxr™oy"
Hr ¢ 2 H5REL (o, y) FURIBEIENE REL pp, FHRAETCRHEL, N AIHRAEEL,
Ho<mn<N. ¥m=n=08, EXRIAH/NEIEIT (2-29) FiRZEGLT.

24 EERZBOTERE
FIr 8 ZEE 2R 8 (connection coefficients) [116], &f5 /N3 RN H - S501)
T B A BRI pR S /N 3 R UM L S A S FRAE 25 5 X A _E A AR 4L
R RZEO TR, TE/NETT R SR E L E R A, ORI T DA .
AV SCHIE T A B, B0 & 2 G RO U S B R Ui E

Rl
1 gn
n d 1
T = /0 ﬁ;i(x)%l(l")dx (2-32)
RS VAN & 5 o W Y G A M SR i AR PN S Ey b2 o = Y G AG
. 14n PO
o= / R =F) o1y _ pyd. (2-33)
s 0 dxn

B, S 6= —1, WP

, 29— gn _
ﬁﬁ:ﬂnﬁ/ PR EHD o egae. (2-34)

! dx™

WS AR, o N(0,1)2 BRI (0,1) x (0,1) LXRTFWAUEER B LY N Ri%E
S 5 Y PRSI 25 (1],
ZEICHE [112]) AN [115] 28 A RIFEEER, X BT LULIE.
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R, 3 AR B 2R S5 T LA N B R AR

M) = [ oo 2-35)

i LIRS R RS B R A R, T

T =270 [AR (27 — 1) — A, ()] (2-36)

BT S Coiflet /N R BRI AL () AN EARNT AL, T HHE T R4
Colo) SR Yy, WORBHBI AT T RS BRI W — R FRIA R, skl
MR EBETR D TT 55 LR 0E. A, BT Coiflet /NER A
SR, T EE R S A T R RO S 4 By, B bR BRI
A (z) [ERADECEARP. KT Ap(x) WIHE, o [112] IRIERURE X R,
AT Chen [116] FUMGE, 25 T —FEg it B, HINTE4ER) AT 2
ECHR [112].

KT BEEREZRZBONTE, 2O ARFAIARG H— s BT 57 .
TR AN [P 5~ A8 SR H A/ N R A8 5 A 3 2 S A e/ NS 5 7 Y R e
WA, T EEMA TSI AR, EERE T Rk
FLATE il — e 2 i i REL, FEAEIZTT IR SR B SR T S/ N AL < 77
s, AR T 4R R T R O A .

25 JINEEMN#HFEEN
AR 2 S5 42 v FR 0 1 LA B B0 2 SR A 6 938 0 I

E X 2.2 (Hadamard / Schur 5€%3) =4 A = {au}, ... B = {bki},,n
e R™ ™ (H m=18n=18AME), WENH Hadamard / Schur FEFE LA

AoB = {Ckl = aklbkl} (2—37)

mxn *

BTN S R eFRRE XA :

e R™ [fifty = {u},,, € R,

mxn

AOV={cu=ayu} (2-38)

mxn *

23



A AR b AR 19 ARG )5 9 )4 AT o R B b S K A A

EN 24 FLEEF) HMHEA = {an}
A FEHNPIEN mn 4ER), H

e R™ BT vec(-) T

mxn

vec(A) = v ={vr}, 05 Vkt(-1m = Qni- (2-39)
KM, BT rvec(-) BEHERE A FATHRIECA mn 4EAH, R
rvec(A) =v={v,} 1) Vi = Q- (2-40)
TE X 2.5 (Kronecker K EFR) #H M A = {an},, ., € R™", B =
{bri}yp, € BP9, MIEATHY Kronecker FKIHUE LN
A®B = {auB},, ., - (2—41)
PR 2.1 AHFEA, B e R
vec(A o B) = vec(A) o vec(B), (2-42)
rvec(A o B) = rvec(A) o rvec(B). (2-43)
PR 2.2 £ A € R (i a, ve R, N
A(uov)=(A®u)v. (2-44)
4R 2.3 A A e R, KifE B e RPxe, I
AoB) = AT @ B, (2-45)
Horr ()T AR R E ST
MR 2.4 HHE A c R™P, X e RP¥9, B e R, NI
vec (AXB) = (B ® A) vec (X), (2-46)
rvec (AXB) = (A @ B") rvec (X). (2-47)

2.6 RET/NG

REEHRGH T /INEA T EER S — 2080, JFEERE B
A7) L Coiflet /N HTEEANE P, 56 RERERIMER S T) X Coiflet /)N
WL PR B A LK. L2 SRR/ NBE T, ARG RN T /N T o
BER R T, BaE T A A T R s B R
A SR RT /N RS 47 7 2 S AR R B A T B8 _E AT

24



iR KSR ARk $=F MARKRWTHSFTREG NIRRT E

F=F RIELUEEMIAERDNKERRSHTE

AFELEELL—4E Bratu J5 FE [122-124] AL, A G0RBARLAE W5 7
R AE [R]BLFY / N [ 48 934 77 3% (wavelet homotopy analysis method, wHAM) 2
ARG EPPIR, SR T /N RS 534 5 ik i) s 4% U AR AT 2l B 2 S 7
PEHUAFEAFN i R 25 FoR I/ N RS o A T A R, i
T

31 /MNERMESTTAENEARRDE

INBEIRIAE S3Ar T7 S B A AR . ERME A T B IHESR T, DA AE)
M Coiflet /N2 B2 AEERY, G54 T  Coiflet /N IEND, XEELM:
T JTREIEATSRAR. 7577 LL—4E Bratu JiRE [122-124] BRI FlASK A ELek
HS TR NI FMG A0 7 2 AR S S s,

3.1.1 [EEE A

Bratu J R 2 I FH0A SOWA HURAR S AR IAR L gOREOR T
PR N L 22 P B R [122, 125], H—AEE sl i #an -

d*u(x)

IR '@ =0,  xe€(0,1), (3-1)

BFRGNN
u(0) = u(1) = 0, (3-2)

Hrr, N E— KT 01241, Bl Frank-Kamenetskii Z%{ [122].
FRAESCHk [122-124], —4E Bratu J7RMRIIEAERE DA

(1) M0 <)<\, F7EE TR,
(2) M4\ =\ I, fEAEME—1%;
(3) 4 A >\ B, Fofig;



SRR AR Kk AR 1) AR 6 )N IR RIS T 7 ik B R ) LA KA AL

Hr ) XN IGAE N\, ~ 3.513830719. A T fiiff, AFSEIT1E—4E Bratu /7 FEFE
0< X<\ BFAT 2fi#

—4E Bratu J7 B2 D E AR BT ARSI S 0 < A < A\, I,
FoRs it T Ze

_ cosh(§(z — 3))
u(r) = —21In [ cosh(?) ) (3-3)
Hrb g & LU FRETT FR i -
0 = /2 cosh (Z) . (3-4)

R E| Bratu J7F2 (3-1) AL AR ZE M en(®), 0hT b 8 3 2 P T )
LEHE ) [FfE AT T g T — et A B A AT = B E A2 T2 (high-order
deformation equation) [41, 42], JXARIL T [FAE 5B 5 ¥ 1435 a0 FH 4. (H X HEL 22
TR, W H A TR S A TR IR A & — D s AU . T
Gk, 51NN AR

V(z) = exp {—%u(x)}. (3-5)
W XA JFTRE (3-1) ATUE N
V) [(dV(2)\* A
V(CC) dz2 - ( dr ) - 5 =0, S (07 1)7 (3-6)
LIV P Ul SLSyF
V(0)=V(1) =1 (3-7)

HF 51 AN B A & — > —— Wit (one-to-one mapping), WU 72 (3-6) Fl
JEOTRE (3-1) RS ATENHY, A RERAGHT ML, U5 (R ER Y) f ml ek LA
A E AR 2

u(z) = —2InV(x). (3-8)

3.1.2 EAREHIHEIE

T (3-6), & XA NHYAEZMESE T (nonlinear operator):

N[p(x;q)] = cb(w;q)a%(z; 7 _ <8¢(x; Q)) - % (3-9)

0x? ox

— 26—



iR KSR ARk H=F  MAERMEE SRS FAEG NIRRT

I Vo (z) —DHIIESE RS (initial guess), . MATBIZMEE T (auxiliary linear
operator), co AYEHIILEIZS4L (convergence-control parameter), I [F1E 2%
q € [0,1] A2 T BB EAETTFE (zeroth-order deformation equation):

(1 —-q)Z[o(x;q) — Vo(x)] = coq:N [0(x;9)], q€[0,1], (3-10)
IR NP )
¢(0;9) = ¢(15¢) = 1. (3-11)

IR, MNENIEETRE G-10) A& : Yq=00F, ¢(z;0) = Vo(z); 4
q=10, ¢(z;1) = V(x). FIL, é(z;q) 2 T —DNRILAE Vo (x) ZIRE T
fife V() B[RS, 14 Taylor 3, LK ¢ (x; q) BRI NFRMEZEL ¢ B Maclaurin
REL

+oo
(w;q) = Volw) + > Vi(w)d, (3-12)
k=1
Hep,
Vile) = Aot o)) = 505D 313

FEFAE AT TR HEZR N, 2 BEFRON K i [F46 3K 5557+ (kth-order homotopy-
derivative operator) [42]. 1& 4% B B Ze itk & T 2 A S 8L2 4L ¢,
Maclaurin &L (3-12) 1F ¢ = 1 Zb—Zolesl, WIRT1S V(x) RIS -

+oo
V(z) = Vo(z) + ) Vile). (3-14)
k=1
FHRZHT m B il AL A -
V(z) & Vol(z) = Vo(z) + > Vil(a). (3-15)
k=1

N TR Vi (), K m B FEHERSE T 2, (FRAERYIEZTRE (3-10) M
HAFA 3-11) W, 152] m BirJEAET7#2E (mth-order deformation equation)

LNVin(x) = XmVin-1(x)] = co Ry () (3-16)

MID T
Vin(0) = V(1) = 0, (3-17)



A AR b AR 19 ARG )5 9 )4 AT o R B B RS AL S

Hrp,

0, m<1,
Xm = { (3-18)

Ron(z) = Dpr{N[d(x;9)]}

m—1 2
B d*V,qs(x)  dVi(z) dV,,1_s(2)
B Z {Vs(m) dx? dx dx 2

s=0

XRE, AL (3-6) 1 (3-7) BEFLALIK T — RN HILAE 178 (3-16) 1 (3-17).

SEENE (14, 151 AFRRE, FEUSHAT 5 AT /N O0) YIRS,
FEbe At B GG 1 A M Bh 2V S8 B . AR R RE A 5 22
JE BRI GE A7 I g A Al Bh 2 P 557 - @ AR B AR (38, 41] 42 H B fg a8 5
FRATAE N AT 2R 850m P U] (D0, 1.2.1 719). /N RS 4B 7 Bt — 2B 0 173k
FhE H, AR BCRT A A AR AN 4 B et 7 _ERONAS 5. S /N R4S 2 0 7
PR A A IR RN 4 Bh 2tk S5 B30 B, AT SO AR T R B S,

RIS M I GEG 18 & M E T (rule of boundary-adaption), Bll: 4]

A DM 1) 108 BB 0 1 i [P A G A, — IR 00T, &M A SCRI G

JEJFORIA A& IORAE T S &5 G SV EE— 2D hERE.

A Bh 2k A7 B e B A B LA S -

(1) FEFZTER N (rule of solution existence): JTiEFEIHBIZANEE T+, V4R
E = B AR T3 RS B H AR [P0 ) e (7 A
(2) MYEIITERJRE N (rule of order-match): R4 B2t B 1% #, 8%
F&5 T R BOH R B 1
MR AR TR 30645 A 1A R H R G 4% A -
Vol(z) =1, (3-20)
C R FEA 3-7).
gt e I ES o= R L I 1 75

D*¢(x;q) 09(; q)
0x? Tk ox

Lp(r;q)] = + koo (23 q), (3-21)
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LG K F AP T F=F MAEKBT AN IR A

Horp, ko M1 kg NATESAL AR T REEIE . B REEAE M TR
P AL AL A AR A AR M —. SR AR, O e IO 2 A A SR LR 5 DL P i
.

AN, SERGEFERDITTIEARNAZ, At areiE T, BEEE
REBRAEL B ATHELE T, H/NEZE WOE AT R A B 2t T
HIA R FA AL 4, ERERED T TES, (3-21) 4B
LR TAREBIEN, ko Mk S ET SRR LA TR A R 1 E
RE/NRRC AT T IR BT LEAFS, KA N SOH 55 T R AR T AN o

313 /MNEREEERAE

RIS 559 810 22 90 W A 5 /NBGE T (2-25) X m B R 2205 Re i
Vin(@) B R () MATIETT, 15

27

V)~ Pt = 30 (£ st = S0 (B i), 0

k=0 k=1
27 k
R,.(z) ~ PR, :zﬁ%<§)%k> (3-23)
k=0
Hep,
k “ N\, k kN 3
~(5) = Ze () (3) -7 () v (5)
A
= 5= xm), (3-24)

HFHTRIRE —Frh i) (2-26) 2t 1@, W0F:

, m>1, n=1,2. (3-25)

dz™ 2

d" V() _ wwv <k)w%aw
2) d

A,
d"Vy(x)
dxm

XE O FEFENE: RN G-17) BEIRAZ] (3-22) F, TSNS A4
PR T HA AL EE T

—0, n=1,2 (3-26)

—29__



R AR 2 AR 19 ARG /) IR RIS AT T ik B R B SGR K F A AL S

4 (3-22) F1 (3-23) AN TR TR 3-16) H, A3 m /NEEXBE
M iE AR JTHE

27 -1

EZ{WnQ;)—XmWn1<§)]£T%m@ﬂ=wb§:Rm(£>¢M¢wx&aﬂ

k=1 k=0

HT SRR BRI, SRAMIZ ST, AE (3-27) Wi BRI ARLL o)
(I=1,2,---,27 — 1) FFLE [0, 1] XAl E3EATRR S, 158 m B/ NBEAIT S TR A8 7 # -

AT (Vo = X Vi1 ) = o BT Ry, (3-28)
o ()T HEEET

) 1 9 2 —1\7*
Vk:{vk<§)7v}c<§>y“'yvk( 5 )} (3-29)

(27 — 1) 4B

- 0 1 2 2i\ 17T

A (27 + 1) ZEF A,
1 k=27 -1
A= {ak’l = / L pjr(T)] gpjyl(x)dx} (3-31)
0 k=1
gl -
1 k=27, 1=2i—1
B—{hi= [ po)gn(olas (3-32)
0 k=0, 1=1

IR (20 — 1) x (27 — 1) R (27 4+ 1) x (27 — 1) JHPFE.
AR EE RS R R E L (2-32), 15

(3-33)

_ 192 J>1 7,0
I pVAY
bk,l - Fk,la

FEERIMEM A R B AR m A, b B, EiFEfEd, &
BOEREAHTER. BRI, /N FAE AT 773500 AR S8R AR me B /N AT 4
A JTHE (3-28).



iR KSR ARk $=F MARKRWTHSFTREG NIRRT E

32 FHESH

VIAG R fil (3-3) M EEHE, 20900 & LI TTIRZE ErrSQ,, 5 ¥R 2 7140 AL
E,.(x) N:

1 . [k k\12
ErrSQ,, = 11 Z {um (5) — U, (gﬂ , (3-34)

k=0

2
L 0<a<1, (3-35)

Epn(x) = |tm () — ue(x)

HA i, (2) = =20V, (2)  m B/ NEFEICHE, u(z) IASHIRE.

3.2 SISt

AR, 7% )& Frank-Kamenetskii 240 A = 1, FiEMEE T L[o(z;q)] =
Polwa) KT § 3 F 6 L. SEKFGITE R, E/NER
B4 H7 77 B HORE AR P, T AR 7 {8 M AT 1 U3 B 2 R BB B ¢ SRS
USRI ZRALR. AT X, RIS ¢ = —0.5 .

B 3-1 4 T ARRSRACE T, HI7IRE ErrSQ,, M m K2
WL BT LG B, e N EROKE TR, BEE M S, 77
% ErrSQy, W FHE— 50 PR0KF j MR HEL ErrsQr « j MK,
ErrSQ* BUN. FIt, HHPERATRG A, WEURME, Wi/ g RS 5
A7 BT LMEE SRS B0 A, S8 T /NI RS S04 J7 B AR 3 7 7
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B 3-1 Frank-Kamenetskii 52 A\ = 1, &8 K& 5K ¢y = —1/2, HHEBE T
Llp(x;q)) = LU0D w, TR S P& AF T DK R &6 H ik 2B 4 m 8 &
1.

Fig. 3—1 The averaged square error of the wHAM approximations (given by different resolution

level j) versus the approximation order m in case of the Frank—Kamenetskii parameter A = 1, the

*¢(z5q)
ox2

Solid line with square symbols: j = 3; dotted line with delta symbols: j = 4; dash-dotted line

convergence-control parameter ¢ = —1/2 and the auxiliary linear operator .Z[¢(x; q)] =

with diamond symbols: j = 5; dashed line and with circle symbols: 7 = 6.
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Fig. 3-2 Comparison between the 40th-order wHAM approximations and the exact solutions in

case of the resolution level j = 4 , the convergence-control parameter ¢co = —1/2 and the auxiliary
linear operator .Z’[¢(z;q)] = %. Solid line: exact solution when A\ = 1; dashed line: exact

solution when A = 2; dash-dotted line: exact solution when A = 3; square: wHAM approximation
when A = 1; circle: wHAM approximation when A = 2; delta: wHAM approximation when
A=3.
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3.20GHz. Frank-Kamenetskii Z%{ A\ = 1, #&HUESE ¢ = —1/2, HibhZtt
BT L[6(x;q)) = LU8D 5 RESHHEFACE T 60 Wi /N R e 7
Y712 K& CPU FERS N 31 7.

# 3-1 Frank-Kamenetskii 52 A\ = 1, =8 K& 5K ¢y = —1/2, HHEABHT
Llb(x;q)) = LU0 w, RE) 5 #EERFT 60 B sk B M 6 2 5 i% £ B 97 A 2 89
CPU #£1.

Table 3—1 The averaged square error and the CPU time for the 60th-order wHAM approximation

versus the resolution level j in case of A = 1, the convergence-control parameter co = —1/2 and
the auxiliary linear operator .Z[¢(x; q)] = %
7, resolution level ErrSQgo CPU time (sec.)
2 2.84 x 10798 0.15
3 5.98 x 107 0.29
4 3.98 x 10711 0.36
5 1.81 x 10713 0.51
6 6.51 x 10716 0.92
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# 3-2 Frank-Kamenetskii 2 A\ = 1, =8 K& 5K ¢y = —1/2, HHEABHE T
Llp(x;q)] = LUED w R R B S K B S AT (WHAM) 5 # %2 F 46 % (HAM) 49
¥ 7k £%5 CPU A& A L.

Table 3-2 Comparison of the averaged square error and the CPU time at the different order of

approximation m given by the WHAM and the normal HAM in case of A = 1, the convergence-

control parameter ¢y = —1/2 and the auxiliary linear operator .Z[¢(x; q)] = azg;;q)
ErrSQ,, CPU time (sec.)

" wHAM HAM wHAM HAM
5 6.08 x 1079 1.20 x 107% 0.9021 0.0350
10 1.16 x 1079 5.57 x 107 0.9047 0.0806
20 1.18 x 107% 2.81 x 10798 0.9089 0.2662
30 2.04 x 10712 2.34 x 10710 09114 0.6990
40 2.16 x 1071° 2.49 x 10712 0.9143 1.6146
50 4.89 x 10716 3.07 x 1074 09171 3.5780
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Fig. 3-3 The error distributions given by means of the wHAM for different resolution levels in case
of A = 1, ¢ = —1/2 and the auxiliary linear operator .Z[¢(x; q)] = %. Dash-dot-dotted

€T

line: j = 3; dashed line: j = 4; dash-dotted line: j = 5; solid line: j = 6.
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Fig. 3—4 The CPU time (pre-calculation not included) versus the approximation order m by means
of the wHAM in case of the Frank-Kamenetskii parameter A = 1, the resolution level j = 6
and the different types of auxiliary linear operators. Solid line: ko = 0,x; = 0; dashed line:

ko = b, k1 = 0; dash-dotted line: kKo = 5, k1 = 5.
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Fig. 3-5 The CPU time versus approximation order m by means of the normal HAM in case of

A =1, the resolution level j = 6 and the auxiliary linear operator defined by xo = 0, x; = 0.
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Fig. 3-6 The averaged square errors versus the order of approximation m in case of the Frank-
Kamenetskii parameter A = 1, the resolution level j = 6 and the convergence-parameter ¢p = —0.4
for different auxiliary linear operators (k1 = 0 with k¢ varying from -5 to 5). Solid line: kg = 0;
dashed line: ko = —1; dash-dotted line: ko = —5; dotted line: k3 = 1; dash-dot-dotted line:

K/o:5.
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Fig. 3-7 The averaged square errors versus the order of approximation m in case of the Frank-
Kamenetskii parameter A = 1, the resolution level ; = 6 and the convergence-control parameter
co = —0.4 for different auxiliary linear operators (kg = 5 with x; varying from 0 to 5). Solid line:
1 = 0; dashed line: k; = 1; dash-dotted line: x; = 3; dash-dot-dotted line: xk; = 5.
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Fig. 3-8 Comparison of the averaged square error curves of iterative and non-iterative wHAM

in case of the Frank-Kamenetskii parameter A = 1, the resolution level ; = 6 and the aux-
iliary linear operator .Z’[¢(z;q)] = %. Solid line: non-iterative results; dashed line:

IterOrder = 1; dash-dotted line: IterOrder = 2; dotted line: IterOrder = 3 dash-dot-dotted
line: IterOrder = 4.
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1 k=27, 1=2i _1
B {i= [ porp(olas @-27)
0 k=0, 1=1

B (27 + 1) x (27 — 1) HiFE.

TR AR, LR m B/ NI SR TR — a8 S 2 2 N
B2, 20 4 2 DRI, BIMIEE V,, A 6, q, WMOEWFA] DABFEARAR. ABAN, 1 Fr/h
BT VTR 62 T, MUFAEWAA R IR, 45 1 B P AR T BSR4
Ka, AR B SE, AT MS 2 JFOE R A g
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R AR LA AR F ARG IR B AT T ik B A L EHERFE R

4.2 RS

L AR RS S AL ¢, FTLMS RIS/ NE RIS AR, (R85 = B 448
e SEAEORTT UM st. R, fEARZ ik G AN RS 754 I 35851 T
KA. ANe— e, X LA Frank-Kamenetskii 248 A = 2 AFIX /NI [E4S 5
T )T AL T A A R AT 1.

4 —
i A WHAM: lower branch
i [ | WHAM: upper branch
[ Exact: lower branch
i Exact: upper branch
3 -
z 2}
: -
1 -
i A-A-A-A--A A 5
i A—'A"A- A A -A-A__A
0 -’A‘\ | I | | | I | | I | | | I | \.A‘~
0.2 0.4 0.6 0.8

B 4-1 Frank-Kamenetskii 528 \ = 2, & #HEKF j =4, BHEABET Lo(r;q)] =
% B, BT SN IR RIS AR L A A AR 69 2 L.

Fig. 4-1 Comparison between wHAM approximations and exact solutions in case of A = 2, the
resolution level j = 4 and the auxiliary linear operator .Z[¢(x;q)] = %. Dashed line:

exact solution—lower branch; solid line: exact solution—upper branch; delta symbols: wHAM solu-

tion—lower branch; square symbols: wHAM solution—upper branch.
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WL RIS AL ¢o MR, T SORAREET, Bl = -04; £
SCARSRIE, B o = —0.2. TR SRMFT 2 B9 1 F PIS/NR R SR A Ak Y
XFEEAE LA 4-1 o, A8, _EF WIS/ N R A SRS e vl 5 15 I
XM/ INBE RS 0T 5 F6 A 2 A [T SR A _E A Y.

1.0735

1.073 -

<1.0725

1.072

RN FREEE IR PR FEEEE FEEEE FEEEE FEEEE FREEE NN |
1'07150 5 10 15 20 25 30 35 40 45 50

n

B 4-2 Frank-Kamenetskii 54 A = 2, 2 # 5 KF j = 4, HHLEELTF Llp(r;q) =
Do) wh, FRMAK A, MERKH R,

Fig. 4-2 The parameter A, for lower solution versus iteration times n in case of the Frank-

Kamenetskii parameter A = 2, the resolution level j = 4 and the auxiliary linear operator
2 .
L1g(w;q)] = 572,

N1 =B SUR DL TR, B A, RN 2R TR (4-6) H
ATEHFE (4-7) P ETEE S A LEE n /N FEMSIERIFRIE R, 18 42 H
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K 4-3 53525 H T Frank-Kamenetskii 240 A = 2 B 3RAR T SZARAN 37 g f o
ZHL N, BEEIERIRE n B9ZAE DL WNEFR AT DUE . BEE EAIREL n HYIE
I, ZHCA, SRS XA TR HY A 5 B BB s, X 2
I 1 /N (S 53 AT 5 2540 22 e [P SR Ao 1A RA P A .

IEEEE FEEEE FEEEE EEEEE FEREE SRR FREE FREEE FEEEE FREE |
0 5 10 15 20 25 30 35 40 45 50
n

B 4-3 Frank-Kamenetskii 528 A\ = 2, S #HEKF j =4, BHHEABET Lo(r;q)] =
Colwia) b, b X MAK A, MBKKHK n 8 Tl

Fig. 4-3 The parameter A, for lower solution versus iteration times n in case of the Frank-
Kamenetskii parameter A = 2, the resolution level j = 4 and the auxiliary linear operator
Llp(:q)] = L4

BRS04 P AR /N R 57 17 95 25 i TR e el
S, FEEITT SR/ NIGEAT. 9 T XTI e T 52 R0 H 97
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fitr, NHIZS 12 Bratu JTFETERENY wine—X 12 EE =F025 I IURG R (3-3)

[ | wWHAM solution
Exact solution

umax

IS
\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I\\\\I

IR IR SRR BN RN SN
0 0.5 1 15 2 2.5 3 3.5
A

B 44 HMEKF j =4, BHERET Lo(r;q) = L9890 5y, TR A Tk MRS

H AR R0 3 L

Fig. 4-4 Comparison between wHAM approximations and exact solutions for different Frank-

Kamenetskii parameters in case of the resolution level j = 4 and the auxiliary linear operator
9 ¢(a39)

ZL¢(x;q)] = =557 Line: exact solutions; symbols: WHAM solutions.

I (3—4) AT wppap—X HELAVRT A AT o1 T R 2T RS -

92
A= 2 cosh? (%) ’

0
=21 hi{-])].
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K 4-4 25 H T A1) Frank-Kamenetskii 22450 T /N EG fR-SFE BRI AT LG
AR, TEREMRAFAEMIIXTE] X € (0, N\ £, FIRH/INE RS2 77245 2 5/
I SREGE T A

43 RET/NG

ANEE L2 Bratu JTRRAEATEGIN 20 TR /NB RS AT 7 2 A
BRI LR B RS, 1L 5 AT X A RIS SR, B R AL
W T — DS SRR AR E . TSRS SRR E R, 75
YRR RS A A E T AEE, S B B EIE AT R, 5
BB iR, a] DA A2 R G DK E MR AR et 77
REMRI AR L/ NI RIS 0 A 5 35 W R R LAZRAS — 4 Bratu J7 82 T AT (1047
3.

=

G M ATTH AR NIRRT AT, g S S AR
WA T IEA T DA ROt S e i HAERBRE R, /NS AT
JTER I BT St IX W]/ NBERIAE 70 M 5 5 AR AR LA 22 Ak (] SR o
AR ).
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FHE BEXKUEEMIAEDNERRSHITE

ARFFELL4E Bratu Ji 2 [127-129] NEAL ) S 45K AR o3 )3 # /N
W A4S 34T J7 1 (wavelet homotopy analysis method, wHAM) [ 364X AR 5 Bk
R, BT IR AR 7 A Y R S A T SRR, B T A R 2R AR
WAV, BT R R0 s/ NBRS 9 A 5 s A AN 78 ).

51 /NREMESHTENERRDE
IINBRIAE 7 A 7 AR AR LM i T RE AR ]l F R A R B AR 55
LB PROR AR W T R A R AR DL, HE R R AT
(1) FEARA TTREA, 2 2 o B 20 AT Hh— 2 22 20 25 i) B st BOR A
AR —F A B T i

(2) AW SEGT A, 0 7 REE R BRI T AR, A
WIONFRR 8 B 45 A (2-30) ABH T, T2 e i —Fh 2T
T il 24 ) PR B3

N, PAZYE Braw J7 RN ARVERRL, O SRAR AR M 553 T3 RE /N T
1A T R B AR S RE D R T 4.

5.1.1 [o)RRER

% Bratu J7FE [127-129] N

(92u(x, y) 821,6(1’, y) u(z,y)
92 + B + X" =0, 0<ux,y<l1, (5-1)
FH R BB A -
uw(0,y) = u(l,y) = u(x,0) = u(z,1) =0, (5-2)

Hrp A & —1MKTF 024, Bl Frank-Kamenetskii %8 [122].
FRAESCHK [122, 127, 1291, 4 Bratu J7 R B FERE LA
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A AR b AR 19 ARG )5 9 )4 AT o R B B RS AL S

(1) H0< X<\ B, GFE LT,
(2) X = NI, FFAEME—f#;
(3) G\ >\ B, FofiE;

Hodr N AYIEAE N\ &~ 6.808124423. N T i, AFEAUF 16 4k Bratu /7 FEAE
0< A<\ BIECHERGER T S/,
[F) 58 = pMMeE—1F, 51k

Vi) =exp |~ yuten)| 53
W JETTRE (5-1) 4R -
V(e y) V2V (2,9) = YV () - YV () — 5 =0, (5-4)
EINA:RpuR TS SESy R
V(0,y) = V(Ly) = V(2,0) = V(z,1) = 1, (5-5)

Horp v A V2 433 R B TF Laplace 51

512 EARRHMIE

BIG, WP (5-4), &N HARZIER T

A
‘/V[¢(w7 Y; Q)] = ¢(Z’, Y; q)v2¢($7 Y; Q) - V¢(l’, Y; q) ' V¢(Z’, Y; Q) - 5 (5_6)

I Vo (2, y) A DRI, & MRIBIZIESR T, oo MRS EL, W
W FMESEL g € [0,1] ATEESZ AN R ZRBHE AL TTRE -

(1-q¢)Z [o(r,y;9) — Vo(z,9)] = cog:N (7,95 q)] , (5-7)
PN 0 R4 h -
$(0,y;q9) = &(1,y59) = ¢(2,0;q) = d(x,1;q) = 1. (5-8)

— 56—



LG K F AP T FAF AR KRAR S T AR DN IR FAE AT 7 ik

TR, R EM LA T (5-7) LA AF (5-8) 7 T M AT LA 4 I i
Vo(z,y) BT V (2, y) Z B —DFEE. ¥ o(x,y;q) BIFNEMESE ¢ 1Y

Maclaurin 2245 :
—+oc0

o(x,y;q) = Vola,y) + > Vilz,y)d", (5-9)
k=1
Hr,
1 0*¢(z,y;9)
v =9 )] = =——2 L 5-10
w(@y) = Zlole,yiq)] = o7 q:07 (5-10)
MIARYE o(z,y; 1) = V(x,y) 15:
+o00
V(z,y) = Vo(z,y) + >_ Vilx,y), (5-11)
k=1
TR m WY I -
k=1

ER AT (5-7) MiB G454 (5-8) Mimam/EA m By Rk S5 1
15 m AR T .

L [Vin(#,y) = XmVim-1(2,9)] = coRm (2, y) (5-13)
YNSub s S
Voo (0,) = Vin(1,y) = Vin(2,0) = Viu(z,1) = 0, (5-14)
Hr y,, ME LS5 =% 3-18) AR, AU R, (,y) N:

Ro(z,y) = Dpa{N[o(z,y;9)}

m—1

- Z V:s(xa y>v2vm—1—s($a y)
0
1

A
— VVi(x,y) VVy_1 s(z,y) — 5(1 — Xm)- (5-15)

]
|

3
[

Il
=)

AR 55 = 2 M A SR 7 SR | 33 e A NI -
Vo(z,y) =1, (5-16)
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AT (5-5).

Al Bh 2 ST B IUE M 5 = EE 4 B R A7 AR SR AN B R DT G S0 T
BRI (5-4) N ZBriRG JT R, HOR T HAE R o My HAXFRIE, % E
Laplace &1

Loz, y;0)] = V*6(,y50). (5-17)

AR, RIS TR OCER S, DAL (5-14) T, Laplace & T-REH
AL AT R (5-13) BIMRAFAE. KT RIPARHBIZIE R 7, TX
bt — e,

g A BIRZA IS B LR B (BAEAE R [FHE AT 71
HEZR T IR G AT, R R hr i J5 R AE DXIEL [0, 1)2 s i
ok, BARN [41,130]:

+oo
V(z,y) = Z[Cm sinh(akz) 4+ Cj, 5 cosh(akz)|[Cy 3 sin(aky) + Cj 4 cos(aky)]

k=0
“+o00

+ ) "[Ch5 sinh(Bky) + Ci g cosh(Bky)][Ci 7 sin(Bkx) + Ci s cos(Bkx)],
k=0

(5-18)
HP RS o, BT Ok, (0 =1,2,..8) LA E. B8, FHiEFiZE T, W
FEAEGE RG34 T3 1 BIAE B P A AR A () it 12 320 53 4 PR R g 38 SR 1. T A
/NP RS BT T BIRE SR N, MIAAFE AR XA A [, 220 BE ], IR/ INIE [AAE
GIMTTT I — KA

A2, QT CRUERG RS > 155, WS =R, /INEIRME 347 712
XA A B2 B 7 B R SR A IE M I SOFE /N RS A T S BOREZR N, 4R
A 18 B 5 B 2V B 7 LU AR S EAE 43 A 7 I B0 N R B, 5 — 7T, B Hisi=
B co TRAIL T —AMERERY T VRIS BRI 8. AT R — 2B 40 HsE BUE G 82
oo M—E@5E . — RS, AHBIEEE T 2 fsa I 2505 9E
MEE T o HHE, M o BARIX ER [—1,0). TIAERMRPIER S, E5RR
G T R A A B I B I SUS AL (optimal o) [41] BT, WA 2 Eid,
AT DAE/NJE RS 4387 7 i Rt A 2R AR S B i A A, DA IR A =43
5 TR N B 7 P O S RE AR UE AR SL Y co. — R TL, MRRTUSIERT ¢
PEEAS R AR UK, MORT— 1 rT B2 IR SIS S O R FIME. X FiX
AR, T OORSEE ARG 19T
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513 /MNERRERTTIE

FIHSE —FA BRI/ N BT (2-29) % EETD T4 (5-14), WV, (x,y)
TSI Ry (2, y) W5 BURIF A

—127—

Vo) ~ Pty - 3 STV ( )m Youly)  (5-19)

k=1 I=1

Rp(z,y) ~ P'R,, ZZ ( ) wik(@)e(y), (5-20)
k=0 (=0
/\EF],
kol &S (kLN o, kol
Rm(2_37§): 0‘/5(21 )v Vm 1— s(§a2_j)
m—1
ko ko A
- - V‘/s <2_ja 27) ’ va—l—s (2_]7 5) - 5(1 - Xm) (5_21)

¥ (5-19) F (5-20) AN m TEAE T2 (5-13) /T, RIS

Sl ) (;,%)]g[wxm(y)]

k=1 I=1 o (5-22)
> 2 ko
XY B (08 ) eislehento)

‘J_‘Iﬁﬁ SHEGENS T T AR B2 BT m IR T BRI R4 (5-14)
ZARAEN T (5-19) 1, WU T AT BN NN AT
ﬁT*%ﬁﬁ@zm,u%g)%m)@zsz- L2 — 1) SRR ELS

BIFRAEE A PR, FEAE [0,1)2 XK ERLUY, 15 m B/ N T A 7 fe

AT rvec (Vi — XmVm-1) = co BT rvec (Ry), (5-23)

HA rvec(r) HIEITHEE T, Vm M Vo B0 (27 — 1) x (27 — 1) HFE, 725
FESLUTE _
Bl k, 1=20—1
o (5a ),

Lol k,1=21—1
me = :Vm, oy 3
e (59},

59 __
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R M (27 +1) x (27 4+ 1) AP, HHTEL:

kol k, 1=27
Rm = {Tk,l = Rm (—., —) } . (5—25)
2w k, =0

BEAL, REOERE A B EAIE R TE, REUERE B O HEIERE, 11050
A=A QA +A, QA (5-26)

i

B = By ® By, (5-27)
Hrf @ 7K Kronecker 5K, Ay, Ay Y979 (27 — 1) x (20 — 1) HiF%E, By M
(27 +1) x (27 — 1) 5%, Rp:

. 140 k,1=27-1
Ay = {ay = Iy k, =1

. 12 k, =27 -1 _
A —{akl—Fkl}kl 1 (5 28)

BO—{bkl— kl}:i ll 21J 3

Horr 190 B8 % (2-32) AUBTE SR R AL
JEIESAE m B/ NP P AZTTRE (5-23) (m = 1,2,3,--), PRI ES
AL (5-12), AT 2772 A i B (BU N R AR .

514 REHHREREE

18 m WP TTRA s IR T B R, FREER Vi(z,y) s =1,2,. - 1)
XA o Ay M — w5 A R S X Tm S A A %Iﬁi*’?*iﬁ%ﬁ
(/N IE T (2-30) EEEHRAL T — i &9k

SN, WIS 2B R AT AHE R IR . /N IE T (2-30) firds H B IE A2
— AR, O, ZERR A SRS, XA SRR E A R,
F3—JTI, ]S Coiflet /N IR FHGH , XA FE (2-30) K FHFERE
/N WBRATHR AR YR, 2/ NRRESRAIS SEE IR, FE .
B, ANVE MRS EERIRCR R, (2-30) 045 H Y/ INIGEVTHAS & — I AR .

KT YA AL, ARV SRR H R e B R, A T U
HIEEAEAR ) & S V2 EHmIE T PIAT PN

Vi(z,y) =~ PIV,(z,y) = Zv(QJ,y>%k) (5-29)
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Vi(z,y) ~ PIVi(z,y) = ZV( )cp]ly) (5-30)

MU S ERYE, R 2 = Vi(z,y) A 7 =4 R B —sk i, im
— B A 2 1 D) TR B AR s,
= S RO AR S R i Ze Ry T LT IR, IR, AT SR S R R
AN bR FH B i R T A/ INBGE T, T LR AT i A I AT 23 R (5-29) Al
(5-30) 3K n Br-, FUSRAR Sl i 0aew)

27

O"Vi(z,y) _ 0"PIVi(z,y) _ ko d"jn(z)

oxn oxn - ;VS QJ"y dxm (5-31)
O"Vil(w,y) (9”PJV (z,9) d"pjaly)

3y —-ZE:X/ %) "ap (5-32)

*5-1 45 H TARS %+K$T%Wﬁ%%$%yﬁﬁM%ﬁ§%%ﬁﬁ
WS L. AR, Hr PO RIS R A LR B AT 2.

& 51 Rt 54 FAUIE k5 Poik 5k TR 2 95 KT T 89 RAn 5 S0t vk,
Table 5-1 Comparison on the number of terms between the general algorithm and the fast algorithm

for the approximation of partial derivatives at different resolution level.

IRAAF o
A SN RER
ji=3 81 9
j=4 289 17
ji=5 1089 33
i=6 4225 65
RS =513 2.0, B iRz
0"f(z,y) 0"Plf(x,y —i(N—n
‘ a;n ) _ a£i ) B < 027 IIN=n) (5-33)

A$CE~A&W%?uiﬂxmﬁﬁLﬁ&%immﬁﬁﬁﬁ,Nﬁﬁ%
BEEL, HOo<n< N.#Hn=0, W ((5-33)%&H T/ NGEIT (5-29) FIRZEAG T
K T2y B SA IR ZE A Tt aT [ RS2
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MIRZEMG TR, WA SRR E BT R g, A5k b
TR ALEIEY LA 2 B/ NERAT, SONEE BRI, PREFIEER B2
BT LA, AN, AN LR G ) 2 B8 s 4y (a5, I RE R o
JEASTEN.

52 HESH

HTETX, LUF irE 8RB R — G 1AL B EAR], HHEALRIE
KHCE A : DELL Inspiron 3847, Intel(R) Core (TM) i5-4460 CPU@ 3.20GHz.

5.2.1 UYSES

LN RS A4 D7 v, AT LA IS 3 1 42 B S 3L ¢ SRPRIERE B LS.
AR, X H Frank-Kamenetskii 240 A = 1 AWEF T2 4. 0 T IRIEILEL,
THE BRI ¢p = —0.4.

% 5-2 & FF] Frank-Kamenetskii 5% \ T, ®mAs%E% (WRM). % % B9 4 7 % (HAM)
v NIRRT R (WHAM) (J = 5,¢9 = —0.4) Z DK BRI ERER (.wHAM) (j =
5,co = —0.4) 13 5] &9 17 69 & RALX L.

Table 5-2 The maximum values of the solutions by the WRM, the normal HAM, the wHAM
(7 = 5,cg = —0.4) and the iterative WHAM (j = 5,c9 = —0.4) for different values of Frank-

Kamenetskii parameter .

umax

A WRM [128] HAM [41] wHAM i.wHAM
1.0 0.07795 0.07810 0.07810 0.07810
2.0 0.16659 0.16689 0.16690 0.16690
3.0 0.26985 0.27036 0.27037 0.27037
4.0 0.39453 0.39552 0.39554 0.39554
5.0 0.55439 0.55696 0.55697 0.55697
6.0 0.78711 0.79711 0.79710 0.79710

B 5-1 25 TG j = 5 ify = 1/2 48 1B 5By 10 By 20 B &
50 Fr/INpe [RIAE i RO AT th 2. g TR el R0 Bl B B0, /NIRRT s
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0.08

m=1
m=5
m=10
m=20

0.06 m=50

0.02

B 5-1 Frank-Kamenetskii 54X A\ = 1, 2 #FKF j =5, HHKEEHK o= —04 8, F
) -0 IR B A 2k o Y AR o 4.

Fig. 5-1 Section curves at the different orders of approximation, given by the wHAM with the
resolution level j = 5 and the convergence-control parameter ¢, = —0.4. dotted line: m = 1;

dash-dotted line: m = 5; dashed line: m = 10; square symbols: m = 20; solid line: m = 50.

ST, 20 BrEO/NRRIE AR B4R 50 BT e A
N T2 A, EXFREN:

1 & ko NANE
R@SETTm = m ZZ |:um (E, 2—3) — Um—1 <2_J’ 2-]):| s (5—34)

k=0 1=0

HA i (2, y) T G (2, ) S04 m B B (m— 1) B/ BRE R, Bk ZE 22

— 63—



R AR 2 AR 19 ARG /) IR RIS AT T ik B R B SGR K F A AL S

B 5-2 Frank-Kamenetskii 54X A\ = 1, 2 #FKF j =5, HHKEEK o = —0.4 B, 5
A4 m 8 T,
Fig. 5-2 Residual error of the solution versus the approximation order m in case of A = 1 at the

resolution level j = 5 by means of the convergence-control parameter ¢y = —0.4.

Bl 52 FTLAAEH: BEE WA EE N, A2 dus F . Xl B/ N RS 0 A J7 3%
HLAHT NS

LK AE, AT AR1EAN[F] Frank-Kamenetskii 240 N /N IE T, 3 5-2 44
HTRE N, B EGE (WRM) [128]s 4 58 A 1€ 73 A U7 % (HAM)
[41]s /NS 4 T5 3 (wHAM) (= 5,¢0 = —0.4) M/ RS AR AR
(i.wHAM) (j = 5,cp = —0.4) 3B ERT B AR wmae = w(1/2,1/2) BIXTHG.
S8, H/NERME T T7T 1 (WHAM) M/NERSIEAREOR (.wHAM) 152/ fES
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HARPIRN T A 2 AR S5 R 4T

522 TENEST

BAAR (411 G G SR FEE T, DIRRECN SRR, UL ZLo(x,y;9)] =
o1 Soleia) 4 o, SO0 HREBN MR T (RIATEL ¢ = 0) 3 4 Bratu J 7
BEFTIESRAE, F NS /INE R 04T U5 2 AR GERAE 0 A7 U7 15 B SR IR g E A 7
k.

WA, 2k Braw JTRREARETATIE. 4 RAL S G AT
TitE ANBE RS A 78 S N FS IR AR BEF TR LY, AN SR ERL S HE 30K
- j =6 I 120 B/ N FHS AR N Z ] GCA wpep (2, y)), ELANF GBI
Ze:

27 2 2

ErrSQ., = ﬁ ;; {um (2% QZ—j) — Upes (Qﬁ] %)] : (5-35)
A Gy (2, y) 0 m WHIEE, 5 /NI RO (EAL GRS 201 )5 1 TR
VENSRFNITEL Z40).

# 5-3 gl ga 7 AL G RAE 0 A U7 R HAM)S ANBCRINAE 0 A U7 i
(WHAM) M /N5 RS % AR A (L.wHAM) SR A5 2 1 50 B 18 0T 19 5 K (H
Umae = w(1/2,1/2) « BTTIERZE ErrSQso MXI M) CPU FBRY. 4%, /NE[A
BT T 1 /NI S IR AR B A ) CPU FBHT LA GRG0 A7 7 1 B /15
B PREIK 5 < 50, SR/ RME 7387 J7 8 R/ N RS IEAREOR RS 50
I iE AR AR 2 FP R CPU BT, 0 HERIKF § = 6 IR RZ) 40 #h 1Y
CPU #&M. 211, (EGFME AT 7 TS 1950 B, D9/ INE RS 434 535 B AL
T AN, BAPERIKF 5 > 5 I, 50 B /N RS AR R 2 TR 4 lRle
AT, BAT I M TR R FEMS 7, /NBRE A T AU SR
R B PR RS, KRG ARG e — 2. eAh, /N RS IR AR
A (GL.wWHAM) A2 s s, nE 537w,

523 WEHIEEETFRIZmSH

N T BB TR A B 2R T A s O i U SR L R, X 2P
S ROV SRR B At 5T, BRI RE (5-4) o B ARZRIE Wi TR,
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# 5-3 Frank-Kamenetskii 3\ = 1 8f, §E LR 7 & HAM) (cg = —1,¢1 =0,¢3 =
—1/2). DERS I T E (WHAM) (o = —0.4) Fo ) I B4R A (1.WwHAM) (¢p = —0.4)
132 8 50 Hri@ B xF R 69 FF R KAL wppaes T HE ErrSQs YA% CPU 425},

Table 5-3 The 50th-order approximation of ..., the corresponding averaged square error and the
used CPU time in case of A = 1 by the normal HAM (¢y = —1,¢; = 0,¢o = —1/2), the wHAM
(co = —0.4) and the iterative WHAM (cy = —0.4).

j Umnax ErrSQsg CPU time/sec
HAM — 0.07810 1.27 x 10710 1950.0
wHAM 4 0.07815 2.33 x 107% 0.56
wHAM 5 0.07810 2.50 x 10711 1.78
wHAM 6 0.07810 1.00 x 10718 42.56
i.wHAM 4 0.07815 2.33 x 1079 0.47
i.wHAM 5 0.07810 2.50 x 10711 1.71
i.wHAM 6 0.07810 1.54 x 107 39.15

& 5-4 Frank-Kamenetskii 54 A\ = 1, 9% F KT j =5, #HHMELEHK g = —0.4 8, %K
J R F) 4 Bh &0 743 3] 69 50 Mok RIS AR 6939 5 3% £ R P AT B 69 CPU #£.0T.

Table 5-4 The averaged square error and used CPU time for 50th-order approximation given by

means of the wHAM with different auxiliary linear operators in case of A = 1, ¢¢ = —0.4 and
j=5.

K1 Ko Errsg CPU time/sec
0 0 2.50 x 107! 1.78

0 1 2.50 x 107! 1.89

0 5 2.50 x 107! 1.88

1 0 2.50 x 107! 1.95

5 0 2.51 x 107! 1.96

1 1 2.50 x 107! 2.02

5 5 2.47 x 10711 2.02
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—_— HAM
— — — - WHAM (j=4)
————— WHAM (j=5)
) ————— - wHAM (j=6)
10% m i.wHAM (j=4)
—@—— iLwHAM (j=5)
XS ——A— iL.WHAM (j=6)
10° —
3
S
N
0 -
10-19 —_
24 | [ [ [ [ |
10 0 10 20 30 40 50

A 5-3 Frank-Kamenetskii &% \ = 1 i, $14EL RS H 7 % (HAM) (co = —1,¢1 =0, ¢0 =
—1/2). DERES I T FE (WHAM) (o = —0.4) Fo )y B4R AR (1. WwHAM) (¢p = —0.4)
A7 2] 89 AR 89 3 7y ik £ LA R AR R 200 T,

Fig. 5-3 The averaged square error versus the approximation order or the iteration time in the case
of A = 1 by means of the normal HAM (¢p = —1,¢; = 0,¢o = —1/2), the wHAM (¢ = —0.4)
an iterative WHAM (¢ = —0.4) at the different resolution levels. Solid line: HAM; dashed line:
wHAM with j = 4; dash-dotted line: wHAM with 5 = 5; dash-dot-dotted line: wHAM with
j = 6; line with square symbols: iterative wWHAM with j = 4; line with circle symbols: iterative

wHAM with j = 5; line with delta symbols: iterative WHAM with j = 6.

FHHTREARG KT AR o My BAXFTRNE, Mok Bt " Hhatt i r
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N

82¢(m,y;q)_+_32¢(x,y;q)

ox? Oy?
0¢annq)+_0¢@%yuﬁ

or oy
H ko M1 ky BIAEEL, AR ko 1 kq R RCEAS R B4 B EE 57

XA =1MEE, G RADHFEKT j =5 HHIEIEZE o = —0.4 ¥
Froffi. RIDAFEHBZIESE T (ko € 0,5] , k1 € [0,5]) 1521 50 Hr /N [F]
SRR T IR ZE SO Y ) CPU ABR IR 5-4 Fos. AR, RS RH TR
A Bh et 87 (BN ES AR 03 77 1R 25 K CPU R #E L-F- AR 2 52 0. S2Fx
b, SHARMEITIL OO, R sEAL, R NE RS ST TR E S
PRAL TR KIS BE B B 72 B . 28, A58 54 Frow, 5/ e
OITTTIERINEZE T, SBIRIE S Tz B AEE TRy R, Fit, X
28 EM AR M T RE , AE/ N RS M T TR PR SR R ik — S EE R 2k
BB T INA G, XA/ NE RIS ST T RS 51 1 2 e,

LNo(x,y;9)] =

+ K1 + I{OQS("E? Y; Q)v (5_36)

524 EFNSSHEIEST

AN ECSEL co LS M T B B EEE N (41, 55 AT #E—2
Ui I S8R/ NI RS 20 87 5 125 O BRSSO L B2 e, AR5 51 X Frank-
Kamenetskii 2240 A\ = 1, K j =5, &MEH 74 Laplace &1, HI
ko = k1 = 0 HIIHIE, RAASIE B9 S ELZ AL ¢ A = 4E Bratu J7 AT 73R
fife. WIS SRAFAFEN AT 50 B/ N FHE RERT I JTIRZE ErrSQse MO ) CPU FERY
sk 55~ NERPATLAE R Y ¢ € [-0.4,—0.2) B, 50 B/ N RIS
FiRZEF CPU RERTHLJL-FHHE]; T4 ¢ € (—0.2,0) B, [FAER]T LARAFULELH
/NS AE, AN SR EE g — 2l nT WL AR/ N RS A T
BRI ECSEL oo HIIEBOFASRBUR. R, 15/ NBEFS 70 7 8
NI Y I U S S BT A IR

53 AKE/DE

AREEEFLL T YE Braw ST ZRVEARAL, 25 T ORAFARZIE o0 T3 REd
(ELI AT /N RS AT 7 S RO B A AR S A P R, FRFIX A AT 58, 62
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# 5-5 Frank-Kamenetskii 58 A\ =1, 9#HFKF j =5, HIEAREFEK kg=k =0
B, SRR R B2 ) WAL A AT B 69 S50 Mo )s Ik RIS AR 6935 75 iR £ R P AT R 69 CPU #60¢.
Table 5-5 The averaged square error and used CPU time for 50th-order approximation given by

means of the wHAM using different convergence-control parameters in case of A = 1, kg = k1 = 0

and j = 5.

Co Errsg CPU time/sec
-0.10 1.89 x 10707 1.77
-0.15 2.30 x 1079 1.78
-0.20 2.96 x 10~1 1.79
-0.25 2.18 x 1071 1.79
-0.30 2.46 x 1071 1.78
-0.35 2.50 x 1071 1.77
-0.40 2.50 x 1071 1.78

TSR Am-S RO PR N R AR R L, BT R EE R AR EEANTE,
T T /N RIS AT 7 1 B FE I

INRRAE A T AR R T AR GE R AT T3 5 S RS, RISt e
LR, ENEEE:

(1) PTG SSE, AT DMRIERFR WS, T ELAE /N RIS 434 77 12
TR RSO R T R X P R  S S R e BOR UG, R
R oy U 4 B RMCS EHORT AR L M R R A 5

) WX TERGERFEe T, ANEFEE 2 5 AU J 1 4 Bh 2%
VRS ez B i, T EL i T AR A S S T R R R A B e S
WO AU, B/ N RAE 0 A J7 3 s — a8 S W Hi B &b 55 7
AAFTEINAS Ty, EAEARKAEE BORIE T /N RS 3B T3 2 %60 B2 4 [m] L )
A& A LA AR B R A R

(3) FEARL I TIRERRAGE S, NBLRAE AT T3 A SRR SR AR TR 4E 1
[FIAE AT T iR I H 2 B35

(4) /INRRIE IR AR AT LA 2 s i A A



R AR 2 AR 19 ARG /) IR RIS AT T ik B R B SGR K F A AL S

BEAN, AREE BT 28 0 SR S AERN 5 FE 2 ] Bt 21 B e 24 A il
(EL IR SR, 22 TCRE ], /N AT T i AR SN 2R 2 5 TR AR
(AL ELAT ™ ] (9 17 RIS RT R e 7.
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ENE FFFRORFGRVNRLIETTE

FERL TT RRIIAE A ) SR AR, W PEBE AR TS OO A RO AL B, T REAS
IE ML EX SR T R A A, WA AR RERS v e T I A R0, STt s
JIRe, AR TR Byt i) B A AR Hl i A S A, T TR LM R Ty
M, HTEMESNREEAFER, SRS w mE, 1Bk,
A BB IR BN (2 AL, AR S T R ARG T e 4=,
A2, XFF)T X Coiflet /NSRRI, FETF BLFEANHE —ETE AT HE 75 o 7 44
W, ?

I~ Coiflet /NEEAGHME. S50 IEACHERBUEEN:, X R 44
b SR 2 0P AL. feid KRR S M, FICHEEE (29, 112, 114, 115, 120]
PEHANAE BT —FhSALT Taylor JEIT D A AE 2 GEILEE — %), JHEHZ Ty
PR T R TR AR, AR KR SCEk A, T U T —ER 4 AT
BT A AN — 2R AR kA B4 (B Dirichlet S5 5% 44) WG TR, Xt
TR HEFF D FE AR, FFARZE R R T 2.

M, AREEAETICHSE AR B gad i e, AT BRI
I~ X Coiflet /NI AL AETS UGH P B — RO 1. X BT, MUK
™ T /N RS AT 7 2 IS VSR, A R I & 2L, R R T
TE /N T VR B HE )R

6.1 Z=ZXERRDFRFMN

Rl 5 TRE el 1B B30 550 = K25 Dirichlet JA 51444 (Dirichlet
boundary condition). Neumann j1 5554 (Neumann boundary condition) F/1 Robin
5444 (Robin boundary condition). ‘&1 TR IAER &M 5444, (BAEIR 240
SRR AR, FTLAR, X =2 AR TR RO B R R, 25 1 Q 3%
IS R (R ) SR DI (XA, 00 2o SRAR DR (3 X)) YL, u(x)
FORERMERT AL, W) =23 FLEEA AT RN T

ST, B Dirichlet 54 1, RARTERAEK LN R 00 L,
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25 E R u(x) HIME, RI:

ul = 1 (09), (6-1)

Heb o A2 E R E R R A EEUE. Dirichlet I A4 EA T 2 EEE L, #
e FEFEVE F RS M RGGE RIS Y, Dirichlet i3 A R (EE ) AR E
LB A E ; W TJ12ed, FORfEl R EEAEERE; frfseh, Rk
NS FEAREER R, YRR T ae, TR B AR SRR AR
iR S R B A R s s S A

BRI R, B Neumann i1 A& 4F, BIGEKM XL A 00 &,
2578 PR u(x) BEEISEUE, B

ou

ol = v (09), (6-2)

o0

Horb v N85 E R E MR BEEUE. Bl N2A P ROR G ENeshid [, )2
TR E AT 2

=KD F AR, R Robin (A, RARFERAFIXIIATA S 00 |, 45
TE PR w(x) A5 N ILIE R S A A R E, B

e

n = v (09), (6-3)

o

Hrb o HEMMARRWEL, v NEERN EMEEEEUE. el Edit sk
INFERESOR, IR ERIR H TGS,

6.2 IEFRIBDAEER/NELIBTIE
H TR AR R et i A AT BT ANE, A ML, XHE
BIREL f(2) € C[0,1], SR T IHFIEST

4
SR pe (-0

3
- 2
1=0
)
0

z €0, 1] (6-4)

Xf%u—nixe@ﬁ

f(x) =4 f(2)

\ ?



b SR R A S A X FAE A RRARAAM G DAL T K

H T IL IS (6-4) 42 M Taylor &N, MURE do,; 1 dy; SEBR B a7
PREL f(o) fEx = 0 Fll oz = 1 M S50 JET i, AT EEHEN = 2257l
Froftt.
N T IE MR AR OGRS, R’ doy B dyy FORANE
( 3
doi = Zpo,i,kfj,k + Qi
k=0 (6-5)

3
di; = E Pk Sk + a1

L k=0
H ) poigs 20 prix oy FIBGEWTT
(1) %2@&5@@%%1*5%%(%%, IJ_\HJ/%\ Oé()J‘ = 0, al,i = O, pO,i,k’ %D pl,i,k %%
RIS REL, B R AR (2-20) WL IE R Py = {27Ypg, i}
Py = {27y 0} 1551

Q) BHHHID AL S v =088 o = 1 LAY § I SEAERE, M4 poayp =0
B prar=0, k=0,1,2,3, H ap; 5K oy, POV SEUG R LR,

4 (6-5) 1R (64), 15:

(3

Z [fj,kTo,k(ﬂU) + %xk] : x € (—0,0)
k=0 :
flz) =< fla), z €0, 1] (6-6)
3
S [ Tiae) + 2@ = 1] we (1,0
\ k=0 :
Hrfr,
3
e =3
7,20 (6—7)
Ty k(z) = pl@:k (x —1)"
i=0 ’
FT B IER KN T S Coiflet /NEIE T :
29 —14M, M ‘
O ( 1; ) oz —k), zel01], (6-8)
k=2—3N-+M;
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R =R EAR T A B AR E AL BT 35, HoAr, o(x) )T 3 Coiflet /NI
ROEBREL, My A RUERBH 0, N MHERRERL, § o PeRK-F. N,
A4 AN B, S =2 ARFF O A SR — IR AL BT 3%, 1T e e ]
RN SR TR IR AL 2 ) Bt

6.2.1 Dirichlet i1 B &4

Dirichlet 1 F &R FE v, FICE%E (112, 115] BLAH, I HAEHR
HHE T Pt B LSRR H , IX B2,

—2%£ Dirichlet A 44— RN

u(x) = o, u(x) - M1, (6-9)

=0 r=
o g Ty BEAEEL
WSS E R B Ao, R o ATy BN SE —E25 A/
WAENT (2-25) FEIE, B

' 211 I
u(a:) ~ P]u(x) = Z u (5) @jyk(iﬂ) + MO@j,O(x) + 1P 27 (33), (6—10)
k=1

Horb g AR T (2-23) AUE LAV R L MY A SECEE Y -

)

d"u(z) _ d"Plu(x)

J—1
kN d"y; d"v; d"@; 9

dan dxn - — 2 dzm 07 ggn U g
(6-11)
6.2.2 Neumann 18 &4
—4E Neumann i3 S 54— B 00
du(zx du(x
% . = 1y, d(x ) B = . (6—12)

IRYEARTELS H I e 773, Neumann 38 54 (R (A0 E 5 W 25 AT

(6-13)

hik(®) = @ 1)

Po,1,k—0, p1,1,k—0
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A AR REEE IR T R A INEGE T (6-8), 15:

27 -1

u(x) %Zu (27) th(ﬂf)—{— Z VOEQO (2J$—Z+M1>
k=0 i=2-3N+M
27 —1+4+ M- Z
+ Z 2 (E — 1) ¢ (Yx—i+ M), (6-14)
i=2741

Hrr ) i NEETEE (2-23) A& LIEEREL, o(z) ) 3L Coiflet /NI YR R
B, My N REREC)— B AR, MR SECET A

n 27 ny -1 . G
du(m)zzu(£>dh],k(x)+ Z UO%dgo(Qx i+ M)

dzm 27 da™ , dxm
=0 1=2—3N+M;
29 —14+M, . ; .
i d"p (2x — i+ M)
~ 1 ) 6-15
T S () L 19

SEBR b, Neumann i 74548 B AL FRT7 AT iE— 20 4E T 2 24 m B 20
fBI¥, B

d"u(x) B d™u(x) B
qm = 1y, P = 1. (6-16)
=0 =1
PO, R e IERIAT
5 ﬁgj/':, 4%%@%( QOj,k(l’) 1%&%3
hjx(x) = @jr(z) : (6-17)
P0,m,k—0, P1,m,k—0

B, RS R AL AT T IR A/ NEGRIL (6-8), 14

27

u(z) > u (2—]“;) hyn(z) + 21: 1/0% (%)mgo (272 — i+ M)

k=0 i=2—3N+M;
29 —14+M; 1 ; m

+ Z ulm (g—l) gp(ZJx—H—Ml). (6-18)
1=27+4+1
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6.2.3 Robin iR &4
— 4k Robin A4 — T

[dzzlgcx) + Uou($)] = 1,

=0 (6-19)
d
{ 1(‘15:) +oru(w) ~ = vy

TRYEAR TR LS H 0 FH4E 4 7775, Robin 1A 5 AL ER 43 = 384T
B, BREL Tox(2), Tog(z) BIEH:

Tog = ’ (6-20)
Ok(ZL‘), k> 0,
i
~ Typ(x) —o(z—1), k=0,
Ty = (@) = ol ) (6-21)
Ty (), k>0
Wi k(T) = @;(T N N . 6-22
Lk( ) SO]J( ) 0,1,k —0, P1,1,5—0, To k() =To,k (), T1,x(x)—=T1 k() ( )
B0, AR AR FR AL R T A I A NBOE T (6-8),
27 L -1 .
u(x) zZu (5) wik(x) + | Z 1/02— (2Ja:—z—|—M1)
k=0 i=2—3N+M;
2 —1+M; ;
+ }: m<§—i>¢@%—i+Mﬂ, (6-23)
1=2741
GEIVASES S A SRR
Tu(r) o~ [k dwis() - d"p (2 — i+ M)
dzn NE:“<w) dzn 2.y dzn
k=0 i=2—3N+M;
20 —14+M; . : .
i d"o (2z —i+ M)



LG K F AP T FoxFE R FRARFA NIRRT R

RETDFEN7 0 3 FG L
(1) FEEEADBF 00 b, RN E 2Rl A0 P2 B I S s
T AR A
(2) BALF 00wl h2 B, Bl 09 =09, o U ... U0, TAESER
SIAFEE i AN R 2B B A FEA AT X R R 2 Hh A = AR A ]
kel
(3) VA EWFE LIRS
FXREE () FEL, AFRFENMEZAMELE. Flan: A—4EnEmsd, #1H
725 H Dirichlet 8 #2541 Neumann 18 54514, WK A LA N iEIL

271

k
u(@) =Y u (g) hjk(x) + pohjo(x) + pahjoi ()
k=1
—1 Z
+ Z Yo ® (2jx—i—|—M1)
1=2—3N+M;
27 —14+ M, Z
+ Z a2 (5 — 1) o (2x—i+ M) . (6-25)
1=27+41

FIXTER (2) R DL, HFAEAR R A LR AR BEIERT AT, Bildn . ££—
AEAE R, A7 Acdma Y Dirichlet ;5250 45 i Robin A 5544, I
JolFER BB IE N -

Wik(x) = @ji(x) 0, Tr (@) Toe () (6-26)
SRR AN /N & i
9
u(z) ~ Z u <2ﬁj) Wi () + pow;o(z)
k:;‘—1+Ml .
+ Y w (2% . 1) o (Yx—i+M). (6-27)
=241

555 (3) FE BUAT S 4 (B In ) AT R SR ALUHE)

. [,
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6.3 TTEHI

INBERAE AT T ¥ (WHAM) B BETE AR et i 5 RS AL MM 7 1.
A, RERERHGIE. RRCRHORAEANE R 7 R AR AR, Al LA /N
RIS AT 7 R R AR e (P, R I 25 5 T S SE I AR T 45 H B9 Ak
I UGN T AT B3 ¥ 2 B KA Rk BT B,

6.3.1 Dirichlet~-Neumann ;& & 151 58 &4 5L /1

L& N R R TR

d?u(x) e du( )

21 =0, 0 1 6-28
P . + u() , O<z< ( )

& Dirichlet-Neumann J& & 5L 4644

B du(z) B
u(z) W= 0, o B 1. (6-29)
HAE W N
u(x)::-le”@’l)snlﬂx (6-30)
T

MRARZE I AL, FERR B/ e i M 4% IR Dirichlet A S5 TE1E, A
1% B8 Neumann i1 54 -&1E, B

hjr(x) = pjx(z) ; (6-31)
P1,1,k—0
AT 2 R AL w(z) B/ NBOE T
27 B\ ~ _
ute) 3w (55 ) o) + ool
k=1
27 —14+M; i
+ > wn (5 - 1) ¢ (2x—i+ M), (6-32)
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0.14

[ | Wavedet solution

0.12 Exact solution

0.1

u(x)

0.06

0.04

0.02

o

o

(o]
\\\I\\\I\\\I\\\I\\\I\\\I\\\I\\

B 6-1 % # % /KT j = 4 &, Dirichlet-Neumann %414 5 # (6-28) #= (6-29) &7 )ik i 5
A7 M Z AT L.

Fig. 6-1 Comparison of the wavelet solution at the resolution level j = 4 with the exact solution
for the Dirichlet—-Neumann mixed boundary value problem (6-28) and (6-29). Solid line: exact

solution; square symbols: wavelet solution.

B/ NENT (6-32) AN TTHE (6-28) 15
2 kN [d%h, dh. -
2 (5) [ ) oSt %th,k(x)]

k=1
20 —1+M; . 2
) i d*¢ (n;x(z)) do (n;x(z)) 2 _
R k=2741 (g a 1) [ da? - dx +2mp jn(x))] =0,

(6-33)
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umm>a—12 2»%&@&,$¢ﬁ%ﬂﬁﬁ%,%;

ATu = ]3TV17 (6_34)
Hrr,
A:A2—27TA1+27T2A0, (6 35)
B =C, — 27 C; + 272 C,,
L k=27
o= (@)),
| k2140, (6-36)
n={n= (1))
k=27 41
FEFE Ay A By 8 SLATF
( |7 N k, 1=27
An = {akl = / thl(l’)dl’} s
0 da™ ’
kisl | (6-37)
1 n ) " k=27 —-14+M,, [=27
Bn = {bkzl :/ Mﬁf(l’))h%l(l’)dl’} .
L 0 dz k=20+1, =1

10 L SR R 2 T #E4H (6-34), T 15 % Dirichlet-Neumann ¥ & i 18 [7] @1
(6-28) Tl (6-29) Hfift.

=

* 6-1 RF % # % KFTF, Dirichlet-Neumann & #44 F] A (6-28) F= (6-29) 89 s ik it 2
¥ ik £ ErrSQ 5 CPU #£8f
Table 6-1 The averaged square error and the used CPU time of the wavelet solution at different

resolution levels for the Dirichlet—-Neumann mixed boundary value problem (6-28) and (6-29).

7, resolution level ErrSQ CPU time (sec.)
3 3.62 x 10797 0.36
4 3.05 x 1079 0.43
5 1.70 x 10~ 0.59
6 7.89 x 10714 1.01




iR KSR ARk FATE AFFRDREHEGDRLE T E

&l 6-1 25 H T 0 HEFE KV j = 4 I, Dirichlet-Neumann i 5 371 {H [71]
(6-28) 1 (6-29) HY/INEE SR B ROXTEE , AT = W3 dE Wiy, X uilA
T2h AR S I AL BE T 6 Dirichlet 38 5 25 44 A Neumann i 5 454
A, 2, £ 6-1 5 H TR PERACET, /INEBRIYITRES
BASRAR AR CPU BN, U7 RZE ErrSQ E L UNT

k k17
ErrSQ = Z [uw<2_j) - UE(g)] ) (6-38)
k=0

o g (z) AT, wo (o) /N DZRHRATLUE H . BEE S PERIKCF 42
N AR ORS BT ﬁ’ﬁ%[ﬂ MR IKCE R S CPU FERT I LE 1
FPLAPY. XUt B AT 28 H I HE T AT IEAROUA R, T HEAR S
FR SRR,

6.3.2 Robin i 5 &4 5L

5 &N R R TR

d*u(x) _g du(z)
da? dx

+2u(zr)=0, 0<zx<1 (6-39)

# 62 T F % 9% K-FTF, Robin 44 FA (6-39) F= (6-40) 49 JNKMEZ ¥ ik £ ErrSQ
5 CPU #.5¢.
Table 6-2 The averaged square error and the used CPU time of the wavelet solution at different

resolution levels for the Robin boundary value problem (6-39) and (6—40).

7, resolution level ErrSQ CPU time (sec.)
3 4.90 x 10707 0.55
4 3.51 x 107% 0.65
5 2.48 x 10711 0.88
6 1.18 x 10713 1.42
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52 Robin jHF- 514

(R [
- (6-40)
ldu(x) - u(:n)] =—1
dx z=1
KRG WRAEN -
u(z) = e" ' cos . (6-41)

A3,/ NBOEIL (6-23) MAHRIBFEARATT R (6-39), I w;i(z) (I =
0,1,2,...,29) IBGREL, FH/INBEAMGIL 577 32 ] SN SR A 120 {8 () 7.

K 6-2 25 T 3 HEFIKT- j = 4 B, Robin HAE R (6-39) Fl (6-40) 1)/
W SREHARRIT I, AT = F WA 1R AE I, XU AR 25 H RS A 7
S AAR PR TT B8 Robin J A A& FH Y. 36 6-2 245 HO R Rl 93 HE 0K
RN R T iR 22 S CPU BT, A LR Frss Y U5 vE AT AEAR &G ) CPU
IF[R] N ARAS mAE LA AR XU 1 iz B R G AR A R
KA =,

633 EREDFEHLH

2% )& Laplace J7 12 :
Pu(z,y)  Pulz,y)
St =0 0<my<l (6-42)
KRG TR
([Ou(z,y) = B B
|: ox §U<$,y)1 0 — VO(y) - 07
ou(z,y)| LTy
Or  le=1 viy) = sin (7) ’ (6-43)
u(r,y)| = po(z) =0,
y=0
2 T
— _ = 5(z—1)
L U(l‘,y) =1 ﬂl(z) ﬂ_e
HAE N ,
_ L o (MY
u(x) 7Te sin ( 5 ) ) (6—44)



iR KSR ARk FATE AFFRDREHEGDRLE T E

0.65

[ | Wavelet solution
Exact solution

0.6

0.55

0.45

0.4

B 62 2 # & KF j =4 i, Robin AL (6-39) F= (6-40) &9 /) K fE 55 4o figg Z 8 b,
Fig. 6-2 Comparison of the wavelet solution at the resolution level j = 4 with the exact solution for
the Robin boundary value problem (6-39) and (6—40). Solid line: exact solution; square symbols:

wavelet solution.

MRPEZE B AR, X TFAs i o, FEpREU/C N N % Robin 18 & 4414
1, HuE e A Neumann 1 B 4H& 1, B

Hjp(7) = ¢ji(z) : (6-45)

Po,1,5—0, To,k(x)ﬁfo,k(ft)a P1,1,k—0

XFFAR g, FEA PN Dirichlet ;S A, MR o), (y) 1EMEEREL
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HIHATAS, W4T (6-43) HI/INBGEE N -
27 2i-1 kol
u(z,y) =Y Y u (5, g) H; () pia(y)
2 k k
+> [Mo (27) Hjr(2)ps0(y) + 1 (27) H; (%) pj.0 (y)l

LY Sw (3) 3 s o110

k=2—3N+M; =0

S (5) (5~ 1) elmlonent. 66

k=21 41 1=0
HAft, nin(z) = 22—k + M.

& 6-3 FRI S HFEKRFT, 2RADAFA (6-42) F= (6-43) 89 NEMZ I TR E ErrSQ
5 CPU #t1.
Table 6-3 The averaged square error and the used CPU time of the wavelet solution at different

resolution levels for the completely mixed boundary value problem (6—42) and (6-43).

7, resolution level ErrSQ CPU time (sec.)
3 8.61 x 1079 0.59
4 1.56 x 10719 0.73
5 2.62 x 10712 1.02
6 4.14 x 1074 2.98

B/ NBOE T (6-46) MAEK N FUERATIRE (6-42), LL Hjp(x)pj(x) (k =
0,1,2,..,27, 1=1,2,...,27 — 1) ARREL, s/ NBANIL 8053 A5

ATrvec(U) = —ATu — B rvec(V) (6-47)

5

A=A, @A)+ Ay ® As,
A=A, ®a+A)®ay, (6-48)
B =B;®A¢+ By ® Ay,
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0.8

Wavelet: y,=1/4
Wavelet: y,=1/2
Wavelet: y,=3/4
0.6 - — Exact: y,=1/4 ®
a - — — - Exact: y;=1/2 /"
——r—= Exact: y,=3/4 R

o> >n

B 6-3 2 #EKRF j =40, AREAEFIA (6-42) F= (6-43) 69/ Ik g 5 A5 4 fig 69 4, & vh
CESN

Fig. 6-3 Comparison of section curves of the wavelet solution at the resolution level j = 4 with
the exact solution for the completely mixed boundary value problem (6-42) and (6—43). Lines:
exact solution; square symbols: wavelet solution at yo = 1/4; delta symbols: wavelet solution at

Yo = 1/2; circle symbols: wavelet solution at yo = 3/4.

Horp REUEME Ag, A 8 SLI0F

1 n ' k, =27
Ap = {Clkl = / H;xlz) HJ’:(:C) Hj,l(x)dx} ,
0o O k, 1=0 (6-49)
1 dn(p (y) k, 1=27—1 B
ik
A, = {akz = / #%ﬂ(y)dy} ;
0 Y k, =1
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A AR b AR 19 ARG )5 9 )4 AT o R B B RS AL S

ABOEFE B, MTI AL ay LN

=27 -1

ldn i
%z{mz/ wﬂ@%mw@} :
0

dy 1=1
L (ye(@)) k=27 —1+ My, =29 (6-50)
Bn = {bkl = / +H],l(l‘)dl‘} 7
0 dz R .

FEFE U, V RIS w i LR

L ’ l_ k=27 —14+M;, 1=27 651

Velu= (g )nlp)),, L O
k k=27
o= ()],

TSR R et T R (6-47), TIRIRAILE R AT (6-42) T (6-43) HY .
K63 %5 T a#EAKYj = 48, RS WS T EBE R (6-42) F
(6-43) FY/NERFSRETIARAE y = 1/4, y = 1/2 Sy = 3/4 Abkiarth ez xth, A]
W= EZ VSRR, % 48 E ) S — A BRI IR A E R, B
[E] B €14 Dirichlet I3 4514F+ Neumann i1 5451 A Robin i A& 4F, XA
T AR UGL A A AN B Ty B IR A I At R E . 3R 6-3 i
— R ARFEGHEFACET, ARTEAS TR FERE R DAEIRFE /Y CPU iy
(] N34S 4R A B RS RS FE AR, X3 — 21 1 AR Z Ares I AE ST IR
BB INE AL T 8 2 ARE ST,

6.4 ZRE/NL

AeFF RN RSB BE ) A8/ NP RIS 534 7 35 AR 388 B /N 7 3P
—/ IR E R A, (EH R SCER O R S et BN B AR BT . R
AN RS S TR W = KRR I F & 1F, B Dirichlet 71 5 45 14
Neumann i1 #4544 #1 Robin i A 4, DAMGR GBI &4, 0385 A1)
Ao B, AT Coiflet /N2 R, 25 HE T —E R/ N A B — T
7.
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L SGE RF A A FoxFE R FRARFA NIRRT R

AN R AR [ R SE T RS 25 R G R A Fe 0 B AR s Y AR
FrRIB G2 /NP AT T AV 2 35 AR ORI SS.
(1) i@ A XETEAUEH T2 288 — 1T I s, T HIE
TERRR AT F A
(2) mEAUE. IXE TR REAE PRIERS = b A [ o SE B DR sk SR AR
(3) FEFEMELSCHITE. AL H AL BT A BRI S R R iy R 5
PERRLYEE, R T RN, /N Fe A 7 35 5
S

RETENEN, 2 58% T/NERR T T ENHES AR, EA 0N
/N RGBT T A8 T I SRS AL HE R BRERS, 25/ N RS 2 AT T R R RS
SR AT K IR, RISt e 13K N T3 125 ) 3 FH YL
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L5 SGE KPR AT FXFE NI AT E

FtE | XPNENIERZE

FERIFH EAE T 7 R AR B RS R R, e 2B ) 4r R0k
MM TR, WK T2 B S S R IR [ BRSSP [62, 131] £54472%
P A 38 T R A AR i i R [41, 132, 133] Z555. N 1 SR ARIX Be s REARL Nt
oy TR, T B IR R B TR AR B R ST SR, AR
REEM F T A A2 =g, B2 AR 0 P R O i R
A, BUEEGE R 0T 5 i o A 2k ROUAR ME T 2 B 2 TC T . 22 JCRE ]
RN TALGE RIS AT 7 3511 5 A — AR R R PR 1.

7T, T AR SR AN RS AT S, A REI R TR
TR EUE R R SIS, BT R SRR NSRRI R IA
i B PR SR 5 R, SO R TS A S BE R T 1%
PJIRA. BIR/NB UK AR 22 2 3 AR 1 1 R AT BT TR T K i A, 9F
H& R T —embi R R, (A AR TR LR R A& 5
B, TR ER R, 20BN ER. R, 2R ik
WA A RAE , X T8 SO Hh A/ INBERIAE 704 J7 12 LR AR G /N L
EENE, AR EREHL

AT DA A, ARE MG TR SN E I AR Sk, R T A
TEH, HAEXLE B AL B, RREH T SU/NBEANIT 4 )71 (generalized
wavelet-Galerkin method). |~ S/ NBANIT 4 75 AU SERE TG/ NBEANT 4577
W, MHEAEENE, 6] SUNEINIZET75T, el E i 280
FITF R AR A 1 /N (RIS 43 A 0 15 LR AG G /N AT 48 7 12 )3 FH VB
.

AREH | EHRGG VIR B AT R BB — 20 B IR, SR an H A
ASEFIFIMEMIER , AR A S B B Al A 28) SN AT <5 7 35 2 AR S8
MBS EYE. &a, 6 LD FZEB A S T SO/ INBEAMIT <5 7 325 B A 2800 K
HAACFH AT



R AR 2 AR 19 ARG /) IR RIS AT T ik B R B SGR K F A AL S

7.1 O] RRAYiH—5 @ik

[ 1988 4 Daubechies [90] &t IE3 B RN LR, /N TTIEAEM A T
PR R MRS N AR 2 T & . U/ N INIT 07 [27-311, BT E
HARIF pU SRS E e, eI I A B2 2512 56 E [99-101].
TR, BAREA IR E SR /NE, 41 Daubechies /NI [20, 90, 921
Coiflet /N [93, 134] F1)7 3L Coiflet /NI [112, 115] AR5 J5 #2 Kfif b B
e BERLS, EENEFRARITRIE, HESE B EME G
XS ECT /NPT 45 5 HR AN AT TRk Y (R, R R A A T R
[100, 116, 135].

AT FRPEEA R, NBE U 2E B T T R TAE. 1996 4, Chen 4%
[116] MIEAE S50 #E/ NI B #3EE [136, 137] W2 85 %, %1% Daubechies /N
T —EER R SR T T, TR T — RPN R
LR 2007 4F, Zhang 5F [138] 21E T 3CHR [116] HPH—2E45% ) HAR T —
EFEAEMIAE A D 2001 4, FICEE [112] 106 X Coiflet /N T
] SRR R BT T, SR, IRy PR A R T 0 40 R R I A A
TR, X T— o U B 25 B AE A

X T 0 AR R B T R TIE R, 31 R BN T B IR TR
ER TIPS, T & R a2 il B, 25 RIX A [0, 1] L — s
AR REO sin(x) S48 {45 AL, Hd sin(e) RIFOE IS REL, 10 u(z) W2
FeoRmngm s, R Z W EE RS u(x) e L2[0,1] BITA:

27
u(e) =Y k(). (7-1)
k=0

HA p, (k=0,1,2,...,27) ARSRREC R TR/ NBOTERIEIRTTRE, /N
EHr (7-1) AREFETTRE e ELE T T A I

) d"u(x 2 ) d"v. (x
sin(x) da:(” ) A Z,uk s1n(x)?T’Z(). (7-2)
k=0

AL, AN 5 AR, 28 A AR L

1 n
/ sin(:v)wgpﬂ(x)da:, (7-3)
0

dxm



L5 SGE KPR AT FXFE NI AT E

Hek, 1=0,1,2,...,2.

AR, A BT EHE IR ERE RECE AR WM E 22 AT RERY, JUH
F224 sin(x) WAL RN AL a(x) B, BRIMICERA NS mHs— ),
T (7-3) W& REUR T RECREL o(x), SUREAET R E S, B
XEANRI T R BT R R & R KL, FESEha i A, A RE e IRX
R T RBCREL )R A8, Ry Eh 5 B 42 R AU R T/ N B R AU
HSE, WAL E SRS S .

MEK, AT LAE 2 R AR AL sin(z) F/ N JRTT

sin(z) ~ Z arpjr(x), (7-4)

Hrr o = fol sin(z)p;k(z)dz, k=0,1,2,...27, W sin(x)%gf) A ETT N

daen ~ Zz’uk&l daxn PiT)-
k=0 1=0

RXAE, T B R AE R BOLA R T BRI R T SR, TR
3% 1 R AT IR S A RE R A H F [h)

in Yd"p;(w
it = [ S @ -6
0 X

HiEk [, m=0,1,2,...,2. TH, XFhZk5E4e I S mek & 1
In, =S MR T A RCE, RS, A, BRI (7-3) il (7-6) 1Y
T N E ZiEHE R # (complicated connection coefficient).
bR ) R TN RS AT T B M AR G N AINIT 4 T R AR AR R B
AITFER MR RN . AT, AREER H B BRI NI T B
HAAMW NI
(1) BEsEai it & DR RI i s 250
(2) FrA T BT B B R B NS TRESR R 7 #E, AR IE S YL 1Y
SKRFERCE ) FHAREE TS PR 1 48 KA TTHE ;
(3) REARJT M 2 S 4E i (E R] .
HT LR R, RELRE 7T UNEINT 477,
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7.2 HAKREE

EE 71 W1 NEFIFIXE], n NIEEBE, f(x) € C(1) H u(x) € C*(1),
WIFEX ] T B R 2ar:

T S [H] o

Hep, ERHREL g(x) € CI) MEBr FEUE SONREA L, Hl:

dog (v) A
da0

9(x). (7-8)

WERR BT n NIEREE, SMCEIED] BIREHE, MY T AL R R R
f(2),u(z) € C(I) MEMA AR R T IEEEAL n A AT :

S(n) : f(x)d”u(x) _ Z”:(_l)k(v;) dc::;’“k [d;i(:)u(x)] .

dxm
k=0

RIS R R A T .
VAR Y = 1B, KHERRIER f(2), u(z) € CV(I),

1\ d7F [d*f(x
= (_1)k (k‘) drl—F [ d:zc(k )u(a:)] ’
RIfdt S(1) M.

g XY 0= kB, a8 S (k) XERREL f(2), u(z) € CF(I) K
A7, B

s 0 g = 20 () o [T ]

W2, XHERRIEREL f(2), u(z) € CHY(T), BAE Y49 e k(1) fn £L2) ¢
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L5 SGE KPR AT FXFE NI AT E

CY(I). A,

por gt = o [
%{f(‘” ddqu( } dz dxk
i e )

>(0) d:? [ (45 ]
EEPEELT(EAE %E"' _
f@ﬁdzzbﬂ = <k)$i:;zz_d22fhwxﬂ
0 () [ )
z () [
jé(—w (")) s [S1 )
() e e (o

- i k k dkt+1—i dif .
" 2(_1) KZ) " (z - 1)} dpkti-i { dagi )U(I)} .
RGO, 55 (1) = ()= () = () =1 () + (1) =
(M) Fesr. HIEAT S

f<x>% e (F) S [ )

1=0

+

A S(k+ 1) AHE.
Iﬁt xﬂﬁff B EN IRk, B R S(k) = S(k + 1) IBZHT.
FER A S (1) NE, MO TAEEREEE n, 8 S(n) ¥IEa7. TEEE.

—93__



A AR b AR 19 ARG )5 9 )4 AT o R B b S K A A

EE 7.2 W T NAEFIXHE, a,(z) € CM(I) M r(x) B O FIRE, WLk

PR TR
al d"u(z)
nz:; w(@)— =), wel
RIS -
N n
; d (bréj}tU(l‘)) _ T([L‘)7 vel
H,

bl = 3 (-1 (n) Lol

(7-9)

(7-10)

(7-11)

IERR ARYE B 7.0, WENE () e CM(I) (n=0,1,2,...N), ¥JA:

e

A,

=S () [

> ool gl 3 (1) o [
S ()] e

r=n
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L5 SGE KPR AT FXFE NI AT E

I 7.3 W QNAFRIFXE, f(r,y) € C™(Q) 'H u(x,y) € C™™M(Q),
e X ek Q B R akar

am-i-n H_] a(m i)+(n—j) az‘—i—jf(x’y)
(@ y)—F— o= &Cmay ;; ( )( )&cm By l ridy) u(z,y)|
(7-12)
Hrr, w87 LAE
( 8m+09(x’y) é 8mg($’y)
8$m8y0 oxrm
0" g(x,y) & 0"g(x,y)
890g(z,
\ 8xg(gy0y) = 9(z,y).
R 4 v(e,y) = Z500 il 23R 7.0
o ru(z,y) _ dmo(z, y)
f@ ) g = F @) =g m
m ' afm—i az ,
) <T) dxm=t { fa(; y)“(%y)} : (7-14)
i=0
PE— i, 4 gi(a,y) = 2LE0
9 f(z,y) o O"u(z,y)
o U@ Y) m@nw—7@;—
_ . o [ gy(x,
7=0

¥ (7-15) FRN (7-14), A1S

et S (B ()i el

=0
) (D) 9753 ()

g 7,+j n 8 ’y
;] (Z ) (] al'm layn J |: axzay] U(:L’,y):| .

HEEE.

VS O () FORFEIFIE Q XA R @ Ry 43 m YR n YRS TG R BIORA k25 ).
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EE 74 W QNEFRIFXME, apa(z,y) € C™™(Q) M r(z,y) BT HIR
B, Mmoo T ke

M N
am—‘rn ,
mz_onz_oam,n(xay>ﬁzny) :T(Jf,y>, (xmy) € Q (7_16)
CIE 221
M N
O™ (b (7, y)u(z, y))
mz_onz_o ammayn = T’(SL’, y>7 (‘T7y) S Q7 (7_17)
Hrr,
M N
_ _1\(r=m)+(s—n) r S a(Tim)Jr(s*n)ans(ma y) _
b (2, y) = %Z( 1) (m> (n> Gy 019

IERR R 7.3, MEERSRE a,,(z,y) € C™(Q) (m =0,1,2,...M,
n=0,1,2,..N), H:

O™ u(x,y)
ox™moy"

mneo (m—i)+(n—j) [ giti
= 'L+J m n 8 am,n (‘7"7 y)
Z Z < 2 ) ( ) axm zayn 7 |: 6xzay] U(l’, y)

mn giti  [gim—i+(n=d)g
— (m—1i)+(n—j) m n i - m—i an’_ (x,y)u@jvy) ’
7 j ) 0xtoy dxm—toyn—i

~—

A (T, Y

HHt, ST . o Wl o SR (7-13). I,

dx™ oy
M N
O™ "u(z, y)
Zzam,n(xay)axm—ayn
= iiii(—nmww m\ (M) 0 [0 ama(wy)
a . : ) j 81’1@y3 6xm—iayn—j Y
iiii(—mww m\ (M) 0 [0 (@ y)
_‘ A 2 i j a,riayj 8xm—iayn—j YY) | -
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L SGE RF A A FXFE UM T &k

R RATEAR m 5N r, n 5N s, i W5 A m, jENn, W15:

Sl el r—mts—n | T s am+n ar7m+87na'r,8(x7y)
S e n (0)(2) s | i)

M N M N
= g remts—n( T S 8r—m+s—nans («T7 y)
JiEEE

7.3 T XNEMZERZE

BT B R A E I, AR KR SN ANIT 47 P (generalized
wavelet-Galerkin method). AN2E— 1, R w60 T 72 (7-9) R T
P2 (7-16). 4 B R GG B/ NEANNT B TR, WY a,(2) T @ (2, )
FAEE RN & FHE SR RE, DR TR, ERIPsRR. 2R,
RIEEAEH, XMW TR 3 SN 0 (7-10) 1 (7-17). IXHE, 25505
XTEREL by, (2)u() B by (2, y)u(, y) BEAT/INBCOEIE, AT 58 4200 00 55 2R 1 &
BT, TR 7 (MR 2] 75 R (7-10) AT (7-17) BIRR. X2 SN MS
EITIERIEAEAR

731 TRHKMEEMAFRDECDENE—BE
5 REIXTA] [0, 1] B BOE A REH o TR AT B

N n
I “"j;fi“(x” =r(z), O<z <1, (7-19)
n=0

Hor, r(x) Wby, (a) HEREE, HEITRRMEA TR, (e
ME— VA 2 PRI

SERGER NN BT AR, 7 SONBANGL 87 3 A B AR
PR w(z) VE/NBEJRTT, T2 R AL b, (@) u(x) VEN— D REREAT R TT. AR
W FAFHIAR, BRBCR A BANEN BRI BT IR, AR, G
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A AR b AR 19 ARG )5 9 )4 AT o R B LRl KA R A

b, (z)u(z) F/INEEEEREURIT N

fulayula) ~ P (1 (o an(2]> (5)enta 020

Hi ) n=1,2,...,N. B r(x) ATEFFHN:

r(z) = P r(z)] = Zr (2%) ©ik(). (7-21)

k=0

¥ (7-20) Fl (7-21) FRATTHE (7-19), 15

27

EE () Er (o 0

k=0

MR/ NEAMIT )7, 18 (7-22) XA WA BIELL v (2) (= 0,1,2,...,27
B YR u(r) fEx =0 Mo = 1 EHESHNE ] =1,2,..,27 — 1), JHEKX
7] [0,1] EFSY, 15

> A (byou) = Ay, (7-23)

n=0
Hrr b, ou FRlfE b, Al u ) Hadamard / Schur e, HARS U hiss —
X 2.2 Z5H ) RO HYAE RN A e LA

( 1 n k: l:2]
N d"p;r(x
An = {sz =TIy = / %’Z( >903',l($)d33} ,
0 dz k, =0

k=27
oo (5))
k=0 (7-24)
k k=27
o= {u=u(3)),
k k=27
(5],
IS —mmes g TERR 2.2, J7FE (7-23) ARG M
N
Y A ob,
n=0

98

u=A¢r, (7-25)




L5 SGE KPR AT FXFE NI AT E

Hep ) AT O b, FRARE AT S b, VIR, RS RS ENE
X 2.3 %51,

FESEBR R A, TR AR A A RS R E— @ B IR, (HHEATY
AN, MUNBIT B 5 /R (7-25) BASEE . i REER . 127 SN
WA, 8RS RERE b, (2) ok, FIL, AR 22580 51
GrJTRE, ERA TR B AR A R R A, R

A Lare.
T — / %’k(a:)goﬂ(x)da:, (7-26)
0

dz™
TR FP 2T 3 % REGR IR S B0, Bl 18] SN 407 3
W R RGeS T R, WOESERR b FH AT DA o vy 3% e R A
JE SRR L= X RIS FN R AL T 7 SN 77 kB AR, (RIS
B ERE TIHHERCE. B, RIEER 7.2, [TM— MMM h i (7-9)
BIRTiEAL Ry (7-19) BIFE . BRI, 7 SONBEINGE 4 5 s B S 0E 1. T
I SN FHS AT T R L3 T SORAG S A 1T B S R E— 2 40 AT

732 TRULKMEMAARDEDRNE—BEE
% JEDXIE [0, 1)7 BRI U038 R A A0 T R B T B ) L

M N m—+n
Z Z 0 (bm,n(ma y)u(x,y)) = r(1'7y)’ O<z,y<l, (7-27)
m=0 n=0 8$mayn

Her, r(z,y) M by (z,y) NEFIREL, I HITRWEE TR EME, 15604
) AFAEME— PR 2 LRI

XTRREL by (1, ), y) Mo (o, y) HEAT/NBEIE T, RIS R A0, T
FADIL T UG 20N H /N TR

i o M N . .
2222 u(EF S50 koL d"gik(x) d"eju(y)
2j’ 2] m,n 2]-) 2] dZL‘m dyn

k=0 =0 m=0 n=0
SN, (R 7-28
= ZZT’ DY eir(T)pii(y), (7-28)
k=0 [=0
T SN 5, 15
M N
>N An” (Bun o U)A, = AyRA,, (7-29)

m=0 n=0



R AR 2 AR 19 ARG /) IR RIS AT T ik B R B SGR K F A AL S

H, Bun o U E/RHEFE By 1 U 9 Hadamard / Schur 36 F7, HARS U —
HEN 2.2 45, HRAFEFEE LA

( 1 n k, 1=27
- d"p;r(x
An = {a’kl = Fi;,l = / SOJJC( >90‘7’l<£€)dl'} s
0 € k, 1=0

E ol k, 1=27
an - {bkl — bm,n (_-; _) } )
< 292 k, =0
U:{Ukl:’d(—,—)} 5
2972 k, =0
E ol k, =27
R:{TMZT’(—.,—.)} .
\ 292 k, [=0

et WA e, BIERE T rvec() (BRE L —EENX 2.4%5 1),
FR S A AR 20~ 15T 2.4, RS0 R/ NN BT -

[Z Z (Am ® Ap)" © rvec (Bum)

m=0 n=0

(7-30)

rvec (U) = (Ag ® Ag)” rvec(R).  (7-31)

B AL @ Ay B AL F1 A, BY Kronecker 1K i FR, BARS LS —FEE
X254, AOrvee (Bun) FRHE A M B, B TH B8 rvec (Bun)
Z ISR, BARE SR sE — e N 2.3 25 H.

MELETTRERTLAE Y, FEAm o 7 AR AR A SR, T3 RS R4
BRI by (2, y) TOR. AU, FFEETT R AT B R B A T R 2R Y
M JTRE. F3Ah, WARERE 7.4, T MWD TR (7-16) A S EE 46N
(7-27). R, ) SOINBEAMAL <55 7 ¥R R A 53 T R 320 R T ) SR B A < 3 3
P

AN, T B e 4R ) o0 T RRIAEL IR, o a] ASSACHR ) S/ N
(N3 <5 5 A TSR A

7.4 TESH

T WAE A RS AR T SN INAT 47 B AR S kR A
SRR T 25T A T 2028 BB B 4540 7 R 5 (A 4 7 B 1 S0 (8 ) .
THEFXE, FHEA OSSR ER— G EY A5, HAAERE N
DELL Inspiron 3847, Intel(R) Core(TM) i5-4460 CPU@ 3.20GHz.
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741 ZHARBEMSTTIZLL

2R T B 2T R B W TR
22 dzl;(f ) 4 xdlc‘lf) + <9§x)2 - %] (x) =0, (7-32)
Mih Ao
w(0) = 0, u(l) = 1. (7-33)
SR o
u(z) = Sm\(/;) (7-34)

RAEEE 7.2, JIfE (7-32) AISEM AN -

& (by(@)u(w))  d(ba(2)u(z))

422 . + bo(x)u(z) =0, (7-35)
Hrr
bo(x) = Z (27m%2* + 1),
bi(x) = =3z, (7-36)
bo() = 2%

R w(0) = 0 H o = 0 HRECRE by (x) W—B S by(2) I &
J

(

b)) o = O
() =0, LU g -
| @) =0, L)) EGLE)

AR SE 7S 25 I P4 AL BT T, F 4 by () u () A bo(2)u(x) HIEEER
A INEIERN @1 (x) Tl @ p(x), HAELWF:

{ Pjk() = 0jk(T)]po 1 105 (1-38)

@j,k(m) - @j,k($>’po,1,k%07 Po,2,k—0"

— 101 —



A AR b AR 19 ARG )5 9 )4 AT o R B B RS AL S

P EAE IEARNNE TR (7-22),

20(3) [ (3 )—()— () i) -0

A BRI R R B w (0/27) = 0 Fl w (27/27) = 1 (RN _EIRJTHE.

[ | Wavelet solution
Exact solution

0.5

=
[l (6]

s
o1

N o
O\\\\I\\\\I\\\\I\\\!\\\I\\T

B 7-1 ¥ EKRTF j =48, &K %0 KRR KA F A (7-32) F= (7-33) 691 B AR L5+ 5
[

Fig. 7-1 Comparison of the wavelet solution at the resolution level j = 4 with the exact solution
for the boundary value problem with polynomial coefficients governed by Eqs. (7-32) and (7-33).

Solid line: exact solution; square symbols: wavelet solution.

Phoji(x) (1=1,2,...,27 — 1) IBREL, W) SONBANL 07 8 A 45 1
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TH] 2R AR BT 2 - )
[Z A @byl u=0, (7-39)
n=0
-~ I:'j 9
( 1 k=27, 1=27—-1
ao={au =120 = [ eiuipnoas ,
0 k=0, I=1
1 4~ k=27, 1=27-1
- do;k(x
A= {akz =1y = / %(ik( )SOj,l(x)dx } ,
0 Z k=0, I=1
1 2% k=27, 1=27—-1
A, = {le =17 = / %’l;(x) Wj,l(w)dx} ) (7-40)
’ 0 dz k=0, I=1
k k=27
bn_{bk_bn <_)} |
2 k=0
)Y
w=du = <_)}
\ { QJ k=0

W /e 5 B AR w(0/27) T u(279/27) MR BRSS9 B Ok, AR et REUT
P2 (7-39) FIfiEE.

DRI j =4 B, S8 ZIERATBENB (7-32) A (7-33) HI/NE
SRS R AL I I 71, AR, AN SRR BRI SRR, X T
TR R )T SO N TR AR, SRR, XK
fid R AT CARY WA B2 R R IU S SRR TP A BT SR R
SO TR (71-32) AR 220 o M (D) — L SR e, R, w
REGT ML T TS N, 127 SUNBANIT & )5 B AAEZR T, wTLA
AR T A5 3t 32 Sl ) P R R AR KR P, AT R R A2 et SR 5 5 s i P
B, MOPERKF § = 4 B, KL T RECURFE 0.36 B2 CPU I ] FIIfE
BRI j =6 B, WAULHEFE 0.96 0. HILFTIL, |7 SONBEMNE 4772
HARG TR,

742 RERBEWMSHIZLH

5 RE N S AR A R W TR

d? d
22 + sin T +e'u = (e‘” + wcosTr — 7r2:c2) sinrz, (7-41)
dx? dx
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S ih FE A
u(0) =u(l) =0. (7-42)
RGN
u(z) = sinmz. (7-43)
12
B [ | Wavelet solution

B — Exact solution

B 72 5 # 5 KT j =4 8, &8 RARIAGDALFA (T-41) F= (7-42) 69N B 5 455 17

3 b,
Fig. 7-2 Comparison of the wavelet solution at the resolution level j = 4 with the exact solution
for the boundary value problem with mixed coefficients governed by Eqs. (7-41) and (7-42). Solid

line: exact solution; square symbols: wavelet solution.
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WIRER 7.2, IR (7-41) AJZEM 86400 .

& (by(z)u(z))  d(Bi(@)u(z))

de da + bo(ZIf)U((E) = T(SL’), (7_44)

\
/|
e

(7-45)

= (e‘” + TcosTx — 7r2x2) sinmz.

ZIEE u(0) = 0 Ho = 0 HREUREL b, (o) I— 9 AR by (o) B2,
WO by (2)u(z) T by(x)u(z) F/NEESRELD BUE TN ;0 (x) BT @ u(z), HE
A (7-38). AT — N, D FM (7-42) TTEERAZIREL by(x)u(z),
b (z)u(z) A by(z)u(z) B/ NBOEITERIAA .

KM, KB IE G I #E RN TR (7-44) T, SRJGSRIR/ NI NIT 42 07 72
(7-25), FIFSJFGOAE B RR. [ 7-2 45 H T kT 5 = 4 B/ NBERR-S RE
fiERr AT H. BRI NS RS V) S AR AT X2 U B T S N A
4T A R

743 FREHRHERDFESE
75 RECT T LAMRFIR PR BSCN AR B F o T 7 -

T(z+ 1)d2:;f) + Mz +1)+(z +1)] dq(f) = T(x+1)—T"(z+1), (7-46)
YNSVR L Sk
u(0) = 0, u(1) = 0. (7-47)
RS W -
u(z) = In (x1+ 5 (7-48)

+o0
[(z) = / ¢ et (7-49)
0
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WAEETE 7.2, JFE (7-46) A 20640l -
d® (by(z)u(z)) n d (bs (x)u(x))

e i + bo(z)u(z) = r(x), (7-50)
Hrp,
([ bo(z) = —T"(z + 1),
bi(z) =T(x+1) —T'(z + 1), -51)
ba() = T(w +1),
[ 7(z)=-T'(x+1) -T"(x+1).

£ T-1 RR S HEKFT, RS RA R R DAE DAL (7-46) F= (1-47) 89 /1 E AL 23
% E ErrSQ 5 CPU #£5f,

Table 7-1 The averaged square error and the used CPU time of the wavelet solution at different
resolution levels for the boundary value problem with special functions as coefficients governed by
Eqs. (7-46) and (7-47).

J, resolution level ErrSQ CPU time (sec.)
3 2.33 x 1079 0.31
4 7.67 x 10712 0.37
5 1.92 x 1074 0.54
6 4.37 x 10717 0.95

RTREDNE, HT 2 =0M o =182 bo(z)s by(z) F by(z) BIZE AL,
WK ) () VERERREL L5 55 (7-47) BYTR A 5 BRI A (E
u(0) = u(1) = 0 FRABREL bo(z)u(z)s by(x)u(x) T bo(x)u(z) B/ NEIEITFEIE
HRIAT. KA OC RN/ BT <5 05 72 (7-25) H Rk ) BT 5. 2] J5UA e A]
T .

PRI § = 4 IR/ NBRE SR B A e 1] 7-3 s, AR, /N
SRS EEW G IX RO 1) SN <5 T R A R

AT =W, B XTTRE BErrSQ FRENT E(x) 1T

27

1 k k7
ErrSQ = 1 ;:0 [uw(z—]) — ue(z—J)] , (7-52)
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E(x) = |uw(x) — ue(:v)|2, 0<z<l, (7-53)
HA we(z) My, (x) 23 BRGSO/ N

[ | Wavelet solution

0.14 Exact solution

0.12

B 7-3 29 ERF j =4 8, AR BHA 7RG AL F R (7-46) Fo (T-47) 690K g 54
R Z 3 Pl

Fig. 7-3 Comparison of the wavelet solution at the resolution level ; = 4 with the exact solution
for the boundary value problem with special functions as coeflicients governed by Eqs. (7—46) and

(7-47). Solid line: exact solution; square symbols: wavelet solution.

& 7-1 25 H T RFI S HRERACE N /NSRRI TT R 22 SAH I CPU #EIY. 2
SN, AREEFEH AT SN 77 B AR R RCE. B PR
M3 EREEE] 6, /NEMFATR R EE S, T CPU AERIAILE 1 AN, 44 %
TR j =6, BITIREREH L AT PIECR g, BT 10717, R =

— 107 —



R AR LA AR F ARG IR B AT T ik B A B SGR K F A AL S

B 74 59 FKF j =60, VUK B R B DAL A (7-46) Fo (T-47) 890N Z3R
AN

Fig. 7-4 The error distribution of the wavelet solution at the resolution level j = 6 for the boundary
value problem with special functions as coeflicients governed by Eqs. (7—46) and (7-47). Solid

line: exact solution; square symbols: wavelet solution.

B, SZIAE ) R /N AR 2 R 22 50 A BRI 74 Firos. |l I AR X
] [0,1) b, JUPArASERESE 1075 LUK, DLETFRESE RA MG T AR
Fie Bt ) SN B0 6 2 A0, RN 3G 173207 3 B A R AUl
VERIB =BRSS50, T SONBOINL 05 R VS I, FIE R
AT TR, AT EAT s iE v, 2B 1) SN L 7
R,
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744 LRHUBHSHTELH
e, R R TR

’u  0*u 1 ou ou
/2 2 1 il — _
Ayt <(9a;2 - 3302) T /22 ¥ y? + 1 <x8x +y8y 2u> 0, (=59

YN s S

(7-55)

u(0,y) = v1+y% u(l,y)
1

N
u(z,0) =vV1+2x2 u(z, 1) =

2 + 22

HXE RN -
u(z,y) = a2 +y?+ 1. (7-56)

WRIEEEE 7.4, J7FE (7-54) WIS HEAN -
62 (bgoU) 4 62 <b02u) 4 62 (bHU) 1 0 (bl()U) i 0 (b(]1U)

+ boou = 0, (7—57)

0x? Oy? 0x0y ox dy
/\I:F1 5 .
ba(z,y) = Va?+y* +1,
boa(7,y) = Va2 +y? + 1,
bll(aja y) = Oa
bio(a,y) = —— 8
10\, Y 3;'2—|—y2—|—1’ (7—5)
Y
bo1(x, -
01(2, y) T
2
bOO(ma y) = -
\ 1.2 +y2 + 1
XFFRXAN R, 7R (7-57) AT R/NBOEE A -
27 27 2 2
kol ko1 doojr(n) ko1 d“v;i(y)
2.2 u (E’ % [bm (g; 5) T%‘,l(y) + bo2 2% ©ik(T) dy
27 97
ko1 ko 1Y dejr(y) ko1 dp;i(y)
35 u() o () Lo o (53 et
27 J
k1l ko1l
35520 ( ) o (57 37) estelent) =0 (1-59)
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[ | Wavelet: y,=1/4
A Wavelet: y,=1/2
L Wavelet: y,=3/4

16k ————— Exact: y,=1/4 ¢
i — — — - Exact: y,=1/2 2
I e Exact: y,=3/4 ,0‘/‘ A

B/ 7-5 995 RF j =4 8, T RZEARM S 5 AZDAAL A (7-54) A= (7-55) 89 /)N B AR L5 454
i 04 A W 22 Z T T

Fig. 7-5 Comparison of section curves of the wavelet solution at the resolution level j = 4 with
the exact solution for the two-dimensional boundary value problem governed by Eqgs. (7-54) and
(7-55). Lines: exact solution; square symbols: wavelet solution at yo = 1/4; delta symbols:

wavelet solution at yo = 1/2; circle symbols: wavelet solution at yo = 3/4.

(3) ()

RSN (7-55) TR T B8 BT
k k2

«(z0) =1+ (z)

l 12
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HAE] (7-59) .
Y SUNEAIT 7 8, 15
22—
Z Z (Am ® Ap)" @ rvec (Bun) | rvec (U) = 0, (7-61)

m=0 n=0
Hrp S AE R (7-30) 2UxE L.

T2 ARG HFEKFT, TR2EBMS 7 FLAAL A (7-54) Fo (7-55) 8RB Z 3 T
&£ ErrSQ 5 CPU #£5}.

Table 7-2 The averaged square error and the used CPU time of the wavelet solution at different

m

resolution levels for the two-dimensional boundary value problem governed by Eqgs. (7-54) and
(7-55).

7, resolution level ErrSQ CPU time (sec.)
3 8.73 x 1071 0.36
4 7.48 x 1071 0.44
5 6.89 x 1071 0.74
6 6.60 x 1071 3.53

WITRRA (7-61) Zedm S i FUER R BIH o B ok, ISRz TR, AT1e
JRBE P RE. 1 7-5 A2 T R j =4/, y=1/4. y=1/2
y = 3/4 A/ NP FRAVRS B fRak I 2 2 b He. RER 72 AT, 5 = 4 BEXF R Ay
JTIRECERE] 7.48 x 1071 . AR, H)JT SUNEAMNNT &7 55 2 8/ NGS5
W VA, R 12— TiZ B A SR SRR A,

7.5 IRENE

Flop 5 TR 2B R REUMS TR RAA, SRR/ NI RS A7 7
B LA AL G5B AL G577 B eh | 28 BB T R o B Rt R
AT AR A B BRI T 7 3 RS R e LB, ARt T — Ry
T TT

ARTEAEIE A2 I FIE ] T R ACE B (F S ACE R AR bR R T X
INBEIMAL A7, FEEE TR s A SRR A T TR 53 R M (R )
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AL e /NI 5 A R R e LB a8 A (R 2 A AR U e
Tl J7 RR -5 A Ao 3 R AL R AL SR, SR 1) SO/ NI < T 9 A R
P, LSRR TS SEEN/NUINLESTTEME, 70N
ML 5 BT 1 2R KRBT, I HSRIERE iy Bt 5 A
BARLSL TR TR R BAGE . B im, ANE B TR S TR
s (IR R AL, ARANTR BT RO IR AR AL L, ) SN AL
EITIERIMEZR A, ) DA 7 6 3 3 <7 308 F Y 0% 1 R BB A, SRR A =
AR RRVE AL 17 SONBANIL G 7 e Sm e, i B ik m 1t
R, FFEZ TS WG T PRI TR SRR, Rl 2, R S/
BeIL 05 %3 T/ N R A 7%, BEE B AT LR TR 2R By 2k
(ESUKEREISE

FA, TS NBAMIL & IR Gt B e E L 2B b, SO
PMIL TR (7-31) Al L) 2 KRR E R, A

[Z Z Z <® Ank> ® rvec (Bnlnz._.nK)] rvec (U)

n1=0n9=0 ng=0

K T
= <®A0> rvec (R), (7-62)
k=1

HH @ An = A © An, © ... @ A, T rvec () B— K SR B AN
k=1
FURA L, BEAh, AT 7 SUNE T 477 B AU ™ S Coiflet /MEAT
R, T ELTT R3S R0 (5 200 B S (R B 2 U 5 S
P SUNBAIET 4 17 B N RS A 7 S B T 5, B T
I INB T 4T, FER Al T T /NSRS 507 77 1 03 PR
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HOARRSE . TRESEETY 2t o A 100 A A A AT 38 ol 1A 25 A Y ARG
PR, iy Ik L8 ] F AR 22 8 AT LAVA 5 oA AR 2R i 7 R (B R SR . B
1992 4FBHHAR [19] $& I RME M 55 LK, %07 # e AT/ oK) 2t
280 (BRI RSO LT B B U Bh At B Rk B I, &
HIE BRI T RGN RE, SRR T RAR .

[FIE AT T3 6 fir ARAT S8R e an AR S g, e 22 JR N 2 HL g
A R B IR A B, A g T o ) 583,
WEAH, FR IR ESE P BEEIERR, EEER R
PR LRt Fln e Ry 23 8], b i B p 2 32 = B e AL 5 e
A AT SRR R BR AR R SN 2 FR AR AR 5 [ B s e ) B iR 2
MR AVETE. N T X AR, AR SRS & R AT 7 i R NG
S T — o AR E B R AT 35, BIVINRE A T i, #1% 07 1%
HIEMIN BB T ER S AT 7 3E, FEREI S R B4 AT A ey
% BRI, AR SO A £ R TR R

L E UK RG34 7 28 S BN BRI £5 &, $2 1 TN A 2 A U5
RIS — A "4 Brat JTFE A TORMER S G0 7 R (R R TR
INBRME M T i 2 AR S F R AN A TE T, /N
[FIAE 50A7 7 5 Hh A0 0 5 A PO 0e IR R T, 12 M T a0 B DR N 5 A e
PRSI, S T A U AN R DR BC B0 A A 7 R A (L ]
AR AR, AR e IR A TR AL, SR M T AT i LA PR
WA IR R R A ATE SO BN R AT T A AR R T
LR AT IS, 1 HEI L2 se s

() SRR FRE AT+, WSS, wTLMRJT
b ) gk S, T EL R TSR AT SR DR 4 AR S S B e R
ANHURR, WORT DA Sy s B 1 B P A S 2 A
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) /NI AT 7 B S 1 2 A AT 2 b, BOmI R T 4 e
VAT (4 T R SR 2 IR

(3) SHEGMFEITITERIL, NEFIE ST % T ARk
OB, R [FD O 4 B B T L TSR B R, SR
ANV 28 R R R TR 3 T 1 BB B e . AR 3 T F
AN R AR Yl Sl B2 SR B0 = AT, AR AL )
S B T VRIS S I T L7 A T e e R R
b L TR

@) SESMFEMTITERIL, MRS A7 8 B 5 1R
2 BRI AR M IR R MBI CPU BERT BRI 8
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(5) /NB RS AR T B3 IR S
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TR, HREIREN . AN R e, g S 2E
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FESRARARLNE 2 At 1) AU B R ).
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[F It 4 1 A/ N T ¥ 0 YL

4. N T e RA A RET SR E AER RE, R T SUNEMNIT 47
P B b, SRR TEAEH JRER—OIE AR RECE L T
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AR TR ) S NEAIL 87 7.

8.3 MxRREE
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