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ABSTRACT

Computer Algebra is also called symbolic or algebra computation(or
mathematics mechanization).The subject tries to deal with mathematics in
a constructive and algorithmic manner so that the reasoning become
mechanical, automated and so much as possible as to be intelligence lack-
ing, with the result of lessening the painstaking heavy brain-labor. It is a
new development orientation in the field of mathematics and computer to
conduct science calculation by computer. For a long time, the
mathematicians and computer scientists have dreamed of replacing
human brain with computer to conduct symbolic operation and any kind
of mathematical processes, leading the mathematics to a mechanizing
way .Nowadays, differential equations is playing a more and more
important role in modem science and engineering field, and at the same
time, in practice, most solution of differential equations are extremely
sophisticated but crucial. Seeking for the simple and practicable
computation method is of great concern in the practical application and
research of the solution of the model of the differential equations.

In this paper, it researches the theories, methods and computation
mechanization of solving the differential equations with computer algebra
knowledge and computer algebra systems. We research the tanh-method
on the base of Wu-characteristic method, and give the interchangeable
process of solving the more complicated partial differential equations in
the third chapter. Furthermore, we give the algorithm of the intial
problems of differential equations which include singularity and its
procedure in Maple by the use of the method of Adomian decomposition
and accomplish the solution which is unable to achieve by hand-work in
the third chapter. We research the Power series and the Pade series
approximated solution of differential-atgebraic equations in the fourth
chapter. It gives the solving process by computer and its figures of exact
solution and approximated numerical solution of Pade series under the
same coordinate axis and we give the analysis and comparison about
asymptotic approximation of them. In the fifth chapter, we give the



method of solving the partial differential equations with the combine use
of symbolic and numerical method, which is a new way of solving the
extremely complicated partial differential equations. Its significance is to
conduct us to seeking for the new idea and new sight of solving the
complicated partial differential equations. In the process of solving, we
use the computer algebra knowledge and Maple or Maple sofiware of
computer systems. By the comparison of solving the differential
equations with computer and hand-work, the tremendous advantage is
opened out and the great practical value is reflected by the using of
computer algebra.

KEY WORDS computer algebra, differential equations, solve, method,
computation mechanization
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prem(U,TS,)#0,vU eUS, 1<i<e.
B, B4

-13-
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 prem(PS,TS) = {0},1<i <e,

Zero(PS) = gzﬂo(m, 1 ini(TS)).
EX 2348 Kx]MWEMH 7S=(T,-- TIHAEELH, wkMFAE
1sisr-1BAR[T,-- TIHERENFL L, WA

L. yu) e Ky
EXKE) EBEFHETF.
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FE#ARX E£ZE FSUHENTE

2=% #HSHERAZ

BRI HITERR (R M T RNFEEREM. AXEBENERATE,
BN A AR AE 50 A S A EE ) R BB T R 2 TR Adomian MERT5
ERETRVERE. BERINEEN B TETHEIALERY Maple T H
XRE A ERBM A HRONBERH . TERMNSABHCLERIINEIE
DR R .

3.0 W EVEHREF %

M ENRBRFERB Y ES BRI R RGNS TR TN
AR ANER b, CHAREFHARIFERERRTENBELRARR, 8
PO R — RS, TTURTANMEENRRNS AR, SHRHE
YR R R B AR KRR R L h R BT RO R . ERF L,
BB HRARN KRR AT ERCEE RURHTTER RS ELME
KREGBAMHREEETERER, BETHREER £5/. KERT 1997
S (RIME)) RUAARNTEERSHHAZE LS FARRRETRON
THM, ERTHENRERETEESNATEN AR BOERURRY
B, AEEERL, TERMU—ARAEH #aZRNTRANMANEE

OEBENE. BT ATRURFTEAOER, KESREERU.
A8 1+1 BHEEHRLTRE:

Fuu,uu_,-)=0 (3.0.1)

Hep F R R u,u,u, u,, HERR, HE (3.0 1) HRILHu(x,)H
FAETE. MATHF . WR (3.0.1) FXHENHHRE AL
Fiu(x,), MHRBLUT SBRUTREIXER.

(1) PR —FERRMTE, FEEEMHR (3.0.1) HWATTHREHR
u=u(f),f =k(x-ct)+£, (3.0.2)

Hebk (B0 We (W) HHERW, W HERES, ERTHCY 0.8
SR

| -15-



WA 83 $=F NSUHEHE

0 d o d
— > ~ck—,— 2 k—
o dé ox daé

AR (3.0.1) UAZBREWMERDFHE

F(uu',u’)=0 3.0.3
(2) BRFARE (3.0.3) AANHMETRHE AL AME, 8.

u(€)=3aT',T = tanh() (3.0.4)
=0
HA Mg (=0 m) SRS, HFUBEYRET HEXE

I'=1-7° ,
Bu) MIFBEKARETHEHMK. FLLOWE)) Re) X TFTHEHANBEAT

W, Wdrulde® HREREXKR

du
O(dgp)=m+p,p=!,2,-~-

M ud®u/ dE* FIB BRI H
d’u
dér

# (3.0.0) AAFR (3.0.3), HEEFBHEFEMERAN SHRAERSH
EEBTHTER, TLHRESEm » Bm A LEBHHK.
(3) B HHBEN (3.0.4) £AHRE (3.0.3), AHTHRKERIHSH
X0, MBXTHESHa(=0,--,m)kcHIEEHABHEAL.
(DRARBREREIFRERET A HEHFESRNa (=0, mFkc.

RiEREFRMGER, BETUSETR (3.0.1) MILLEARE

ot

)=(q+1)m+P’q=O:L""P=1;2«,"'-

u(x, )= o, tanb'[k(x-c)). (3.0.5)
i=0

EEFERTmENEEY, FREAIEAMEETLKHAR (3.0.D [
WA (3.0.5). RMERLHERAT, FEHHE (3.0.3) HAEEEHERAm Y
AEHAREEER . EXERT5IALR

nm)
u()=v(¢) *
BEFEAFvEO TR, BEIRTEmeD R, sga(m) XA-Bm RIS (Em

-16-
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HEBE, Wsgn(m)=Ld=1). &, W)BHAmERT (—EREEY .
MNEREMHEMM LRI ERME, B (g BB m B2 F GEBFD.

3.1 FHES S RN S B R KRBT 2P M

SRS R J.F.Ritt ZEAXBS BN TER (@) SHAHE
S, 48 Ritt MRESAT R B3R ANIRER. 20 $42 70 F£AK, KX
BRI AR LT EBHLBES FERERE T Rite AT, HUKERTE
HABAA T EOMEERBTA. REHEIL. HiE, REALHEERKKET
WEFIFE, FEALETERIUMEENTRAE, NT5IRTKBEETHE
KEFARRERSHR. RHSETHHERAE (MEEL) HHES, C&
&7 Ritt FHEPHTTAERY, BiERMNEESSNAFRMAERES
BHEE, R-Ritt BEFTEFEERE ZHAS, TREEREFRMH
B, CHBAREIOF ST H RO ISR, AXBEMHR—
Ritt FHER S ik RAR R AF S R P BBIRTE A

Z BT KdV

u, +uu, +au_, =0. . .11
RAVEL BATHEESR

u=u({).§ =k(x-ct)+§,, (3.1.2)
FELRITHEERT, HE G LD {4

—cu'+ '+ ak’y™ =0, (3. L3

HEAFMT U EDRRETAMRE, 0

u()= o', T = tanh(£) (3. 1.4
=

# (3. 1.0 KA 3.1.3), FHEEN FER "ML v’ KR KARTH,
Bm+3=2m+1, BHEELEm=2. FETRGEG. L HKHEH

u=a,+aT +a,T* (3. L.5)
# (3.1.5) RRA (3.1.3), £H THRAREHSEXENRE A 0. HEFET
B¥iE, RINBIAEa,q Mo HBOTEA

-17-
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(P =(2k'a +c-a,)a, =0,
P, =a’ +16K'aa, + 2ca, - 2a,a, =0,
B =a,@ka+c-a,+3a,)=0,
< P, =-a’ +40kaa, + 2ca, - 2a,a, +24; =0,
P, =a(2Fa+a,)=0,
B =12%k'a+a,=0.
KBS HREARBET BARNIR A CH AMEHEHXBR, L&
DAZESCIR (4, 66]PHREIF XRA.)

AR BARRE, BARNKERTTELRPH—KEE. ATET
HE, BROFAR—Ritt SR E. Kk, RI1ESHRRitt FEFIHE
E. RRitt HERMFEDT:
¥ 3% BasSet: BS = BasSet(PS). FA T EMAL PS c K[x], FEEUHEH PS
#5BS.

Bl. #FS=PS,BS=0.

B2. ERTHSBREZFS=0.
B2. 1. NFS F i — B BREN BT B.
B2. 2. 4 BS = BSU[B]

B2.3. i1 cls(B) =0, Ml FS =; Hldr

FS ={F e FS\{B}|FXtBRA{LAT}.

THERIMAR Ritt BFE, ZREEEG T OAAERL B KBTS,
3% CharSet: CS = CharSet(PS) T £ HMAA PS c K[x], XFEHHPS
HIRFEFICS .
Cl. 4 FS=PS,RS = PS.
CC.ERTHIREZRS =0.

C2.1. HECS = BasSet(FS).

C2.2MRCS RFES, MRS =0: BUHE

RS = prem(FS\CS,CS)\ {0},

B FS=FSURS.
FI R— L PV T o S E PV R ST MM 2.
4 PS=[B, B, -, B IR 76 BT sRA8 PS WOMFED R
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CS =[8ak* +c~a,,a,,12ak* +a,).
HFCS PHEFHMANMRAEZFTYR, HPSHESEECSHELAEMRR.
BBHRKBCS XFa,a, a, IFSWF:

a,=c+8ak’,a =0,a,=—12ak".
FRHEE G 1 1) PLSLEAEN:
u(x,f) = c + 8ak® - 12ak* tanh [k (x—cf)].
Bl E MRS BY T i ML R 4 Maple R F (0 BCEALRAL BERE

FE&” RMRERORBTEANREEE, ZREFIIELBELRLY, T
Bk BEFHRERE. SFIRBITEMLAFRANHNENE.

3.2 —##MMFSHERZE

X#KI53, 54, 5514 T Adomian HRENENRE. RATERITZMELS]
A, BdEmEENRE, SRT - ASRUERSEAN BRI, BATH

FIABRLELHREFEE.
3.2.1 EEKIEY

Adomian SENEHE ZHNA. A T REEE . L EM
THRYIMERE:

y"+%y'+f(y)= 0,0<x<],
y0)=4,y(0)=B.
H-AFRVERBEL:

3.2.1)

” n ) —_
yly + f(x,y)=g(x),0<x<], (3.2.2)
=4y (0)=B.
ﬁ*A, B Eﬁgﬁ! f(x,y) Eﬁ&gﬁﬁﬁ! .E.g(X)GC[OJ]'

BANAG# (3.2.2) AWPRAMTHERFYHERE-:

[(A(x)y )]+ 1 (%, 1(x)) = g(x),
¥0)=4,y(0)=5.

HPABRES, SO, y)REZLERE, h(x) REZRB. Bh(x)20,

(3.2.3

g2(®)eCl0,1). WA h(x) RUHEY, XM (3.2.3) &H:

.19



B A3 B=F RSUHEHTHE

')+ 2D | e )=o),
h(x)

y(0)=4,y(0)=8.

(3.2.4)

5P F(x, y(x) = f-(—”‘!’(lxgﬂ,a(x) =%‘

BITEER MG, 2. 9 XA TR IE I E N REAE, EREBIRFRIL
A EBMAH R T REQTE, 1ETRITKE. Bk, BIO5IA Adomian
ST ERRBERTROERE.

3.2.2 Adomian SRAZEEHR

TERMFA Adomian SN ERHILEMITE. AT SRR
B, BONEXHAETFL ., # (3.2.3) EFERH:

Ly=-f(x,y)+8(x)
WOETENR:

L=2 w2y

& &

KirETHELN:

LO= [ r e[ Odoe (3.2.5)
HZEET (3.2.3), B3

W(x)= A+Bx+ L (g(x) - L' f(x,3). (3.2.6)

fE Adomian A IEF, y(x)RH:

Y©=3 3,0 (.27
n=0
B EN f(x,y) BTN
fEe)=34, (3.2.8)

H 4 % Adomian ZHR, ESHFEUREFw)EX, Ld/LHMTF:
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4, =F(u,),
A4 =u,F'(w),

2
4, =u,F '(uo)+-';'—,F *(4,), (3.2.9)

3
Ay = 1 o) o )+ 2 F (),

¥ (3.2.7) M (3.2.8) fAH (3.2.6) 1, BIIEE:
5jy,(x)=A+Bx+r'(g(x»-z;—-(§4_).

BTRE y (), BAE Adomian HETTE, RIOBIATREXER:

¥,(x)= A+ Br+ L' (g(x)),
Vea®)=-L"(4)k20.
.-y B
Yo(¥)= A+Bx+L"(g(x)),
W) =-L"(4), (3.2.10)
y,(x)=-L"(4),

B (3.2.9) 5 (3.2.10) K, ROELABEH 00, ATRE ¥,
X FHREMEAR (3.2 0, TRETFRIBILT Y-
@ L
L=K'@) () 2)
L}Qy=f W GX |, ey
ATIHT (3.2.4) MR CLEHRAT S5,

3.2.3 HXRX .

XREAIL BRI Adomian S REFERBAFVHEME (3.2.3) M G246
WRHEE.

ik

BA: (B(x), f(x,5),8(x),a,b);

Bl /EANHTENSZENRE.

(1) H8 L (gR®),

(ii) FKy,=a+bx+L"(g(x)),

. =21~
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(iii) #H& (3.2.9) PHHEEN 4,

(iv) dH My, (x)=-L"(4),i=0,1,2,-.-, HP 4, TLA (3.2.9) BHBF
HBH,

(") KN =2y, R nTHER) .

Adomian S BEHERIEFRMF 1.

EH3.2.3.1 MBEENRMSHNEEF L (g FE, BLHE (3.2.3) 7
B E (3.2.3) # (3.2.4) ARMTRER S,

iE8: MERNESSEEEET LU EE, BAEE (3.2.3) F85 (1)

A EH L (g(x) . THEZE (3.2.3) PRIHKTHHET Adomian SHEFE.
Bk3r (3.2.10) H1(3.2.9), BATRILUEAMME y,(x), FRRIIKE (3.2.7)
P y(x) -

3.2.4 TERRMNAHB I FREREE (3.2.3) HINAH.
1.5 1 BEMTRERFRVERE:

y+2y+y=0,
y(@=1y'(0)=0.
v E U AT R RE R
yx)= l—-;-x2 +%f —%x‘ +;16x’ +0(x°).
L TR AR A
Mx)=e*+xe™.
# 1.5. 2 B BN F LT FUMERA:
Y+ y'-2Ax+l)y=4yhny,
¥0)=1y(0)=0.
L AT i R A -
S T P B
Y =1+ +o¥ Fox ATy +0(x").
[ g sl 20 ok
yx)y=e.
EXJAED, ATHRERENER, BOKXAT Adomian 53#5E. £
Maple T, RITAFHNEMFENERFReABNRMTE, THT RKgid
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BadURiL, BRTAFIAREEIRNREEE.

3.3 AXBTROFERBNITE

BEARMBFERTERR (W) B HRELEREAMELTHA, ANE
TALHER, HXRFRTAEHN—ASE, BRTER, RIEXBAMESH
RAEUEHABRE Maple BRE T RN EREBHTE, TMERSERMANE,

AW ET U LR CRR(26, 44, 45, 46, 47, WBIPHPFERE.
WA

symgem(ODE, y(x),way = xocx, HINT =+

BHEX:
ODE HERS TR
x) (FTEHEH)) B %R
way = xxx AR, WENHERERTHBXER
HINT =[e,,e,} (TGN e, e XA RERTHTRNBRER

HINT =([e,,e,1.[e,.€,1,---] (FMi%00) A RERTTR T R BH R MFE.
> with(DEtools):
> odepde (diff (y(x), x)=phi(x, y(x)));
(diff (eta(x, y), x))+((diff (_eta(x,y), y))-(diff (xi(x,¥y),x)))
*phi (x, y) - (diff (_xi(x, y), y))#phi (x, y) "2-_xi(x, y)
*(diff (philx,y),x))—_eta(x, y)*(diff (phiCx, ¥), ¥))
—MENS AR
Kamke’ s ODE 120
> PDEtools[declare] ( y(x), prime=x );
> infolevel{symgen] := 2; # turn ON userinfo on symmetries
infolevel {symgen] := 2

> odel = x*(diff(y(x), x))-Wx)*(x*In(x " 2/y(x)H+2) =0

odel := x*(diff(y(x), x}))-y(x)*(xxIn(x"2/y(x))+2) =0
> symgen (odel);

[ xi =1, _eta = 2%y/x]
Kamke’ s ODE 236
> ode2 := x¥(y () +D)*diff(y (x), x)-y (x) "2-2%y (x)-2%x = 0;

ode2 := x*(y (x)+40) * (diff (y(x), X))~y (x) "2-2%y (x)-24%x = 0

> odeadvisor (ode2) ;

-23.
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[_rational, [_Abel, "“2nd type’, “class B']]
> sym2 := symgen(ode2);
sym2 := [_xi =0, _eta = (-y+x)*(x-2%y-4) /(y+4)],
[xi =0, _eta = ~(4ex+y"2) % (-y+x) / (x*(y+4)) ]
Kamke’ s ODE 357 (no classification)
> oded := x*diff (y (x), x) ¥In (x) *sin(y (x)) +cos (y (x) ) * (1-x*¥cos (y (x))) = 0;
ode3 := x*(diff(y(x), x))*In(x)*sin(y(x))+cos(y(x))*(1-x*cos(y(x))) =0
> sym3:=symgen (ode3, way=5) ;
syE3 = [ xi = 0, _eta = (cos{2%y)}+1)/(In(x)*sin(y}}}), [ xi = 0, _eta =
(=2¢1n{x)*cos (¥) +x+cos {2%y) *x) / {In{x) *sin{y))]
> dsolve(odeld) ;
y(x) = arccos{In{x)/(x+_Cl1))
Here is an ODE with an arbitrary function F{(x,y) (no classification):
> oded := diff(y(x),x) = F(y(x)"(3/2)~3/2%exp(x)) /y(x) " (1/2)*exp(x) ;
oded := diff (y(x), x) = F(y(x) " (3/2)-3/2%exp (x) ) *exp (x) /y (x) "(1/2)
> symgen (ode4, way=abaco2) ;
[xi = exp(-x), _eta = 1/y"(1/2)]
“HENSHRE

Kamke’ s nonlinear second order example number 33;

Yk33:=diff (y (x), x, x) +(y (x)+3*f (x) ) xdiff (y (x), X) y (x) "3+y (x) "2#%f (x)
+ y(x)*(diff(f(x), x) + 2%f(x) "2)=0;
k33 := (diff(y(x), “§ (x, 2)))+(yx)+3+f (x))*(diff (y(x),
X)) -y (x) "3+y (x) "24f (x) +y (x) # ({dif £ (F (x), x))+2%f(x)"2) = 0
> sym33 := symgen{k33, y(x), way=formal) ;
-> Computing symmetries using: way = formal
[1/exp(Int(-f(x), x)), -f (x)*y/exp(Int (~f(x), x))], [Int(exp(Int(-f(x),
x)), x)/exp(Int (- (x), x}), —(exp(Int(-f(x), x))+f(x)*Int (exp(Int (-f (x),
x}), x))*y/exp(Int(-f(x), x))]
{- sucecessful computation of symmetries.
sym33 := [_xi = exp(-Int (-F(x), x}), _eta=~f (x)*y*exp(-Int (-f(x), x))],
{_xi = Int(exp(Int(-f(x), x)), X*exp(-Int{~f(x), x)), _eta =
-y*{1+exp (-Int (-f(x), x))*f(x)*Int(exp(Int(-f(x), x)), x))]
This example shows an ODE containing an arbitrary function G:



Wi A3 B=F WEHEHE

> ode5 := diff(y(x),x,x) =
—4xdiff (3 (x), x) "2/ (%y (x) -G (diff (y (x), X)#x-1/24y (x))) ;
ode5 := diff(y(x), “§ (x, 2)) = -4+ (diff(y(x),
X)) "2/ (4%y (x) G (x* (diff (y (x), x))-1/2%y(x)))

» odeadvisor (ode5) ;

[{[_2nd_order, _with_l inear_symmetries]]
This one has two pairs of infinitesimals for ode5 (a point and a dynamical
symmetry) :
> symb := symgen({odeb); $ yl = dy/dx

-

, ~=> Computing symmetries using: way = 3°

[x, 0]
, "<~ successful computation of symmetries.

-
LY

, ~=> Computing symmetries using: way = 2

-.

, ~-> Computing symmetries using: way = abacol

[x, o], [0, 1/_y1]

**, "¢~ successful computation of symmetries.

sym5 := [ xi =x, _eta=10], [xi =0, _eta=1/_yl]
> ode6 := diff(y(x),x,x) =
1/x 2% (diff (y (x), X) "2%x"2-2¢y (X) #di ££ (v (x), x) *x+y (x) "2) ;
odeb := diff(y (x), “$ (x, 2)) = ((diff(y(x), x)) "24x"2-2%y () *(diff (y (x),
x))*x+y (x) "2) /x"2

> symgen (ode6) ;

~» Computing syametries using: way = 3

[0, x], [x, O]
&~ successful computation of symmetries.
[ xi =0, _eta=x], [ xi =x, _eta=0]

Below, G is again an arbitrary function of its arguments (the ODE does
not match any recognizable pattern).
> ode7 := diff(y(x),x,x) =
1/1n(y ) *(diff (y (x), %) "2 = y(x)*In(y (x) ) *diff (y (x), x)
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+ y(x)*1n(y (x}) "Z¥exp (-2#x)#G (diff (y (x), X) /In(y (x) ) *exp (x)}) /y (x) ;
ode7 := diff(y(x), "$ (&, 2)) = ({diff(y(xn),
X)) "2-y () *1n(y (1)) *(diff (v (x),
x)) +y (x) *1n(y (x)) "2%exp (-2%x) %G ((diff (y (x),
x))*exp (x) /In{y (x))))/ (In{y (x) ) *y (x))
> odeadvisor{ode7) ;
[NONE]

> symgen (ode7, way=abacol) ;

-> Computing symmetries using: way = abacol

(0, In(¥)], [exp(x), 0]
<~ successful computation of symmetries.
[xi =0, _eta=1n(y)], [ xi = exp(x), _eta = 0]
EMENSHE
A third order example
> ode8 := diff(y(x), x,x,x} = 13/8/x 34y (x)-1/8*%(-
20+diff (y(x), x, x)*¥x"2+26*diff (v (x), x)*x) /x"3-
1/8%(24%diff (y (x), x) *x " 3*diff (y (x), x, x)
—20%diff (y(x), x) "2%x"2) /x"3/y (x) ;
ode8 :=diff (y(x), "$ (x, 3)) = 13/8%y(x)/x"3-1/8%(-20%(diff (y (x), '§ (x,
2)) ) 4x"2+26%x (diff (y (x), x)))/x 3-1/8%(24*(diff (y(x),
X)) x"3(diff (y(x), “$ (x, 2)))-20%(diff (y(x), x)) 2%x"2)/{(x 3%y (x))
> odeadvisor (ode8) ;
[[_3rd order, with_linear_symmetries]]

> sym8 := symgen (ode8) ;

-> Computing symmetries using: way = 2

[0, 1/8%x/y]
<- successful computation of symmetries.
-> Computing symmetries using: way = 3
[0, 1/8+x/y], [0, ¥1, [x, 0]

<{- successful computation of symmetries.
sym8 := [ xi =0, eta=y], [ xi=x, _eta=0], [xi=0, _eta=1/8%x/y]
Here is how to find a solution for ode8 using these symmetries:
> ans8 := dsolve(ode8);
ans8:=y (x)=2/29% (145%29" (1/2) #x” (9/4+1/4%29" (1/2) )*_C3-145%29" (1/2) *x

-26-
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“(9/4-1/4%29" (1/2)) *_C2+1682%_Cl¥x-841%x" (9/4-1/4%29" (1/2) ) *_C2-841%x
" (9/4+1/4%29° (1/2))#%_C3) " (1/2),
y (x)=-2/29% (145%29" (1/2) *x” (9/4+1/4%29" (1/2) ) %_C3-145%29" (1/2) *x" (9/4
-1/4%29" (1/2)) *_C2+1682% _Cl*x-841%x" (9/4-1/4%29" (1/2))*_C2~-841%x" (9/4
+1/4%29° (1/2))*_C3) " (1/2)

AXHRRBITERFREI TR, TREFTRETCR I EEE, BFHAX
MRt RRRA R, HAFIRELFRERKLEFMANERI HENE,
FRESREA HTBEREURBROETM EMS HENKE, L BaS %,
HSEANFE. EBUTFERERE T MaplefF, BRMEHENREBRBEHI T
AR, Xt RAEILREN— AR,

TS E T SRR A TRR LS FI M 5 8538 A Grobner B i, WA
HBRMHEE S, HXHARRENREES, BTEE, Y XPRENMEHEXA
-
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HEZEAR T BUE BEHE

FOTE HEHE

X#R[29, 33, 34, 35, 36, 37, WIALTHS»—REFTRE (A) HFE
YRR Pade IRUBMBAR LI, ROVEFR IR MFEAHAKROER L,
BAFMFMEFRTERS —~REFENFRYEMR, SR T KB LIRHNSBX
B, XLEAHAEIIRKBNERAAERNRE.

A, BNOFRTHATENREERE Vatlab KBTI EETRAE
LM REH RN B R, T RIERANTRE R %, &8
BOBMA I ENAERE Yaple RHEFREER LN Pade HEURILIRT
X, BIGRAIF A Maple #4445 H Pade IR UR T TR R —4r R TRIEE,
14 T RS 12N Pade IR BN R EE .

4.1 RN A

—RYARBTER L TER:

F(y,y,x)=0

V(%)= Yo, Y'(X) = 3.
KPFyRIVBENEHTHMABER, THELER. ZRER:

(4.1.1)

F(yo’y;]:xo)=0- (4.1.2)
®MOEBE 4.1.1) KRN
Y=y tyxtex ' (4.1.3)

HKheR—A5y My, AHHEENEE, RIE (4.1.3) RAB (4.1.2) F,
3 HZBEIR, BRINBIHNTRT e MEHTE:

Ae=B 4.1.4
b A BHRELBER. KR (4.1.4), BAHE (41.3) PLHHEXRRE
BE, CAKATES LANGDE, RNBHHE 4LL D BEBRRENEX
HE. Tih ERRA HARREME T UL N Pade BHME, TREAERZ
A FE 41 1) HERKIEKEER.



B EAieX FNE HEyE

4. ABRERTEIBUARY SR

BN TFERE XS —ENNER TR
FG)=fy+ fx+ [, 4ot ([ 4 pe +- 4+ pe X 4.2.1)

Y p,p P REE, e.e, e ARBeME, mBABHSE. y £

4.1.3) PmEERIME, F—EAREEE (4.2.1) PHEEEHRER. Hiit
e A E-T

Y=o +yl.lx+yl,2x2 +eertex” 4.2.2

H (4.1.3) HR, KPy Ry SR, Bi1 4.2.2) AH 411
:P! ﬁgj: ’
Ji=Uatpg+tp e )+ (4.2.3)

KPR QLD BRSO,y 0NE SR, MR f0y0Hy, R j=0,
‘W j=1.
B (4.2.3) M 414, BIONEBH 4. 1.9 PHEHEFBROT:

A4,=F,

B =-f, (4.2.4)
RBUEHETR, BORBe(=12.m). He /AT (4.2.2), BRIBH

y(i=12-m), KPRy ZHXEInHEHA, EEN L2222 H Q20 H

AR, RIMNGIRAITE U LD HEBERNEREE.

ERx LHIB KN b, BEAAR y My B 2EF, ROBHE=x, +h M y A
y HREER. mMARMER LEWTE, BAR2MMETE CLD &
BUER, BRIVFTVERBRS TROTREME, RITATLIEEHIN Pade &
BRREA.

4.3 Pade E{LfZ

BE f(x)=ic,.x“ 4.3. 1



@it A it BNE MEHE

R RAIALBE e, =02, f(x) AEERH. Pade IR WM T RIS HF
A

a,+ax+--+ax"
by +bx 4o+ B M

BEAS (43.1) RAE—BMNETHHREFR, TEIE (4.3.2) 58
L+l M FRE £ (4.3.2) PH W A BERE, FENPRSRPHEE
FHXNARRAT, RIONS, =1. ZHEERFARTFEZEEN—H2. T
REH LI MBS FREAM AR O BRE, S35t L MRBRY,
XEEFRABFEHRAT (LMEEZSRER (4.3. 1) BB RO FREEPH
—RHL x, 2, XY RN, BA:

[L/M]= (4.3.2)

& .=a0+a,x+-~+aLx‘ sl 3
;c,x‘ bo+b1x+---+b,,x*‘+Q(xu ). (4.3.3)
ZA:

(B, +b, +++b, M Ne, +ex ) =g, +ax+---axt + QM) (4.3.4)
| v o a /3

W P MY IR RS, BAE

By aen +BygiC1pain oo+ B0, =0,

.chL_m, +B, 1 e, =0, (4.3.5)
byc, +b, cp, + o+ bycpy, =0.

ME j<0, BEc,=0NFEH BRD, =1, HE (4.3.5) ZEMTXT U IHE

U HPRXRRN AT EA:

Coua Comez Ctma 0 G 1 (5, 1 [ewn ]
Crarez Comes S ™ Cia by Criz
Craers Crares Crmes °77 Cra bz |= | CLs (4.3.6)
| ¢ Crn €z " Cuan |8 ] [Cre]
FRb EIKA TS (4.3.40) Prxd, - HHEXER BHTHIE
A



LA X BUE NEVE

a, = Cy,
a, =¢ +h¢,,
az=c2+blcl+bzcm 4.3.7)

min(L M)

a=c+ 2 be.
i=l

MR a. TR (4.3.6) B (4.3.7) RET Pade ZHHH THLE, EIIH
#WAE Pade 1R, FMNBILT[L/M]K) Pade IR, X SHETRM M B

o —H.

4.4 TEGIF

i 1| BB THAHMETE:

[1 ~x V; 1 —(1+x)] LKA 0
_00v;+0 l_vz“smx
mBAYE:
vl(o)]z[l],[vgm)] z{—l _ (4.4.1)
(»@)] {0]]v0)] LI |

BRAREEFER:

["1 (x)] _ [exp(—x) +xsin x]

v,(x)| [sinx

WEIRE K, (4.4.1) BIRETTLUREN:

v(X)=y,, +yux+e,x2 =1-x—ex?,

(4.4.2)
V() =y, + Y, x+ex’ =x+ex’.

# (4.4.2) AR 4.4, HEZREERRA, RMNE:
(-3+2¢)x+0(x*)=0, (4.4.3)
e,x+Q(x*)=0.

FTHEHEEE (L.2.3) HX, 5 4.2.4) BB mTREA%ES

Ae=B, (4.4.4)

20 3 €
ey o))
A (4.4.4) PROBHZHETR:
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WL ERRI BT HEHE

MEH;

KF A T ERIGE:
o)
e=
0

v (x)=1-x+1.5¢",

(4.4.5)
v,(x)=x.
M (4.4.5) HE, RATATLE (4.4.1) HRRERA:
v (x)=1-x+1.5¢" +ex’, (4.4.6)

v, (X)=x+ex’.
pltott sk, RAE (4.4.6) KA (4.4.1), ZEERRE, BNOBH:
(0.5+3¢)x* +Q(*)=0,
(0.1666667 +¢,)x" +O(x*)=0.
e

A=[3 0],B=['°'5 ]
0 1 —0.1666667
H (4.4.7) BINGHEEHE:
3 0]e] [-05
0 1]le| [~0.1666667]
R EEHE, &NGFH:
=[—0.1666667]

(4.4.7)

-0.1666667

BEkH:
v (x) =1-x+1.5x* ~0.1666667x°,
¥, (x) = x~0.1666667x".

ER FRMEE (F Matlab TAHS, RINKE T HNEERF EREFREE
RAMEEXANBZLR, BRHR I, RIGH:

v,(¥) =1-x+1.5x* —0.1666666667x" —0.1250000000x* —0.8333333333x 107’
+0.9722222222 x1072x® - 0.1984126984 x107 x” - 0.1736111111x107x*
~0.2755731922x107° x* +0.3031305115x 10~ %",

v,(x) = x~0.1666666667x +0.8333333333x107x* - 0.1984126984 x10”x”
+0.2755731922x107°x°.

(4.4.8)
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5043 4 FNE AN

V85 Maple SK{FEY Pade [1354LTHAE, BAIA AN v, (x) TS Y FEM
Pade S E0#% .

1-0.6633044x+1.2576713x" + 0.2561786x" — 0.0471293x* —0.5249978x°

P=[5/4)=
[574] 1+0.3366955x +0.0943669x° +0.0121698x” +0.0046050x*

B RBUR v, (x) T LUEE4L 5 T E A Pade B3R

_ x+0.1338383x° -0.0033128x
1+0.0328282x” +0.0004509x*

g=[5/4)

BEERRAB v, v, TROBE v (x),v,(x) F v (h),v,(h). WEBRBBE Y
iR, B4 Pade ZHEF R v, v, W LLRENFR . Pade RECEIRERN K E B
SRET RN S BREEE RN, RAETURMAMGE, 158 Maple Bk
¥R RBREIT AREIER Pade REAE.

THERNFHA Maple KAGRETIEE, 2HEH v, (x) Fv, () FIFFMER Pade
ERER~SHFTHEE, UHERILE Pade TUR ERBRMELESE.

-

B4-1 v (x) kAR AR (5/4) PadeAG M AR —L 44 T HBY
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HLFRRY FNE HKEHE

1-
£
0.5+
j '
-3 -2 -1 1 2 3
L.l]_ll-l!ll[ll*ﬁ L4 4 k1 ¢t ¢ o 1 & 4 4 1

B4-2 v,(x) #53k s R Ao K [5/4] Pade R BLIG AR £ F) — 445 F 49 B

HEARESHE, BITKETHRMRESE:
)’; +y3y;_02 'H)y; =-y, +14sinx,
O+ )y +yy, =~
Yy.y,—e " sinxcosx=0.

VItE1ER:

1 -1
y0)=0,y(0=|1 |
| 0

FORHaRER -
»(x)=e~,
Y, (x) =sin{x),
ya(x) = cos{x).
KRB -



B4 i ANE BEHE

,(x) = 1-x+0.5%" - 0.166666667x* + 0.04166666667x* — 0.008333333333%"
+0.001388888889x° —0.0001984126984x” +0.00002480158730x" ~0.2755731922x°,
,(x) = x—0.1666666667x +0.008333333333x" - 0.0001984126984x
+0.2755731922%°,

,(x) =1-0.5x" + 0.04166666667x* - 0.001388888889x" +0.00002480158730x".

BATH LT RER y,(0), ,(0), y; (x) AL BT ) Pade Zi35AF:

p=[5/4]=(1~0.5555555556x+0.1388888889x” —0.01984126984x"
+0.001653439153x* —0.00006613756614x° ) /(1- 0.4444444444x
+0.08333333333x% +0.00793650793 7% +0.0003306878307x*).
q=[5/4)=(x-0.1338383838x" +0.003312890813x") /(1 +0.003282828283x"
+0.0004509379509x*).

r =[5/ 4]= (1-0.4563492063x" +0.02070105820x") /(1 +0.04365079365x
+0.0008597883598x").

A, BATFA Maple KFWLEDE, SHENH 3 (), y,(x) Ty, () HHEH

AEA Pade ZBUABURZER — IR THEE, FNE LR Pade ZEIE LIRS
HfEEERER.

\'m._

o
FrrTTrr Ty vy rYI Tt 1Ty frrrryrrsy v s}

-3 -2 -1 0 1 2 3
X

B 4-3 y (x) 4 ARA[5/4] Pade B MM ER—L A TFABY
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RLFH®T BME WEHE

B 4-4 y,(x) #h MR [5/4] Pade BACE UM R — 445 F A H

B 4-5 y,(x) 6 A [5/4] Pade BAGHIUR A Bl — 245 T 84 B
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VA & PUE MENE

H L% RS BIRE R [5/4) Pade RACELIAETER —A47 T BIE TR L BT
PEW, —FEEREMHESY, BT R Pade FECACWEERN T RIELR
PRI OMER, ERRIN4EHR.

Bkt A B B &8 T i EHBR A (Maple HA4HH Matlab ¥
), 7 Matlab 5 TRBEPRIGE T REFZBEERF, IR TR
HMRESREFFEER RSB LT E. BidEA Maple AP Pade B
BT RAIERIIEE, KRBT Pade MUISEM, fEH THHCETIEN Pade
ERSERIERRER— SRR THEE. BMRECREKENRIR. &
FILifeti2 e, £ EH LBTHRE, MERE. MSLRAN, BFIEE,
HEERER N ERSE TUESERTFIOEER LdRkgidR, HENE
EEERN, FETHEIBREERRHRT. AMUNE, AHENKRNLERET
It RBOLRAL, HEARGHER, BEERSRE, BOREFES.
X— e, M EBHFREN Pade ZEBUELFER —LFTREBR T L EREE
23, dlt TR, BHERECRBRS T EATRANLEHE, ERFA.
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B BhE FHS—HERSHENE

BEE FS—HERSHERNE

5.1 BEME

FEMERER R ET, FRERROMHS FEEE IR H 12
BERD TRk, Alt, FXERHEEHT —HAER. HERMNE—AHLEE
RS BB EH (A A ETREREFE), RIENA
EEAPHREE A, MAR—FENSE CUORER—Ritt BFFRA)
melgE TR, KBHARSHAAMFENZHAA, IR ERED T EOR
BEMN THFER A T FRA M. R KO ET HRAR A LEE
B (BRUHEEERONER), BARNRTUERRGREHE, mRFK
BOREANTREANSEERESHNRRRETEL, BARNAFZRER
R, EXEMAR, EREATNEEA, KEETREEHRORES T
ROEURERCLES. T, FS—BEEESTERERES TR T E
BRREBRMNEZFRAFA. ZEKBRIFRUD HTERMEIHEET LA SR
B9ERE E, BAIESIASEE Banach 2 (@) () Newton 4%i% (7 Banach ()4,
X4 8% Newton IEAVEMULEE, MMAHR Newton EREP RN EERLERR
BALEE R R RIS S BB AL ), FIA Banach Z¥[a] “P i #Y Newton 354%
EA PR A S0 A REFE S R S EAEUEER, BdNTHERNSH
RiAE, £ ENLET, RTLCKEHEREERMGLEER, (B,
BEUAASRETMAEEREEE, BX5PRTUHENATRERLEME
W, BE—MELT, ZCEEFAIER). NTIKBERAZ HEHLEEE
REUELAERR.

5.2 HENRZE

FWERHRIFILSNE, AVRAFRBAERNA—R, TR TIRE]
F[3), EEWLIAE XD EBE AR,
5.2.1 Z /Y 54HES

REKR-BEIAZTHTAHEER. RNEXTHFABENKE
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B2 Fh¥ HS—HERSHETE

x, <, <%, SEH EHA P e K[x\K, BAVRIER deg(P,x,)>0 HEKXTHF
p R PHIE, BHcs(P). EBEHNEE D 0. ] p=cs(P)>0,#x, h 5]
RPHST, i@Hh MP), deg(Px,) BPHIRIKHL, BH]deg(P), Tile(P,x,)
b PRI, 8K ini(P).

XS 2. 11 K] PEEREHABENAT RETHFES
T=[I;,T2,“‘,T,]

BH=AFEIEFELUFAF, MR cls(T) <cls(T) < <cls(T)).
HEE=AAERATEA

T;(xp"'ixp‘)’
po| BT ty,), 6.2.1)

aaaaaa

I;(xl’.‘.ixni'..’xh".-’xp’)

pr i}
Q<p <p,<-=<p, sn,
p,=cIs(T}), n =T),i=1--r.

WTHG. 2. D)FRI=/HF, TP HE—SHA. R deg(P,x, ) </deg(T) s

METE AR, R P X TS RALH. £
R = prem(--- prem(P,1 ,x, ),--,1,x,).

r”’i

%2 % prem(P,1S), BN P TS HIHRR. HUTHRAK

18 1*P=Y OT +R, 6.2.2)

=
B g BEREBYE, @

1,=ini(T,),0, e K[x},i =L,
FRH, FEPXNIS RALKIERE prem(P,IS)=P . HAEBELAXAPS .
prem(PS, TS) {4 { prem(P,TS)|P € PS}.
3132 5.2.1. 2 M K[ x| FRER=MAFTS EEHMA P, WE prem(P,15)=0, W
Zero(TS | ini(TS)) < Zero(P).
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LY FLE WS—HWERESHHFE

EASRICR(2], MEE.
EX 5.2.1.3 ZARNT=(L,L, - TIcKx1HAEFEAN, MEXNFHG
2<isr, TXIT, T, -, T 1 i RALE.
BN AN ETERIARORES TR A FEAF.
EXS5.2.1.4 AFICSHRAFEZETAMA PS c K[x)FIFET, K
CS (PS), prem(PS,CS) = {0}.

g 5.2.1.5 ®RCS=[C,,---,C. 1A EMA N A PS c K[x) TR, Héy
1,=ini(C,),P§, = PSU{I }i=1,-r,
IS =iniCS)={1,,-+-,1,}.

.

Zero(CS 1 IS) c Zero(PS) c Zero(CS), (523)
Zero(PS) =Zero(CSlIS)ug Zero(PS,) (5.2.4)
EKUEK WIS HPp L.

5.2.2 R—Ritt JE

ENS 2 2 1V HRKPHFEESHAF WG HEENE, CEF<GRF>G,
IR cls(F) <cls(G) R cls(F)=cls(G) >0, Hldeg(F)<ldeg(G). Xk, ¥ G
L F AR,

MR F<GHF»GEHABIL, MKFRHGAHHEANK, BEF~G
EXN5.2.2.2 MEER=fRT

T=IL,%L,~, 1), T'=[L,T,-T]

1552 y

WRFFLE j < min(r,r) %

T ~I;',---,T

i

~T,, T, >T;;
BEr>r, BL~T, T ~T MR TH T HRRNE, SET>-TRT'<T. I
B, HHRT U THEMA®K. MBET<T AT <THBFHEL, WHETHT AEHE
FE#, ST~ T XHE

rer B~ T~ 1.
EREREZZHAAPS. ROAMFACE T PS OAAARNES. TS

FHABERTF, Fild=0. Ko WERRDFATIN PS RS, KEHREF
T, W T LR



AR BHE NES—HEARGHENE

MPS=FS Fith, RMEXPER I HREEMNEHA, BWB.F
cls(B)=0, M[B] RPSW—HFI. EM, @&
FS,={F e FS,\(B}|FxiB R #2110},
MR FS, =0, HA[B|RFS =PSH—EF, B1BIEKFA, FS,THHT
EHASL B FEANK. BRB, HFS, PESENZEA, Hé
FS,={F e FS,\{B,}|FxtB, R #3481},

% FS, =0, M[B,,B,] b PS #1—&F]. FM, \FS, PR —HREHZHA B, ,
ik bR R4 mieT. T
cls(B))<cIs(B,)<cls(B)) <+-<nm

E—RELEARSAEL, TRLHKEPSH—#EF.

TEHEEEHIGSE LR E#E.

5% BasSet: BS = BasSet(PS). {LAFZEMAL PS c K[x], FHEHH
PS %3 BS .
Bl. #hFS=PS§,BS=02.
B2. ERTHIREEFS=0.

B2. 1. AFS PER—HRIRMHZHAB.

B2. 2. fr BS = BSU[B]

B2.3. B cIs(B)=0, My FS =3 BN
Fs={F e F$\{B)|FXBR#A1LH}.
THRIMEERRitt RENNEE, ZHERE T oI NERZHALAK
RBHEFET.
$3% CharSet: CS = CharSet(PS). fE4 ik £ WA 4 PS c K[x], ABEHR
PS IEEFICS .
Cl. #r FS = PS,RS = PS.
CL.ERTHFBREERS =0.
C2. 1. 8 CS = BasSet(FS).
C2.2 MRACS RFEF), MRS =0: FUHE
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B2t 2LE FS—HERSHENE

RS = prem(FS\CS,CS)\{0},
H A FS:=FSURS.
31522 3 HPScK[x] &Y
BS={B,B,B]
HEFIEFEERAL, KB cls(B)>0. WEB L3 BS ALNEZT LR,

WA PSU{BY H—H5Y, JLEM BS AIBKIR.

IEEBH 2 ROTER (2], AARE.
B E LR 3k CharSet BISRINTF:
PS=FS,cFS,c--cFS,
u u U
BS, BS, - BS, =CS

RS, RS, - RS, =0

He
RS, = prem(FS, \ BS,, BS,)\ {0},
FSH} 3FS, URSH

B.BS, R FS, WEF).

EFRRE: ®CSHEBWMAPS H—MFES, W

Zero(CS 1 IP)  Zero(PS) c Zero(CS),

Zero(PS | IP) = Zero(CS / IP),

Zero(PS) = Zero(CS [ IP)+\U, Zero(PS +{1.}).
AP I HCS PERRC MR, IPRCSHURR. i, CSHFRLSHE
FPSHF.

5.2.3 ZMABHITFSIR
EHS231 (FAMREED FE-NEE #F8NTHEEHEHAELS,
AEFRENRETRIATICS,, R

Zero(PS)=UZero(CS, / IP), )
i
Remdr(PS/CS )={0}. (525
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R FeX FEE NS HBERSHEHE

(1) PREA IP HBA T CS, MATAR. 1o, (5.2.5) PHEACS, HFHE
=T PS R,
E5.2.3.2 (BAMEEE 1D HEMHE, ERMTAENTHALPS.
AEHREATEUARSIAFICS,, HR
Zero(PS)= ltJ Zero(CS, /ISP, {n
Remdr(PS/CS,)={0}. (526)

(11) G4 ISE, RAEMFFICS, HIIRABETR. s, (5.2.6) hrEt
CS, HIFET R T PS HIFF.

EY 5.2.3.3 LAFE5.2.3.1 fiEH 5.2.3.2 P HMFAF CS, HMHEEATR
fk PS B— A HHEFFSY.

5. 3 Banach % (8] AR 251 B Newton JX{X 7%

TRR[32] A [TLBRH T KBl Newton FiER#R Jacobian HEFEEZTRF MK
B RAMETAE, R30I M[T4IHAT FHHE Newton J7HEKAM Jacobian
ERESROREFTBRAM TR, SR M5 SIAGEEEMBESEER
Newton 3:f0xE, BETREEACIIZAM Jacobian KRR T R &N
EHR BRI R R R b, @I (M) FHATERGE
IR A DA AR R mMUASGE, % TH ) Banach ZRPFHHE Newton
% 0¥, Banach ZRIP MM Newton BEREEFRMNKBRBHEAM
Jacobian $EMREFTRAFTROEE, I AT REREHEANELHEER
EATEE.

4114 Banach P72 4 Newton HEMUABGHE. B A RATS HAEHHIE X

. = maxis),

=Sk
|xﬂp = PZix,l (p>1).
BA1E X F %F x84 Jacobian AT W hxk EEE:

JF(x)aJ(x)=(%ﬂ],i=L---,h,j:l,---,k. (5.3.1)

J
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BEEMBX BLE NI BERSUENE

LR F() M x BEMER nh=k), BIEREHBRER Jacobian 4EREIED
7, MI) 20X THAHAES Ftx, BITEX F Ex AM# Jacobian 4E/
J(x). T, HH Newton HiE (IX#R[32, 71]) SFEME Newton
T CuR(30, 74]) ERKEFBATHNEAEL L k. KEERTUE
EMFTRER:

X = () = ) 4 g (5.3.2)

oA o J MDA, s XK Newton JriPag Newton 5 KE MR F %
Z 1Y Newton B EHTMLL
iF(x")+J(x")s‘"’“S 70'(") iF(x(n)) ,(n(n} e[0,1]).

BF)MN x KERT RN, FH Newton HEAGEMA, HAIXH FEAMN
Jacobian R REEIEHEE. NABRMNEEHAEAFREAENRL B4
FERKBEREZERBHE. Hik, RAOSIAMST LEEFRN Banach
22 (8] P #L Newton J7 ¥ 1M bA Skt , S8t S5 0 A 4L B AVHR 2 o Banach (@
HFGEE (CURRRRSGER AL, Banach 2Pl WA BUEN THME
FEARBMIL, WEAEEOE .

EX5.3.1 ARG AR 4" #%2:

AL A=A A AA* = A (A'A) = A" A (A4") = AL". (5.3.3)
Hp () REEMEmIE BERE.

TEHEREH TS, SUEEENTFEERE—E.

513#5.3.2 {EFEREA, KM IR FEAE—.
EBE W 3CHk (72] SR (73] .

EX5.3.3 AMMST SUEERREANGEER, MRER AL =1, Ai¥E

Bk A",

FE X2 FIm[14, 15].
MB-ANERFAFREER, KESERTFEER—.

SIE 5.3.4 F)A—HEA, JRFMH Jacobian EE. # J(v) RITHRKE,
0 J ) =J" () (x) B J(x) 438

E: m*e:zrmm—zﬁg{Zt,;'z,--‘,;’h],



Edviie e FLE FSRERIWEFE

BB 1B =(J"B) (J'B)=0=>JB=0.

& TFE, -, €R, HE

BT A ) et 0 Ua =0

B UG it )= 02 T (5 ko1, 103) =0,

R rank(S")=rank(7y=h, TREIVE fu+--+1,u0=0.
B ur,ua,ee, R R M

n=r=-=n=0.

AT L T e, S wn RBTEXL, B rank(U")=h.

Bt S () = J (Y () RAERE J(x) I ERE, J-(x) R kxh BO5ERE.
HTEREE, RIA KO T Newton BT Ei:
g(®)=x+s=x-J (OF()=x-J (XJ@)J (X)) F(x). (5.3.4)

Heh o) Hx REFHB A AR, P KT @I 0)'F) R Is=-F(x)

BN LSRR,
5.3. 1 itk Newton XK FMEERZ
Hik:

x‘TVF;EFa ﬁx:

£(0)=x~J (OF®)=x~J; (W, ), @) F ().
X =X,
Y=g/ (X),
while|]¥ - X} > £,do
X =Y,
Y=g(x)
return(Y).

23 (6O 5, x Y i G0B g (IR Mo B, o EXOWSIEN, BH F@)=0.

M h=ki, JSRHJEER S =07 X0 G Newton AT EH Newton
Tk, HFERAPEE o MHEMA RIS
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BEEFaRY BEE HEHERGHENE

5.3.2 FHERIERTEFIRTH St
BE—MHER 20 =[x, x0, - x,OF  BA TR I FIEAUF:

¥ = g(x) (5.3.5)
Hbg# (5.3.4) P4, TRRMNEEBEEOIHESAHE.
EHG.3.2.1 HEg(x)iHkR:

le¢x) - gO)| =< Afx-») (5.3.6)

ME By HEE ﬂx—x“”"s p,l{y—y"”" <p, A Lipschitz B%, #2

0<A<l. ’ (5.3.7)
s
|g(x‘"’)-—x‘°’l] <(-2Dp. (5. 3.8)
4.
(1) MFHER (5.3.5), HR|Je-x]<p. (5.3.9)

(i) BREEB e MEBESa.
(i) a X g#Efpe-x)sphie—EEA.

(iv) a%]FElx-x‘“’!SpCPE‘JW.
NP
(i) B4 =g(x), BG.3.6), 6.3.0F:

“x(n_ xm)I <(1-Aps<p. (5.3.10)

AV %R (5.3.9), BEHN FER D xD . ™, 6.3.98K, FTEMR
(5.3.5)H:
Ix(-»l) - x‘"’ﬂ = ﬂg(x"")— g(x(n-n)l
< A -
< 2 -0
: (5.3.11)
<A ux‘“ -x‘°’|
<A"(1-A)p.
N wan - xm)l — I(x(nﬂ) - x(n))+...+(x(1) — @ )"
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slx("*"—-x‘"’ﬂ+---+lx‘"-x‘“’l
S(A"+ A ek D~ A)p
=(1-4"")p
sp.

(i) Rik.

(ii) MEEEBE oM p, H

Ix(-»p) _ x(-)ll = "(x(mp) - x"’*"") ok (x(mn - x(-))ll

Snx(-“?) - x"*""l+~--+|r“'"" - x(n)l
SA™ AT peet A7Y1-A)p (5.3.12)
<(1-A")pi”.

Ve>0,0<A<1,3N(s)>0,4" <e/p, X?Vm>N(a)iFﬂp>0i517ﬁlx"""’-x(“"ﬂ<e

Bx. Bit{x®} % Cauchy FF3l, Mii{x”}EER, EHha. EGE3)PEX
fEaEAS.
BREK g, ()i =L k ERSPESE, () FHM ), EG.3.5)PH

FREAN e, Ba=g@), p-af=[ec")-g@|s A" -a}
FR | -of=s"")-g@)] s 4" ~ofspi”. (Gi)E.
(iii) . BESRESPHE W, Plo-p]=0.81(.3.6), 6.3.7),
BA14:
le-Bl=Js(@)- B < Afa- Al <fe- AL
FiE, Milia=4.

(iv) BRa RF EIx-—x“”lSp‘PB‘Jﬂ. BEAR 7 RATHEIO, MRS (U5 R
Rk
7 5. 3. 2. 1 REWRRMERI— M RS EEFNTHERALO, BAE

WL g — P EEA. BAER, ERXHEET, ST
A% g x5, WwEKBEEN.

Kk L, ERIGEHRE RN g WABE—BE AN, RITRRAEMHEBARMRK
LRTFEOGIRERE.
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EIE5.3.2.2 FHgFBESa, Hgx)FESH—MRIFE #HL

|3g(x)| A
ivle - A<l . 3.
) <k' < (5.3.13)

NFHKBH fr-af<p (5.3.14)
A
(1) SHEREHR 6. 3. 1) [ 50, (5.3.5) PHBIAERAA L WHKE G.3.14);

(ii) MERFKLG. 3 10FH0, SRR =g HBa, HG.3.14)
P a RHE—H.
iES: MR G.3 1) PHERHAYy, HEHEER.

I3 (i)
g,(x)—g,-<y)=z%<x, —y )izl k.
7= §

R LD e(x,y). B OBEG. 3. 195, FIRHG.3.19)F:

() k (i)
B -y el S .
i F=1 7

HRERMF A BRI, NTRIH g - g0 s Alr- L . FRRAER

Igi(x)_gi(y)lsz_

()T 5. 3. 1) F% T o-HA Lipschitz A, 3 (5.3 14) BEE L,
H:
¥ o =|ex)-g@)] s A -a] <ip.

AT O R (5. 3. 14) P, KIKEHE, BI1F:
nx(") —aIL = ﬂg(x""”)— g(a)L < A“x""” —aL s-sAp (5.3.15)

FRANG. 3. 1) PHEN ™, FA<IRRRHERIL,
BATA MR ER BRI O TER.
#i£5.3.2.3 BE 5.3 2 KAHHA p-EHLRL.

W9 RPRAEHEE 5.3.2.2 BAMY. X p-H8 BIEH older FERH
(5.3.13) &:
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®)
lg 5g &™)
k (i) 3 »
< q’z 5g§ ) .f/Z|xl—yj1
=1 £l i=
syl_’;-“x-—ynp.

Kb p2Le2lLp+g=pq.
HASEAN TN HER, BROE:
ls)-gG), Sdé(yjlf-lx-yl,)’ <A,

$oftem 5 60 B S A s A R AL,
BiE5.3.2446HE5.3.2. 24T, &0# Newton EATTER IR,

8. WERE—ELMa, HE (5.3.13) ME—p>086L. MREH

agaiia) =0,(, j =L+, n).

i

:mm?&%’f—’mmﬁw&. AN

Lt

E ¥ 2 ()
£®-g@=1 223 A ’x —a X5, ~d))

j-l =
i, Hh-a] SMIIX“"“—aﬂ:.
Hep M #ER:

Fg(n)|  2M
<=
o ax,ax',l 2

WA ) Newton BAUHR — W69,

5.4 FS-BERATHMASHTREAAS

ZEMT AN REST FE:
ﬂ.—ﬂ,-ai(u,)’w(l-u"), (5.4.1)
47 (5. 4. 1) PROEHEBREM FE Ry SEEHERu(-+")HFK, 7H
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m+2=(,3+1)m:>m=—;-.

Ty =" HRG.4. 1) KFH

w, —vv,—(zagz -1 =%ﬂv2(l—v2)- (5.4.2)
AR (5.4.2) MRS L AIEE W T R MNE:

v=a,+aT, (543)

T = tanh(£). (54.4)

# (5.4.3) KA (5.4.2), AHTHRAKTEHSSBRELN 0 FRAHE
SRS BAWT: :
(R = pa} - 'd} -2 pkea,s, - WW'a} +2pK a! -4k aa =0,

P, =2k, - fa, +2fa} - kea, =,

P, =2fkca,~ f'a +8k’a, + 8k 'aa, +6f’aja, =0,

P, = kea, - 2k"a, +2fa,a’ =0,

B = Bla} - 4k* - 28K" —4k’a = 0.

A,

4 PS=(R.P). ERTF k<a<a<c ZTF, PSHHEES A
CS =[C,,--,C,}, &*b:

C, =-F* +16k* +88k* +16k’a,
C,=-F+8k> +4pk* +8k'a +25°a;,
C, =~4k* -2Bk* - 4k*a + f’a},
C,=-fa, +2ka, +2pa; —kea,.

WARBTRAP o, HEH, ka,a,c hT. MBI 2K EERT L
REERBELRATEFRSHE TR AMELE. SNESRa=0,=1, 7

LIBRHAETE, a),a,c KT BEUE R @UHET Newton BAEKBRB A BRANE
FREZETERBHR -
k =0.2041,a, = 0.5000,a, = -0.5000,c = 2,0412
BAVEIAN (5.4.3), AIBHE (5.4.2) KELHEEN:
w(x,t) = 0.5000 — 0.5000 tanh[0.2041(x — 2.0412)]
HMEE (5.4 1) PHRIELHREHS:



B2 ' BEE HES—MERIHEHE

u(x,7) = {0.5000 — 0.5000 tanh[0.204 1(x — 2.0412)]} .

5.5 &it

BB HERRE T B AREKE (R) MY HRETET URRRE %
FRARHI M F AR, A0 A BT R B H ARSI RS T R R th ] A2
LUkAR, ZEEAR——F%. BAFEREHS RN SE T EHE ZHNAH AT
RATRMNE, FitAXAREX—HEET —RUSORRIE, B4X51F
TRATKAEGS 7 RS BENH A, RITEATLUERE /R & RET
T ERE A RKRBLRERNRAS TR, BR—MHEL, B—PHA
SHERARNAELERTHR, FERFESHHEXFARRLA.
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BIR 1. Adomian 5388 T5 EEHI AR,
ADM:=proc(h, f, g, a, b)
global function_v;local i,poly_A, sum;
function_y (0] :=atb*x+inverse_L(h, g);
poly_A[0] :=subs (y=function_y[0], f) ;
sum:=function_y{0];
for i from 1 to 4 do
function_y[i] :=-inverse_L (h, poly_A[i-1]);
sum:=sum+function_y[i];
poly_A[i]:=A_Poly(f, i) ;od;
RETURN(y (x) =series {sum, x, 10}) ;
end:
inverse_L:=proc(h, g)
local Inner_Int,Quter_Int;
Inner_Int:=int (h*g, x=0..t);
Quter_Int:=int (subs{(x=t, 1/h) *Inner_Int, t=0..x);
RETURN(Outer_Int) ;
end:
A_Poly:=proc(f,n)
local term;
if n=1 then term:=function_y[1]*subs (y=function_y[0], diff(f,y)) fi;
if n=2 then
term:=function_y{2)*subs (y=function_y[0], diff(f, y))+function_y[1] 2%
subs (y=function_y[0], diff(f, y$2) /2!) fi;
if n=3 then
term :=function_y[31#*subs(y=function_y[0], diff(f,y))+function_y[1]*
function_y[2]%subs (y=function_y[0], diff{f, y$2) ) +function_y[1] 3%
subs (y=function_y[0], diff (f, y$3)) /3!fi;
if n=4 then term:=function_y[4]*subs{y=function_y[0], diff(f,y))+
(function_y[1]#function_y[3]+function_y[2] "2/2!)*
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subs (y=function_y (0], diff(f, y$2)) +function_y[1] 2*function_y[2]/2!*
subs (y=function_y[0], diff (f, y$3))+1/4*function_y[1] 4%
subs (y=function_y[0], diff (f, y$4) ) fi;
RETURN (term) ;

end
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MR 2 S, « BAARIET G FFh, RALH S ERI S BT,
>charset ([a0-c, 2#4m*k+al], [a0, a1]) ;

[a0-c, al+2%k*m]
Scharset ([ (2%k” 24mtc-a0) *¥al, al ~2+16%k” 2+mka2+2kc*a2-2*%al0¥a2, al* (8+k"2
*mrc-a0+3%a2) , —al " 2+40%k™ 2¥mka2+2%cka2-2%al¥a2+2%a2" 2, al* (2+k" 2kmr+a2)

, 12+k”2#m+a2], [a0, al, a2]) ;

[-240%k "™ 4%m " 2%a0+240%k "4%m” 2¢c+1920%k " 6%m"3, ~10%k " 24m*al, 12+k " 2#mta2)
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HiR 3: HRANMRIOTENRAIERFNERRNEFRETER.

function Series{)

syms el e2 x;
n=19;
digits(10);
e={el;el]:
A=[1,-%;0,0];
B=[1,~{14x):0,1];
g=[07sin(x)};
a(l)=1;a(2)=-1;
b(1)=0;b(2)=1;
v=la(l}+a{2)*x;b (1) +b(2) *x];
h=x*2;
for i=2:n
v=vietrh;
dv=diff{v,x);
H=A*dv+B*v-g;
B=[diff (H{1),x,i-1);diff(H(2),x,4)]}:
H=subs (4, x,0) ;
gg=—-subs (H,e, [0;0]);
AA=jacobian(H,e);
dd=({AA"~1) *gg;
a(i+l)=dd(1};
b{i+l)=dd(2};
h=h*x;
v{l)=subs(v(l),el,a{i+l));
v(2)=subs(v(2),e2,b{i+l)});
end
vpa(v(l)})
vpa(v(2})

ans =

. =61-
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1.-1,*x+1.500000000*x"2-.1666666667*x"3-,1250000000*%4-.8333333333e~

2*x75+.9722222222e~-2*x"6-.1984126984e~3+x~7-.1736111111e-3*x*8-.27557

31922e~5*%"9+,.3031305115e~5*x"10

ans =

X~.1666666667*x"3+.8333333333e-2%x"5-,1984126884e-3*x"7+.2755731922e~
S5*x~9
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B 4: AT Newton BAGERBAB T RANBFMBITER.

function y=Newton()

ERR=0.001;err=0;

beta=1;

afa=0;

syms k a0 al cj

x=[k;a0zal;c};

ix=[0.15;0.8;-0.6;2.1]¢

nx=ix;
Cl=-beta”2+16*k"2+8*beta*k"2+16*k"“2*afa;
C2=-beta”2+8*k"~2+4*beta*k 2+6*k 2*afa+2*heta2%a0"2;
C3=—4*k*2-2*beta*k*2-4*k"2*afatbeta”2*al”2;
Cd=-beta*a0+2*k*2*a0+2*beta*al”3-k*c*al;
F=[C1;C2;C3;Chl}

J=jacobian(F,x)}

for i=1:10
Jx=double (subs (J,%,1ix)};
Fx=double (subs (F,x,ix}};
nx=ix-Jx'*(Jx*Jx') " (-1)*Fx
err=sum(abs (nx-ix)};
if err<ERR

break;

end
ix=nx;

end

y=nx;
To get started, type one of these commands: helpwin, helpdesk, or demo

TNewton
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0.2139
0.5563
-0.5083
4.0103

nx =

0.2043
0.5028
-0.5001
22335

0.2041
0.5000
-0.5000
20417

0.2041

0.5000
-0.5000 - -

2.0412

0.2041
0.5000
-0.5000
2.0412
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