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AR EZ R RKAR
A F R LN LR~ MREZOWRS [, MILHSIZRR(R
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MBI EERHH LBERRIES.



Pi(Xy,Y1,21) Po(XpY2Zy)  Ps Pa(X4) Y4, Z4)

K Py (x0, Yo, Zo)



(0= X)*+ (o= Y1)* + (20— 2,)* =d}(At,, )
(20— Xs)" + (4o — Yo)* + (20— Z,)" =do (At €)
(xo _X3)2+ (yo . Y3)2+ (Zo _23)2 =d£23(At3> ‘9)
(%0 = X,)* + (yo— Ya)* + (20— Z,)" = di(Aty, &)

Pl(lelezl) PZ(XZJYZJZZ) P3 P4-(X4' Y4,Z4_)

X=[1.4832308660e+007, -1.5799854050e+007, 1.984818910e+006, -1.2480273190e+007]
Y =[2.0466715890e+007, -1.3301129170e+007, -1.1867672960e+007, -2.3382560530e+007]
Z = 7.428634750e+006, 1.7133838240e+007, 2.3716920130e+007, 3.278472680e+006]

d= [2.4310764064e+007, 2.2914600784e+007, 2.0628809405¢e+007, 2.3422377972¢+007]

dy d, ds dy
K Po(x0, Yo, Zo)



AE X E T R K AR
EMNZREUONZFLRN—NMREBNMARAE, MIELMEHFIERIB(CK
LR TERTRRNEEANR. S4&M4H1EEL, ELERERERIE IS
EMNER EERITE T HESFS5%.

520 :

1

{ (20 =Y mxssam,
Y=z

y=x>+a
x=y*+a



AR EZ KRR
FEMHFREONF LR~ MREZOWRS [, MILHSIZRRR
BB T AT RNBEENS. SEM5T2MAL, g reRRIaELE
MBI EERHH L BERRES.

fian:
{S“?”1y BRI SR,
y=s
a=1
y=x"+a a=j — MR
x=y*+a a=0 FME
a=—1 [/Mig

e —1 =cos(nx) = ¥EHiE?



AR EZ KRR
FEMHFREONF LR~ MREZOWRS [, MILHSIZRRR
BB T AT RNBEENS. SEM5T2MAL, g reRRIaELE
MBI EERHH L BERRES.

fian:
{S“?”1y BRI SR,
y=s
a=1
y=x"+a a=j — MR
x=y*+a a=0 FME
a=—1 [/Mig

e —1=cos(rx) = 1&HAMR? BHUSRE—RIERERILR



AR EZ KRR
FEMHFREONF LR~ MREZOWRS [, MILHSIZRRR
BB T AT RNBEENS. SEM5T2MAL, g reRRIaELE
MBI EERHH L BERRES.

fian:
{S“?”1y BRI BER;
Yy=3
a=1
y=x*+a L) a=; —®
x=y*+a a=0 FME
a=—1 [/Mig

e —1 =cos(nx) = ERR? BHARE—RITEREETER!
0 BEMIEMAERMIELM SRR (4
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SR8y 5 S

[R32: FIRESRHHNNEEE

f(a)-f(b) < 0= 3Xx € (a,b),s.t., f(X) = 0}

BRBREFTER S~ —+.



SRR 89 25 v
B FIMESERNAN ERE

f(a) - f(b) < 0= 3x € (a,b),s.t.,f(xX) =0

BRBREFTER S~ —+.

i 2B x5 1ET




SRR 89 25 v
B FIMESERNAN ERE

f(a) - f(b) < 0= 3x € (a,b),s.t.,f(xX) =0

BRBREFTER S~ —+.

i 2B x5 1ET

|Xk+1 —Xk‘ <€ Or |f(Xk+1)| < €2



S HuIF TG R

HWIN: BETRM()MXIEa,b] GHRI(a)f(b) <0), HEe.
it f7E[a,b] EA— IR (B ETE).
While |a—b| > ¢
x*:=(a+b)/2;
WE(x*);
E(x) <=, xR, HH;
Ef(x*) - f(b) <0, [ab]:=][x",b];
#f(a) - f(x*) <0, [ab]:=[ax];
End while



S HuIF TG R

HWIN: BETRM()MXIEa,b] GHRI(a)f(b) <0), HEe.
it f7E[a,b] M — MR X (B EE).
While |a—b| > ¢
x*:=(a+b)/2;
WE(x*);
B ()| <o, X AR, HR;
Hi(x*) - f(b) <0, [ab]:=][x",b];
#f(a)-f(x*) <0, [ab]:=[ax];
End while

° fim: BEARSR, AERAEL.
0 BRm: ERAFHIRFIEK, WHIRERE, BREEKR—MR, BEBR.
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=) R
EASE (Z5)

Q BEHESEBHENER f(x) =04 x = o(x) (Fa15).



=) R
EASE (Z5)

Q BEHESEBHENER f(x) =04 x = o(x) (Fa15).
Q HMAEMAME X0, MEERFT X1 = d(x).



= g
EASE (Z5)

Q MWEEEREAEBHZNHER 1(x) =0« x = o(x) (FahH).

Q MAEHINME X0, MIEERFTI X1 = o(x).

Q HikRx" :kETooka%?’f, Wx*A75HEHE  CROESE, Nx*w7Ae K
TR, Afta?) .



= g
EASE (Z5)

Q MWEEEREAEBHZNHER 1(x) =0« x = o(x) (FahH).

Q MAEHINME X0, MIEERFTI X1 = o(x).

Q HikRx" = Jim XFTE, Wx AFGRENB CEOES, Mx bR 1Y
TR, Afta?) .

BHRRX = Jim X T, MIARAN; thf, AEERBRETHAE oK
RAEEMERENX EHOERNFNHRSHE o REO .
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REFGHE x° — 2x — 5 = OW=FFENHIRAERAER -

1) x=V2x+5=¢(x), ERERX xc1 = 72X + 5 =6(xk)
2) x=%55 = g(x), BRI X1 = 57 =p(x)
3) x =240 = (x), ERAER X1 = P =0(x)




Pl

REFGHE x° — 2x — 5 = OW=FFENHIRAERAER -

1) x=vV2x+5=¢(x), ERER x 1 = V2% + 5 =(xk)
2) x=%55 = g(x), BRI X1 = 57 =p(x)
3) x=53 = o(x), HEREER X1 = P57 =0(x)

PN E RO :



Pl

REFGHE x° — 2x — 5 = OW=FFENHIRAERAER -

1) x=¥2x+5=0¢(x), ERER X1 = V2% 1 5 =¢(x)
2) x =555~ g(x), HERHR Xt = 5 =p(x)
3) x =240 = (x), ERAER X1 = P =0(x)

PN E RO :

Q M FIELMESIRI(X) =0, ZMEMHERER X1 = d(x), EHER
FFHIes ?



Pl

REFGHE x° — 2x — 5 = OW=FFENHIRAERAER -

1) x=¥2x+5=0¢(x), ERER X1 = V2% 1 5 =¢(x)
2) x =555~ g(x), HERHR Xt = 5 =p(x)
3) x =240 = (x), ERAER X1 = P =0(x)

PN E RO :
Q M FIELMESIRI(X) =0, ZMEMHERER X1 = d(x), EHER
FFHIes ?
Q ERFIIHMUBRESHENRHX?
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JE 45 R g SR 3

EH: ¢(x) € C'la, b] HE:
1.a< ¢(x) < b,x € |a,b];
2.30<L<1,st3vxelabl B¢ (x) <L (pFRAELGRRE) .

UEE

Q HFHEME— x* 18 x* = ¢(x") (X" FRAGMTENE).
Q vx € [a b], ERFI{x s, BHIREMHT:
k

L
1-L

X" = X| < X1 — Xol



Proof

1). &y(x) = x — ¢(x), Mp(a) <0, ¥(b) > 0. AN EEIEHM

X, s.tp(x*) =0,= x* = ¢(x*)

R%X** :¢(X**), m|J:

X=X = 1(x") = $(x)] = [/ () (X" = x™)| < LIx"

HL < 18x* = x**. o)A = FE A ME—.

- X

0k



Proof
1). &y(x) = x — ¢(x), Mp(a) <0, ¥(b) > 0. AN EEIEHM
IXT, st P(x*) = 0,= x* = ¢(x*)

XEXT = o(x), W:

X" = X7 = o(x7) = o(x™)| = [¢"()(x" — x™)| < LIx

HL < 18x* = x**. o)A = FE A ME—.

2). Vxo € [a,b], Bxki1 — x" = ¢(x) — ¢(x*) = ¢' (&) (xk — x7). &

X1 — X < Lxx — x| < - < L xp — X7

Frel, HEE([a, b]FEIFEX0, EKFFI{ X EBUEE X

- X

0k



ixZE=TET



ixZE=TET

Xiept — X = |¢(xk) — p(Xk—1)| < Llxk — Xe—1| < -+ < L¥|x1 — Xo|. &L

[Xerp = Xk| < [Xitp — Xiep—1] + -+ [ X1 — X

< (LT ) b -l
k(1 -r°
= S

B p WEEM, $p— +ooflB

k

L
[x* — x| < T

X1 — X
L\1 0



©(Xk)

AR SHER—ARAAK X

V=¢(x)

Pok------

yv=¢(x)

2. AR ©



Newton &K (#5X)

SHEERIAEL M T2 (X) = 0, H Newtoniz X%



Newton &K (#5X)

SHEERIIEL M HFIE(X) = 0, H NewtoniX X1
f(Xk)

f/(Xk)

Xk+1 = Xk —



Newton &K (#5X)

SHEERIAEL M HFIE(x) = 0, H Newtoni& (K&
f(Xk)

f'(Xk)

@ How to get such Newton’s iteration formula?

@ Does it work or not? Under what condition?
Q Is it fast (i.e., convergent rate)?

Xk+1 = Xk —



Key idea of Newton’s Method



Key idea of Newton’s Method

FBIEHMNIE()ERED S X0 (ATEAYME) MIEE—MR r, Bf(X)7E o
{ETaylor B 7F :

f//(xo)
2!

f(x) = f(x0) + F'(X0)(x — X0) + (X —Xx0)% +---



Key idea of Newton’s Method

FBIEHMNIE()ERED S X0 (ATEAYME) MIEE—MR r, Bf(X)7E o
{ETaylor B 7F :

f//(xo)
2!

f(x) = f(x0) + F'(X0)(x — X0) + (X —Xx0)% +---

BUEEMERSY Lo(x) = f(Xo) + I'(X0)(X — Xo) SRALIUF R KL f(x), FIRY
FALo(X)BIMR X1 = xo — 772 SRALHL F(x) B4R 1 .




Key idea of Newton’s Method

BERAVEE () EEN S xo (RTEAVME) MHEA—MR r, $§F(X)ZE Xkt

{ETaylor B 7F :

f//(xo)
2!
EVELEMERSY Lo(x) = f(X0) + F'(X0)(X — xo) SRIEINE F % f(x), FIAT

FALo(X)BIR xi = xo — 2000 SRAR{EL F(x)BOAR r . BAEF(X)TEx: R TaylorR

7 (xo)
FF, BB Ly(x) = 1(x1) + /(0)(x — %) FIEBL F(x), FIL:(X)BO
R oo =x — ff,(();1)) i&ﬂ‘)\f(x)ﬁf‘ﬂ;ﬁ ------

f(x) = f(x0) + F'(X0)(x — X0) + (X —Xx0)% +---




Key idea of Newton’s Method

BEHRMNFE(X)EREDNR xo (FTBAYME) HHEE—MR r, B(x)TE Xkt

{ETaylor B 7F :

()
2!

EVEMERSY Lo(x) = f(X0) + /(X0)(x — xo) SRIEINRE R H f(x), FIAT

FALo(X)BIRR xi = xo — 702 FRIEIL F(x)BIRR r . FIFF(x)FEx: &k Taylor&

T, BREMERS Li(x) = f(x) + F(x1)(x — x1) SR F(x), FAL(x)H

*E Xo = X4 — ff,(():1)) i&ﬂ)\f(X)E"]*E ......

KEY idea: #¥IE&MHE RELML, BREMAEMNBRERERMERE
ip):

f(x) = f(x0) + F'(X0)(x — X0) + (X —Xx0)% +---




Key idea of Newton’s Method

BEHRMNFE(X)EREDNR xo (FTBAYME) HHEE—MR r, B(x)TE Xkt

{ETaylor B 7F :

()
2!

EVEMERSY Lo(x) = f(X0) + /(X0)(x — xo) SRIEINRE R H f(x), FIAT

FALo(X)BIRR xi = xo — 702 FRIEIL F(x)BIRR r . FIFF(x)FEx: &k Taylor&

FF, BB Ly(x) = 1(x1) + /(0)(x — %) FIEBL F(x), FIL:(X)BO
R oo =x — ff,(():1)) i&ﬂ‘)\f(x)ﬁf‘ﬂ;ﬁ ------

KEY idea: ¥IFL&itH1E RELML, BRAKMEARENBREAIFLESE
)2

E: SHxoBRBEIEER (R) B, LMRBL()EHHEREEEF, FH
O oL ARt A .

f(x) = f(x0) + F'(X0)(x — X0) + (X —Xx0)% +---
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Newtonix ey ik stk

f(x)

f(x) =0<= x=¢(x) =x — Fi(x)




Newton:sx fE ey skt
f(x) f(xk)

f(xX)=0<= x=0¢(x)=x— Fi(x) = Xpp1 = Xk — (%)




Newton:sx fE ey skt
f(x) f(xk)

= X —
7(x) = Xk+1 k f’(xk)

f(x) =0<= x=¢(x) =x —

FtNewtoniERK X, B




Newtona ek stk

f
R R
fNewtonik X &=, B
f(x) f(x)f"(x)

o Ex MBI, MA(x") =0, (x") £0 = ¢/(x*) =0, &
HE X B x* BBiE, NNewtoniEK—EWe (FHA?) .



Newtonix ey ik stk
f(x) F(xc)

i) T )

f(x) =0<= x=¢(x) =x —

FtNewtoniERK X, B

o EX*AMEIR, Mf(x*)=0,f(x*)#0= ¢'(x*) =0, #
OE x B x* %k, NNewtoniExX—EUWE (HHA7?) .

° Hx' ?JfE’JpEﬁ WA o' (x*) =1 — 5. WEREF
B xo B x* BB, Rl RIEMIEE (jJH‘/A’?)



Example

Find an efficient method for computing square roots using Newton’s method. I




Example

Find an efficient method for computing square roots using Newton’s method. I

Consider the equation x> — R = 0 where R > 0.




Example

Find an efficient method for computing square roots using Newton’s method. l

Consider the equation x> — R = 0 where R > 0. Let f(x) = x2 — R, with the
Newton’s iteration formula, we have

R
Xn

1
Xni1 = E(Xn + =)

One can use it to compute /17 with initial guess xo = 4 as follows



Example

Find an efficient method for computing square roots using Newton’s method. l

Consider the equation x> — R = 0 where R > 0. Let f(x) = x2 — R, with the
Newton’s iteration formula, we have

R
Xn

1
Xni1 = E(Xn + =)

One can use it to compute /17 with initial guess x; = 4 as follows
x1 = 4.125, x» =4.123106

4.1231056256177

4.123105625617660549821409856

X3

X4



Example

Find an efficient method for computing square roots using Newton’s method. l

Consider the equation x> — R = 0 where R > 0. Let f(x) = x2 — R, with the
Newton’s iteration formula, we have

R
Xn

1
Xnt1 = E(Xn + )

One can use it to compute /17 with initial guess x; = 4 as follows
x1 = 4.125, x» =4.123106

4.1231056256177

4.123105625617660549821409856

X3

X4

Found by a Greek engineer and architect Heron about 2000 years ago!



FAR IR 7772 xe¥ — 1 = 0 7E0.5MHE MR, IR EHRE ¢ = 107°.




AR TR xe¥ — 1 = 0 ZE0. 5T I, IR EREE e = 1075,

KA NewtoniEKER, =

rre’k — 1

T —e 7k

Ik+1:xk—W:$k— o, k=0,1,2,---
kg f(xx) |z — 21|
0O 0.5 -0.17563936
1 0.57102044 0.01074751 0.07102044
2  0.56715557 0.00003393 0.00386487
3 0.56714329 0.000000003 0.00001228
4 0.56714329 0.000000003 0.00000000




WK EX B

EX: {x} — X, ex = [xX* — x¢|. &Ip > 1MEEHKC, st )
FR{x G M ISRy, BRRAE R IR A 9 pRr ST &5

lim
—00 Sk

Ek+1
P



WK EX B

EX: X} = X, e = X" — x¢|. HIp > 1FESEHcC, st Jim Si—é‘ =c, M
FR{ Xk } PR USSR, W RRAE B B9 IX AR X A pBAT U &5
BIERERAG(X), X* AOHTER (l.e., x* = o(x7)).
@ Ho'(x") # ORF
ekt = |X" = X1 | = [(X7) = ()| = |0/ (&) (X" — x)| = | (€k)| ek

Sk — coff lim L = |¢/(x*)| #0
k—oo Fk



WK EX B

EX: X} = X, e = X" — x¢|. HIp > 1FESEHcC, st Jim Si—é‘ =c, M
FR{ Xk } PR USSR, W RRAE B B9 IX AR X A pBAT U &5
BIERERAG(X), X* AOHTER (l.e., x* = o(x7)).
@ Ho'(x") # ORF
ekt = |X" = X1 | = [(X7) = ()| = |0/ (&) (X" — x)| = | (€k)| ek

Sk — 0off lim = |¢/(x")] # 0 = —HBK.



WK EX B

EX: X} = X, e = X" — x¢|. HIp > 1FESEHcC, st Jim Si—é‘ =c, M
FR{ Xk } PR USSR, W RRAE B B9 IX AR X A pBAT U &5
WIERIERAO(x), x HoBIRFNR (I.e., x* = ¢(x7)).
@ Ho'(x") # ORF
kit = | X = Xer1| = (X)) — p(xk)| = ' (&) (X" — xk)| = |#(&k)|ex

Lk = 0ofF lim Lt =[¢/(x7)| # 0 = —HHTEL.
@ X¢/'(x*) =0H4"(x*) # O,

_ * _ *Y o d)//(gk) * 2

et = | X" = Xup1| = |p(X™) — (xx)| = |72 (x" = x)?|

s = |4 4o



WK EX B

EX: X} = X, e = X" — x¢|. HIp > 1FESEHcC, st Jim Si—é‘ =c, M
FR{ Xk } PR USSR, W RRAE B B9 IX AR X A pBAT U &5
WIERIERAO(x), x HoBIRFNR (I.e., x* = ¢(x7)).
@ Ho'(x") # ORF
kit = | X = Xer1| = (X)) — p(xk)| = ' (&) (X" — xk)| = |#(&k)|ex

Lk = 0ofF lim Lt =[¢/(x7)| # 0 = —HHTEL.
@ X¢/'(x*) =0H4"(x*) # O,

_ * _ *Y o d)//(gk) * 2

et = | X" = Xup1| = |p(X™) — (xx)| = |72 (x" = x)?|

# lim St = |20 | £ 0 — ZHUgsL.
—00 k



Newtonix 1 48 sX 69 UK SK B



Newtonix £ 48 sX 69 UK SK B

@ Newtonikfeigt fx0)

(%)
# o A f(x) =0 BYER, WNewtonER ZMILE; & o RER, 1t
BfNewtonik X —A% = — M el

Xk1 = (Xk) = Xk



Newtonix £ 48 X 69 UK SK B

@ Newtonikfeigt fx0)

(%)
#Fa A f(x) =0 MEIR, MNewtonkR ZMULEL; & o AER, It
FfNewtoni AKX —MR2—MULE. 2R (B IRAKP68)

2.1

X = = 606 —9(a) = (0) + (6~ )8 (@) + 5 (X~ )0 (€) ~ 6(a)

Xk1 = (Xk) = Xk




Newtonix £ 48 X 69 UK SK B

@ NewtoniEX &=
f(Xx)

(%)
# o A f(x) =0 YR, WNewtonER ZMILE; & o RER, 1t
BfNewtoniE X —ARE—MUIL8. 1BR: (BWIRAP6S)

Xk1 = (Xk) = Xk

Xkt —a = ¢(xk) — p(a) = (a) + (Xk — )¢’ (o) + %(Xk*a)zd’”(f)*d)(a)
Recall: ZENewtoniE R F, B
f(x) f(x)f"(x)

010 oy



Newiona e 48X B9 K SK B

By assumption, f(a) = 0 # f'(« ). Denote the
erroren = Xn — «, then by the Newton'’s iteration,

we have F(x0)
€nt1 = Xnt1 — = Xp — f/(Xn) -
n
! R
e f(xn) _ enf (Xn) f(x,,). )

f(xy) f(Xn)




By assumption, f(«) = 0 # f'(« ). Denote the
erroren = xn — «, then by the Newton’s iteration,
we have

f(Xn)

€nr1 = Xpp1 — = Xp — F(Xn)

~ f(xn) _ enf'(Xn) — f(Xn)
f'(Xn) f'(Xn) .
By Taylor’s Theorem, we have

0 = fla) = F(x — &) = () — e (x0) +3EXF"(€)

1 2 £l
éenf (fn) (2)

where &, is a number between x, & . 1)

—

(1)

:en

— enf'(Xp) — f(Xn) =




Newtonz K 45K
Proof(continued...)
Putting (2) into (1) leads to

T 2 () " 2F

when e, is small.

(&) o ) o

e

)n

B9 B SK B

— Ce® (quad. conv.
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@ NewtoniEX &=
f(Xx)

(%)
#Fa A f(x) =0 MEIR, MNewtonkR ZMULEL; & o AER, It
FfNewtoni AKX —MR2—MULE. 2R (B IRAKP68)

2 11

Xt~ = 60%) — 9() = D) + (66— )6 () + 5 (Xc ~ @)6"(6)~ (a)

Xiy1 = d(Xk) = Xk

Recall: ZENewtoniEXig= &, B

/ f(x)y f(x)f"(x)
PO T ey
@ & a A f(x) =0 HpER, MIERER
f(%)

X1 = (X)) = Xk — pf’(xk)

MUY (A4 f(x) = (x — a)Ph(x),ZRiEZAP68).



IEERAER X1 = xk(x2 +3a)/(8x2 +a) (k=0,1,2,---) &
Kyva (a> 0)HI=M7FE.




EIEERAER X1 = xk(x2 +3a)/(8x2 +a) (k=0,1,2,---) &
Kya (a> 0)HI=M7FE.

fR: Blimko X = a, = a = a(a® +3a)/(3a? + a)



EIEERAER X1 = xk(x2 +3a)/(8x2 +a) (k=0,1,2,---) &
Kya (a> 0)HI=M7FE.

fiR: Rlimg oo Xk = @, = a = a(a?® +3a)/(3a2 + a) = &% = «

= lim xx = Va
k— o0



EIEERAER X1 = xk(x2 +3a)/(8x2 +a) (k=0,1,2,---) &
Kya (a> 0)HI=M7FE.

fiR: Rlimg oo Xk = @, = a = a(a?® +3a)/(3a2 + a) = &% = «

= lim xx = Va
k— o0

xc(x2 4+ 3a) — v/a(3x2 + a
PV C E2 R 2
k




EIEERAER X1 = xk(x2 +3a)/(8x2 +a) (k=0,1,2,---) &
Kya (a> 0)HI=M7FE.

fiR: Rlimg oo Xk = @, = a = a(a?® +3a)/(3a2 + a) = &% = «

= lim xx = Va
k— o0

xc(x2 4+ 3a) — v/a(3x2 + a
Xei1 —Va = k(X ) — va(3x )

3x2+a
_ x2 + 3ax, — 3vaxg — J/a
3x2+a
(o —va)y

3x2+a



EIEERAER X1 = xk(x2 +3a)/(8x2 +a) (k=0,1,2,---) &
Kya (a> 0)HI=M7FE.

fiR: Rlimg oo Xk = @, = a = a(a?® +3a)/(3a2 + a) = &% = «

= lim xx = Va
k— o0

xk(x2 +3a) — Va(3x2 + a

v = AOE0 Vel

k
x,§+3axk—3\/5x,§—\/§3

3x2+a

(o —va)y
3x2+a
Xki1 —/a . 1 1

k—oo (X — /)3 koo 3x2+a  4a
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o fim: WAER, EAARE, NAIZ, (@) WSRER.
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Newton:ix rE 48 X 8 P sR

o fim: WAEHR, EAARE, NAIZ, (@) WSRER.
o FRM: SHEBEYIRX GEHMETLE, MWAREREE. Bfta? )

Remark: Newton’s method usually assume that
its initial guess is sufficiently close to a zero or
that the graph of f has a prescribed shape.
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Figure The first iterations in the Newton algorithm for solving f(z) =0,

for two starting points: z(*) = 0.95 and 2" = 1.15.
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EENewtoniE (X F§18.

Xk+1 = Xk — F(Xk)
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Example (4)

szl sk e x3 — 7.7x2 +19.2x — 15.3 = 0 1R,
HY Xo=1.5,x1 =4.0.

4 f(x) = x® — 7.7x% + 19.2x — 15.3, RN GZHILIEAAME

Xk — Xk—1
f(xk) — f(Xk-1)

S (x)
—0.45
2.3
.90909 0.248835
.65543 —0.0805692
71748 0.0287456
.70116 0.00195902
.69997 —0.0000539246
9.459 x 108

Xkr1 = Xk — f(Xk)
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gy e fix,y) =0
mﬁgﬂﬂfﬁ?ﬂ(&yﬁ QE%) { Q(X, y) -0
S ERR: F(w) =0, HH

Fn = ( L) =



3.4 FAE£rmziEaAasINewtonxressk
AT — e > =R f(X7.y):O
WAH e A (x, y N H A E) { g(x.y) = 0
HREERR: F(w) =0, Hf
_ f(X7 y) > _ T
Fn = (L) =
Xt f, g 4 (Xo, yo)IF —7CTaylor EJF, BXHLMEEsy, 15

f(XaY)"Uf(Xo,}/o)-i—(X—Xo)af(goYo) +(y— y)af(xo}’o) -0
g(x,y)zg(xo,yo)Jr(X_Xo)@g(Xoyo)+(y y)M 0

AAX=X—X0,Ay =y — VYo, W

J(X0, Yo) ( 2; > B < ::J(()So:};?o)) > ’



X H, Jacobi(HE e B )R

- %‘(XOJ’O) (%f/|(XO>YO)
J(xo0,¥0) = | g 9g :
ox |(X0.0) By |(X07}’0)



X H, Jacobi(HE e B )R

- %‘(XOJ’O) (%f/|(XO>YO)
J(xo0,¥0) = | g 9g :
ox |(X0.0) By |(X07}’0)

#det(J(xo, yo)) # 0, AT Ax,Ay. &

L X . ( X Ax \ [ Xo+ Ax
W1_(y1>_(yo>+<Ay>_<yo+Ay>‘



X H, Jacobi(HE e B )R

if‘ if|
J(X0, o) = %|(X07YO) %|(Xo»}’0) ‘
ax 1(x0.¥0) By I(X0.¥0)

#rdet(J(xo, o)) # 0, AIfEH Ax, Ay. &
L X . ( X Ax \ [ Xo+ Ax
W1_(y1 >_(yo>+<Ay>_<yo+Ay>'
[FEE, FEXF f, g 1E (xy, ya )WE —JcTaylor R, FFHULZR P

7r. Aidet(J(x1,y1)) # 0, Al Ax =x —Xx4,Ay =y —y1,
A3 2

L X\ L X Ax \ [ x4+ Ax
W2_<Y2>_<Y1>+<AY>_<}’1+AY>‘



GRS T ...
RIS —DRT Ax = x — X, Ay =y — X K1 =0T 1241

Ax N\ =Xk, k)
J X, i) ( Ay > B ( —9(Xk, Yk) >
BETAS B AL

wer= (e )= (0 )+ (ay )=ty )
i VK41 Yk Ay Yk + Ay



Example (3.6)

RARLNE T REA

FGy)=4—x2—y2 =0 (1
{ fZ(X,y)i‘l—eX_y:O ) EX%)J;ZEAE< Yo > _( >




ofi Of
95 951 2z -9
Bz B y
J(z,y) = [a_ﬁ @] = <—ex _1>
Jox 0Oy
I ) -2 3.4 f1(z0, %0) 0.11
€ — 3 —
. _2.71828 —1 F2(x0, %0) —0.01828

e —2Az +3.4Ay = —0.11 " y)( Ax) (f(Xk-}/k) )
77— = Vi _
It —2.71828Ax — Ay = 0.01828 9% %)

. Az\ [ 0.004256
N Ay~ \ —0.029849
x( A 1.004256
wy = o =
Yo Ay —1.729849

M T xR, HF max(|Azx|, |Ay|) < 107° BHZLE.
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f1(X1,X2,~'-,Xn):O
o b(xi, Xe,- - X)) =0 _
WHEERAS | , SEREEFERA:
fa(X1, X2, -+, Xn) =0

F(X) :01 HApF = (f17f2,-"' 7f”)T7 X = (X17X2~,"' >X")T



—ax Ak e SR A e Newtonx 1K

f1(X1,X2,~'-,Xn):O
o .| RUaxe, xp)=0
WHEERAS | , SEREEFERA:
fa(X1, X2, -+, Xn) =0

F(X) :01 HApF = (f17f2,-"' 7f”)T7 X = (X17X2~,"' >X")T

B ENewtons%, BHMEX, = (Xo1, X0z, -+, Xon) ", FF{fi} FEXoRL i
TTaylor@FrfE, S RIEERNAIZMEIR S SRIEINE—N, 3:

ﬁ(Xo)-F%(M —X01)+"'+%(Xn—X0n) =

h(Xo) + %(M —Xo1) + -+ %(Xn — Xon) =

fa(Xo) + %’;(M —Xo1) + -+ 22 (Xy — Xon) = 0

AXn



EkEERREA

F(Xo) + Jr(X0)(X = Xo) =0 (%)

Hrh
OXq OXn
Jr(X) = : :
x4 Oxn
FRF ByJacobifERE.

E’TE?H( * )E"]ﬁyg)ﬁ =Xo — J;1 (Xo)F(Xo), BE{fi}4TEX: R TaylorRFF.
EEEAT{SHEr BINewtoniZE AR A :

F(Xx)

Xir1 = Xe — F(X)

= X — (JF(XK)> B F(X)



EkEERREA

F(Xo) + Jr(X0)(X = Xo) =0 (%)

Hrh
OXq OXn
Jr(X) = : :
x4 Oxn
FRF ByJacobifERE.

E’TE?H( * )E"]ﬁyg)ﬁ =Xo — J;1 (Xo)F(Xo), BE{fi}4TEX: R TaylorRFF.
EEEAT{SHEr BINewtoniZE AR A :

F(X) _ -
o =X (00)) FO%)

KPR, —RBERA TR EGEA

Xir1 = X —

Jr (Xe) (Xiess — Xe) = —F(X)

KK X1



