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ANALISE NUMERICA

Formulario

1. Representacao de Numeros e Teoria de Erros

Erro, erro absoluto, erro relativo (z = x):

i) 2€R: ex=a—7 l|es, 0:==2, 6:]  (z #£0)
i
Gi) 2€R": ex=a—7 |lesll, 0s= HifH’ 16:]]  (x #0)

Representacao de nimeros reais (notagao cientifica):

r=omf" € R\ {0}
(base) B € N\ {1}, (sinal) o € {+,—},

(expoente) t € Z
(mantissa) m = (0.ajas...)s € [371,1],

aiG{O,l,...,ﬁ—l}, CL1750

Sistema de ponto flutuante:

FP(B,n,t1,t) ={r € Q: x =0mp'} U{0}
B eN\ {1}, oe{+, -} t1 <t <ty

t,ty,to € Z
m = (0.ayay...a,)s € [371,1— 7",

aie{oalw"aﬁ_l}? CL17£0

Arredondamentos:

r=0(0.a103...0xa011...)5 X ' €R, fi(x) € FP(83,n,t1,1s)

(i) arredondamento por corte:

fi(z) = 0(0.a1az . .. ay)s x [

(ii) arredondamento simétrico (3 par):

U(O.a1a2 ce CLn)ﬁ X Bt, 0 < At < g
fi(z) 3
o[(0.araz...a,)s+ 37" x B, 5 <l <



Erros de arredondamento (x = omf3' € R, 7 = fl(z) € FP(5,n,t1,12)):

(i) arredondamento por corte:
lez| < 87, 0| < BT =1U
(ii) arredondamento simétrico:

1 1
j<_t—n 5j<— 1—n::U
el <17 <5
( U: unidade de arredondamento do sistema FP(3,n,t;,t3) )

Algarismo significativo:

r =oml0' € R, 7 =0(0.a1az...a,)10 X 10° € FP(10,n,t1,t5),

. . . N 1,
a; é algarismo significativo de 7 se |ez| < 5 gt

Propagacao de erros (x:(xl,...,xn)eR”, ¢o:R" >R, T~u, quﬂogzﬁ):

. . = 0¢
o) = O(x) —d(T) = éy(x) =) ~—(x)es,
1 &ck
n ol
€4(2) : Tk gy ()
557: ~ dp(x) = p,xx5i7 Pz \ L) =
(%) ¢(~$) ¢>( ) kz_; ¢ 2 (2)0z, ¢ L (2) ()
6(2)(;%) — ¢($) - ¢ ZL') ~ g¢ + 6arr7 qu == Zp¢7mk55;k7 6arr = Z Qk(Sarrk
gb :E) k=1 k=1
2. Resolugao de Equagoes Nao-lineares (f : R — R)
Método da bisseccao (f(z) =0, f € C(la,b]), f(a)f(b) <O0):
—a
Tmt1 = Ty + Sgn[f(a)f(xm)L m=0,1,...

|2 = | < [Tmg — T

Método do ponto fixo (f(z) =0 < z = g(2)):

(lg(z) —g(y)| < Llx—y|, Ve,yelCR, L<1; g(I)CI)

Tma1 = g(Tm), m=20,1,...
|2 — 1| < Lz — 2, |2 — x| < L™z — x|
L
|2 — x| < 1_L|$m+1—$m|7 |2 — T Sﬁ|xm+1_xm|



Lm
—1-L
oe ¢ (2)#£0, geCYI), L =max,|d(z) <1:

|21 — 20|

2= Tm41 = g/(gm)(z - xm)a Sm € int(z,xm)
2 — Tmy1| < Lz — T, |2 — zpm| < L™z — x|
lim —|Z ~ T =1g'(2)] = KU
m—oo |z — Xy, >
oe ¢M(2)=0,r=1,...,p—1, gP(2)#£0, p=2,3,..., gecCP()
1
2= Tmy1 = _'(_1>p+1g(p)(€m>(z — ZTm)?, Em € Int(z,7,,)
p!
1 1 P
z2— Tmp1| < Kplz — a7, |2 — x| < Kp7? (K5’1|z—mo|)
K, = 1 max ‘g(p)(x)|
P p' zel
2, 1
lim |2 — Tmya| —~ ]g(p)(zﬂ —: KV

e [2—alP P

Método de Newton (f(2) =0, f(z)#0, feC*1I)):

m+1 — dm — ) :O,].,...
e T T,y
1"
2= Tppg1 = —2];,((%;)> (z — a:m)Q, Em € int(z, zp)
1 m
2= | < K|z — x|, |z —am| < - (K2 — o)*

_ maxee ()]
2minger | /()]

. |2 — T f"(2) 2]
1 = =K
e [r—aaP 2PG)| T
|z—xm+1|§%_c|xm+1—xm|, se Klz—z,]<c<1
Método de Newton modificado:
(f7(z)=0, r=0,....p—1, fP®>)#£0, p=2,3,..., fecr(I))
f(@m)
m+1 — Ldm — , =0,1,...
e e
X .
s = g€~ o) =a b g et



1
2= Tpi1| < Kolo — 2|, |2 = am| < 7 (Kofz = zo])*
2
Ky = 5 max|g"(x)]
2 = 5 maxlg(z
|Z xm+1| Loy 1 h/(z)
lim Z—Tmail 2 ! _. Kb
P e A e V1) >

onde h étal que f(x)= (z—2)’h(z), h(z)#0

Método da secante (f(z) =0, f € C*(I)):

Tm — Tm—1
Tma1 = T — f(Tm) e o m=1,2,...

f(@m) = f(@m-1)’

- S ()
Z—Tm4+1 = _2f,(€m)

‘Z_$m+1| < K’Z _xm| ‘Z_xm—1|a

(z —xm) (2 — 1), Ems M € IN6(Tp_1, 2, Tpy)

_ maXeer |f"(2)]
2 minxel |f/(.1')|

r—1 . K[T] _— \/g—l—l
TNy, = 9

2 = @l _ | S"(2)
o [z aalr  |2f(2)

ic|af;m+1—xm\, se Klz—xz,q] <c<1

3. Resolugao de Sistemas Lineares (Az =b, A€ L", b,x € R")

Normas matriciais induzidas por normas vectoriais (x € R*, A € L"(R)):

n n
lzlh = lail lzlle =4 /D laif? | ]loo = max fa
i=1 i=1

[l = ggjaggl; laigl Al = /7o (A*4) [ Aflee = max Z |as]

1<i<n
(norma por coluna) (norma por hnha)
ro(A) = max | Ails AL, ..., A, @ valores préprios de A

Numero de condi¢ao de uma matriz:

cond,(A) = [All, [A7"],, p=1,2,00,  condi(A) = r,(A)ry(A™)

Condicionamento de sistemas lineares ( , AT =1b):

|z = 2ll, _ cond, ( 1A~ Ally 1o — Bl
el 1 — 1A A”pcond 1Al 161l

1All»




1A~ All,

condy(A) = [A = Al |47, <1, p=1200
1Al

Métodos iterativos:

z* D) = CzR) 4 qp, kE=0,1,...
C—=—M"'N, w=M2% MAN=A=L+D+U

o — 2| < efle — 2@, |2 — W < cF||z — 2@
1 &
o= 2® < T oD =W, o — 2] < 2 2D - 20
1—c¢ 1—c¢
k
Hx—w(’“)\lé1 [l — 2], (c=C] <1)
—c

e Método de Jacobi (M = D):
2" =D [b— (L +U)2W], k=0,1...

Iz = 2 e < e = 2@l

i—1

_ s oy oy |
M= 11%1%);(061 + /81)7 QG = Z i ) /61 - Z i
j=1 j=i+1
e Método de Gauss-Seidel (M = D + L):
LD — p1 (b _ LD Ux(k)) 7 k=0,1...
o = Ol < e — 2O
i—1 n
_ i _ i L i
n_lrgfgml—ozi’ O"_Z ai|’ ﬁz—.z Qi
j=1 Jj=t+1
. . : D
e Método de Jacobi modificado (M =—, welkR)\ {O}):
w

D
e Método de Gauss-Seidel modificado ou SOR (M = + L, weR\ {0}):

a2 ) = (1 —w)a® +wD™! (b— Lo+ — UZB(k)) , k=0,1,...



4. Resolugao de Sistemas Nao-lineares (f : R* — R")

Método do ponto fixo (f(2) =0 < z = g(2)):

(lg(z) —g(y)| < Lz —y|, Ve,ye DCR*, L<1; g(D)CD)

(secio) L=swla )

2 = g(:p(m)), m=0,1,...
Iz — 2D < Lz = 2™, Iz — 2| < L™z — 2|
2 = 2™ < 7= Llll’(m“) =M, ]z =2t < ﬁﬂl’(mﬂ) |

m

m L
Iz = o) < T2 [l — 2]

Método de Newton generalizado (f(z) =0, f € C*(D), det[Js(z)] # 0):

{ m=0,1,...
Jr(atm) Azt = — f(am),

1 m
2 =2tV < Kz =2t e =2 < 2 (K2 = 2O’

— =8 Je(x ’1,
w, | 57 = sl

M My = e sup [ Hy, ()], H,,

1<i<n z€D ¢

K= P f;

€LY W)= o

5. Interpolagao Polinomial

Formula interpoladora de Lagrange:

(x) = Z fi 1), i) = ‘ H :IZ_—Z”ZZ

Formula interpoladora de Newton:

pn(a:):f[xo]—i—Zf[xo,..., Hx—xl xo,...,a:j]:ZL

flro,z1, ..., 2] = flos, 2, 2] _f[xo’xl""’a:j*ﬂ, Jj=2,3,...

f[Il] - f[xo]

T1 — o

f[x(b xl] =




Formula do erro:

F0(E)

a (n+1)! Woti(z) = flzo, ..., 2o, 2] Wy (2)

Wit (2) IH(HT—%), € € int(zg, ..., Ty, x)

6. Teoria da Aproximacao

Melhor aproximacao uniforme ¢* de f € E em F C E, F subespaco de dimensao n, F =
C(la, b)), espago normado com a norma uniforme:

If = ¢lloe = L [If = dlloc & 3 @0 <21 <-o- <o em [a,] tais que
€

f(xz)—gb*(xz) = (_1)i53 1=0,...,n, |5| = ||f_¢*||00

Melhor aproximacao minimos quadrados ¢* de f € E em F' C E, F subespaco de dimen-
sao n gerado por {¢o, ..., vn}, F espago pré-Hilbertiano:

\|f—¢*||2=;g£\|f—¢l|2 & (f-9"¢)=0, VoeF

O =D aipr 0= (M), (fo0): MelL", My=(g; ¢k
k=0 =0
- (f,on)
oF = Z A, ap = Pk , se {©o,...,¢n} €éum sistema ortogonal
k=0 <30k7 90]4>

Polinémios ortogonais com respeito ao produto interno

b
{f,9) = / w(x) f(x)g(x)dz, (f,9 € Cla,b]), weCa,b]), w(z)=0)

e Formula de recorréncia:

{ Onr1(2) = (x — Buy1)@n(x) — Cri1n-1(2), n=12...
wo(z) =1, ¢1(r) =1 — By
By = \WomPnd 4 oy = o)
<(Pn790n> <90n71790n71>
e Polinémios de Legendre, P, (x € [a,b] =[-1,1], w(z)=1):
2n+1 n
Py (z) = P, (x) — Py (), 1,2,
+1(z) 1 ” (z) e 1(2) n

Py(z) =1, P(z)==x



(-1)" &

_ _ 2\n _
P,(x) = Sl o [(1—=2®)"], n=1,...
2
Pn7Pm =Y, 5 Pn7pn = 5 1 = 717"'
( ) =0, VYn#m ( ) mil " 0

e Polinémios de Chebyshev, T, (z € [a,b] = [-1,1], w(z) =1/V1— 2?):

Toi1(x) = 22T, (x) — T -1 (), n=12...
To(x) =1, Ti(x) ==
T, (z) = cos(n arccos x), n=0,1,...

(T, T) =0, Vn#m,  (Tp,Ty) =, <njm:g,n:Lz“.

T, (z;) =0, x; = Cos ———, i=0,...,n—1, n=12,...

7. Integracao

Férmulas de Newton-Cotes fechadas de ordem n (f € C([a,b])):

1<f>:/a
I

b n
fl@yde ~ L(f) =Y winf(zn)
j=0
k

w(2F) = I(2"), k=0,1,...,n

Tim=a+jh, j=0,1,....n, h:b;“
h(=1)"=7 [ :
Wjn = [(lj,n) = m/{)‘ Z:](;[;éj(t - Z) dt, Wjn = Wn—jn
Eo(f) = I(f) = L(f) = Cuh™ 7 fr0 (€)

1 " v— - . _ 1 n
Cn_m/(;t lg(t—l)dt, V—1+§[1+(—1)], 66(@,[))
en=1 h=0b—a (Regra dos trapézios):

b—a h3 .,
L =@+ 0] B = -1, ce b
en=2 h= b—Ta (Regra de Simpson):
b— b h®
L= "5 @+ ar (1) 50 B =550
en=23, h= b—Ta (Regra dos trés oitavos):

b—a 30°

I3(f) = [f(a) +3f(a+h) +3f(b—h)+ fO)], Es(f) =——=/7(&)

8



en=4 h= Ta (Regra de Milne):

Li(f) = b—a 7f(a)+32f(a+h)+12f (a—;—b) +32f(b—h)+7f(b)
8h”
()= -5 f), €€ (@)
en=>5 h= b ; a
I;(f) = b288 [19f(a) + 75f(a+ h) + 50f(a + 2h) + 50f(b — 2h) + 75f(b — h) + 19f(b)]
275h7
en =20, h= b—Ta (Regra de Weddle):
I(f) = b840 41f(a) + 216 (a + ) + 27 f(a + 2h) + 272 (“‘2”’)
+27f(b—2h) +216f(b — h) +41f(b)]
_ I
Bo(f) = 1y /O, €€ @)
Férmulas de Newton-Cotes abertas de ordem n:
b n
:/ f(x)de = )= winf(Tjn
a =0
w(2F) = I(2"), k=0,1,...,n
Tjin=a+G+1h, j5=01,....,n, h:z;(;
wm = U}j7 = Wn jn
- = Ozyé]
Eo(f) = I(f) = Lo(f) = Cuh" T f ) (¢)
C —;/nﬂt”‘lﬁ(t—i)dt v+ s[4 (=1)7, €€ (ab)

" n4uv) ) P ’ B 2 ’ ’
oen=0,h= b—Ta (Regra do ponto médio):

Wn=0-07(“30). EN=31O. <)



en=1 h= 3
L =" m+ro-nl EO="p0, e
en=2 h= b ; a
B ="5" [erta w1 (S5F) + 200~ 1)]
B =000, g (ot

Foérmulas de Newton-Cotes fechadas compostas:

. . b_a
$J:a+th7 ]:0717"‘7M7 hM:T’ fj:f(xj)

oen =1:

M(f) =

M-1
f0+fM+22fj]

E§M><f>=—b12 WO Ee (o)

M/2 M/2—-1
L"(f) = [fo+fM+4Zf2] +2 ) fgjl

7=1 7=1

_b—
BP0 = = VO, €€ (ad)
e n =3 (M miltiplo de 3):

M/3-1 M/3

I?EM)(f) 3hM [fo+fM+2 Z f3;+3z f3i—1+ f5— 2)]

b—a
80

B = -

Mf(4)(€)a 5 S (CL, b)
e n =4 (M multiplo de 4):

M/4-1 M/4 M4
14(M)(f)—4hM [ (fo+ fu) + 14 Z f4y+322 (fag—1+ faj-3 +122f41 ]

2(b

2029 1o 10e), e (ab)

BN = -5



11

e n=>5 (M multiplo de 5):

M/5-1

h
]5(M)(f>: 52?]\‘5 19 (fo + fu) +38 Z /5
=1

M/5 M/5

+75 Z (fsj—1 + f5j—a) + 50 Z (fsj—2+ f5;-3)
P =1

95(b —
() = 20D g 10, e (ab)
en =06 (M miultiplo de 6):
L M/6-1 M/6
M) = g]\é 41 (fo + far) + 82 Z fej + 2162 (foj—1 + foj—5)
M/6 - M/é:1
+27 Z (foj—2 + foj—a) + 272 Z Joj—3
j=1 j=1
3(b—
() = 20 g 0, ee o

Formulas de Newton-Cotes abertas compostas:

. . b—a
r;=a+ jhy, j=0,1,..., M, hyr = 7 fi = f(z;)
e Regra do ponto médio composta (M par):
il b—a)h2,

() =2k Y for, ESV(f) = (b— a)hiy
j=1

Formulas de Gauss:

b n
10 = [w@f@de = 5L(H)= Y waf)

I,(z%) = I(2%), k=0,1,....2n+1

Zjn, Jj=0,1,...,n: zeros do polinémio ®,;; de grau n + 1 per-
tencente ao sistema {®g, @1, ...} de polinémios ménicos ortogonais
com respeito ao produto interno (f,g) = I(fg).

_ <(I)n+17 q)n+1>
Dy (Tjn) Prya(Tjn) ’

b1,
Bpfemtljonng, e fan

e Férmulas de Gauss-Legendre ([a,b] = [—1,1], w(z) =1):

7=0,1,...,n

En(f) =



12

Zjn, J=0,1,...,n: zeros do polinémio de Legendre P,

2
(n + 2>P/L+1($j,n)Pn+2(xj,n)’

2203 [(n 4+ 1)1)*
(2n + 3)[(2n +2)!]

oe Io(f) =2f(0)
w1 () (%)

B(f) = of (— %) bSO+ f <\/§>

oo I3(f) =wosf(xo3) +wisf(r13) +wasf(re3) +wssf(rss)

i, \/E - i, \/6 B
To3 = 7 5]~ xr33, T13= 7 5] 7 Z2.3
1 ) 1 5)
Wos = & (3 - \/%) =Wz, Wiz =g <3 + 6) = wWy3

e Férmulas de Gauss-Chebyshev ([a,b] = [—1,1], w(z)=1/V1—2?):

Wiy = — 7=0,1,...,n

En(f) =

S FED©), g€ (ab)

o

T, = COS 2j+17r Wiy = T 7=0,1,...,n
» n+2° )7 1 Ty
™ mn
En(f) = 22n+1(2n + 2)' f(2 +2)(€)7 £ < <a7 b)

e Formulas de Gauss-Legendre compostas:

b i M
h m
1= [t~ 1000 =", S g (o40)
a 7=0 m=1
. h b—a
x;n)Za—i—hM(m_l)‘i‘TM(%}n‘i‘l): ha = M

_b-a <h_M)2”+2 ( 22143 (4 1)1]*

2 T3 @, fe (@)

9. Resolucao de Equagoes Diferenciais Ordinarias: Problemas de Valor Inicial

{ y'(v) = f(z,y(r))
y(zo) = Yo

f:DcRVFM L RM D aberto, MeZ*



fec),  |flwy) = flz,2)| < Lly -z, Y(z,y) (r,2) €D
(l‘o,Yo) - D

Métodos de passo simples:

Yn+1 = yn—f_hgo(xnvynah)
x, = xo + nh, n=20,1,...,N, N eZ*

¢ : Dx]0, 00[— RM, ¢ € C(Dx]0,00[)
‘@(I,y, h‘) - 90<'T727h)‘ < K’y - Z|, V(l’,y, h)7 (LE,Z; h) € DX]0,00[

e Erro de discretizacao local:

r(eyih) = 2 V(o 4+ B) = Y@ - oo yh), V() =y

e Frro de discretizacao global:

I () — B < XY (a0) — ()] + ) [etonso) 1]
r(h) = max |7z, Y (ea);h)]

e Método de Euler:
Yn+1 = Yn + hf<~rn7 yn)

(o, h) = 2(DF)(x,y) + OR)

1) = (5 + 1) 9, ) S

e Métodos de Taylor de ordem p:
hi
(7+1)!

p—1
Yn+1 :yn+hz (Djf) (xnayn)
7=0

7(x,y;h) = CESH (D?f)(z,y) + O(hP*)

e Métodos de Runge-Kutta de ordem 2:

ol yih) = (1— ) f(ey) + 7] ( bty i y>)

7(x,y;h) = %2 {D2f(w, y) =3 a—}g(af,y; 0)} +O(h?)

oe Método de Euler modificado ou do ponto médio (y = 1):

2

h h
Ynt+1 = Yn + hf <xn + ann + § f(xnayn)>

13



3
oe Método de Runge-Kutta cléssico de ordem 2 (7 = Z)

h 2h 2h
Yn+1 = Yn + Z |:f(xn7yn) + 3f (xn + ?a Yn + ? f(xmyn)):|

1
oe Método de Heun (7 = 5)

h
Yot = Ynt 5 Lf (@, yn) + f (@0 + 1y Y+ B (20, 90))]

e Métodos de Runge-Kutta de ordem 3:
3
p(x,y;h) =Y ez, y; )
j=1
pr(z,yih) = flz,y)

j—1
i(w,y;h) = f <$+%h,y+h25ﬁ%(w,y;h)>, j=2,3
=1

3

h 0
m(x,y;h) = 2 [D?’f(% y) — 4 a—hf(x, Y; 0)} + O(n")

oe Método de Runge-Kutta classico de ordem 3

3

h
Ynt1 = Yn + 3 [01 + 42 + 3]

h h
01 = f(Zn,Yn), 902=f(xn+§,yn+§<p1)
w3 = f(xn + h,yn — b1 + 2he2)

oe Método de Runge-Kutta-Nystrom de ordem 3

h
YUnt1 = Yn + = [2001 + 32 + 3¢3]

8
2h 2h
01 = f(Zn,Yn), 2= f <$n+§7yn+§¢1>
Y
Y3 = Ty 3 y Yn 3 P2

oe Método de Heun de ordem 3

h
Yntl = Yn + 1 [01 + 3¢s]

h h
¥1 :f(xnayn)a ‘;02:f($n+§7yn+§901)
2h 2h )

903:f(xn+?7yn+?§02

14



e Métodos de Runge-Kutta de ordem 4:
p(x,y; h Z%% z,y;h

Qpl(xay; h) = f(xay)

i=1

j—1
pj(x,y;h) = f (x +oajhy+hY B, y; h)) : j=2,3,4,5

ht o
o) = g [0 @) =5 55 )| + Ok

oe Método de Runge-Kutta classico de ordem 4:

h
Yn+1 = Yn + 5 [01 + 202 + 203 + @4]

h h
o1 = f(Tn,Yn), 902=f($n+§7yn+5801)

h h
(P3:f<xn+§ayn+§@2>a 904:f(xn+hyyn+h903)

oe Método de Runge-Kutta-Gill de ordem 4:

h
Yn+1 = Yn + 5 [@1 + (2 - \/§)<P2 +(2+ \/§)<P3 + 904}

h h
01 = f(Zn,Yn), 902:f($n+§7yn+§<ﬂl)

h V2-—1 2 -2
©¥3 :f <$n+§7?/n+ 9 hgpl‘*’ 9 h"p2>

V2 2++2
904=f<xn+h,yn—7hsoz+ 5 hes

oe Método de Runge-Kutta-Fehlberg de ordem 4:
25 1408 2197 1 ]

n n h - =
Yokl = Yo {216 AR TTAC RIS AG

h h
01 = f(Zn,Yn), wzzf(wwrz,ywrz%)

— f(zat 2 +3h L
Y3 = Tn, 8>yn 39 ®1 32 ©2

(e f2n 192 T00, 706,
A=\ I T g e T 5197 ML T 5197 MP2 T 5197 1P
439 3680 845

= w4y yn + — hpy — 8h T hpy — ——
©s f(x+ Yn + 516 1P 8902+513 Y3~ o4

)
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Métodos multipasso lineares com p + 1 passos, p > 0:

Yni1 = Zakyn k+hzbkf TooksYnok) M=
k=-1

|ap| +[bp| # 0
X, = To + nh, n=0,1,..., N, NeZ"

e Erro de discretizacao local:

1
T([L’, Y; h) = 7

; Y(z+h)— Zaka—kh

- Z bof(x — kb, Y (z — kh)),  Y(z)=vy

k=-1

e Condigoes de consisténcia (¢ > 1: ordem de consisténcia, f € C7(D)):

=1: 00:0, 01:0, 027&0
q=>2: Co=0, Ci=0Cy=---=C,=0, Cg1 #0

00—1—2% le1+2kak— Zbk,

k=—1
€= 1= Y W Y W =23
k=0 k=—1
hd
7(z,y;h) = Cor1(D7f)(x,y) + O(hTH)

(g+ 1)

e Condicao da raiz:

p
r)=rPtl — Zakrp k Hr—rj)
7=0
i) |rjl <1, 7=0,1,....p; (ii) |l =1=p'(r;) #0

e Métodos de Adams-Bashforth (f,, := f(zm,ym)):

p
Yn+1 :yn+hzbkfn—ka nZP
k=0

Yn+1 = [3fn fn—l]

5h2
12

ce p=1, ¢=2

T(@,y;h) = — (D*f)(@,y) + O(h?)

16



17

h
Ynt1 = Yn + E [23fn - 16fn—1 + 5fn—2]

3n8

| 7@ yh) = - (D)) (@, y) + O(RY)

oe p=2, q=3

h
Yn+1 = Yn + ﬁ [55fn — 59fn71 + 37fn,2 — 9fn,3},

251h*
\ T(x7y’ ) 720

ce p=3, ¢=4

(D*f)(@,y) + O(h?)

h
Ynt+1 = Yn + 720 [1901f, — 2774 f,—1 + 2616 f,,_
ce p=4, ¢=>5: —1274f, 3 + 251 f,,_4),

5
| 7y ) = o (D) 9) + ()

e Métodos de Adams-Moulton (f,, := f(Zm, Ym)):

P
Ynt1 = Yo+ h Z b fr—k, n=p
k=-1

,

h
Yn+1 = Yn + 5 [fn-i—l + fn]

oce p=0, ¢q=2 2
| (@ y:h) = =5 (D°f)(x,y) + O(R?)

h
Yntl = Yn + E [5fn+1 + an - fnfl]

| 7y ) =~ (D)) + O

oe p=1, ¢=3:

h
Yn+1 = Yn + ﬂ [9fn+1 + 19fn - 5fn—l + fn—2]

19h4
\ T(‘/L‘7y7 ) 720

oce p=2, q=4
(D*f)(z,y) + O(h°)

h
Ynt1 = Yn + ﬁo [251fn+1 + 646 f,, — 264 f, 1

oce p=3, ¢q=05: +106 f,,—2 — 19f,,_3]

| () = =T (D)) + O)




