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Opakovani

Metody Taylorova rozvoje

1 1
y(x+h) = y(X)+hy’(X)+§h2y”(X)+- : -+mh”y(")(X)+0(h"“)

y'(x) = f(x, y(x))
y"'(x) = £(x, y(x)

y(x)) + 1,(x, y (X)) (x, y(x))
y///( ) f;<x+2f;<yf

+hy 2 4 B f, + £2F
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Metody Rungeho—-Kutty (explicitni)

Explicitni metoda Rungeho—Kutty stupné s:

Yiy1 = Yi + h(biky + boky + - - - + bsks)

ki
ko
k3

f(Xiayi)
f(X,' + Czh,y,' —+ h221k1)
f(xi + csh,y; + h(asiky + anks))

s—1
f(X,' -+ Csh,_y,' -+ h E asjkj)
j=t
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Butcherovy tabulky

G | an
C3 | @31 as
Cs | ds1 ds2 ... dss—1
by b ... bs_1 b
Podminky radu (/te; = O(hP*1)):
p=1>b=1
j=1

j=2

N|—=

Jj=1

s s j—1
p = 3: predchozi + Zzbjcjz =1, Z Z ;ajC =
j: J: :
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j-1
Dalsi podminka: ¢; = ) aj — splauji vSechny pouzivané
=1
metody

Vztah mezi stupnem a radem metody
p(s): maximalni dossazitelny fad pro metodu stupné s

p(s) = s, s=1,...,4
p(5) = 4

p(6) = 5

p(7) = 6

p(8) = 6

p(9) =7

p(s) < s—2, s>10
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Priklady explicitnich metod R-K

Metody druhého radu

Modifikovana EM (midpoint EM) Heunova metoda

1/2 | 1/2 1] 1
0 1 | 1/2 1/2
Ralstonova m. 2. fadu Obecna m. 2. fadu (ab = 1/2)
2/3|2/3 al a
| 1/4 3/4 |1-b b
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Priklady explicitnich metod R-K

Metody vyssich radd

Ralstonova m. 3. rfadu Klasickd m. R-K
12| 1/2 72l 1
3/4| 0 3/4

1] 0 0 1
|1/6 1/3 1/3 1/6

2/9 1/3 4/9
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Stabilita explicitnich metod R-K

Testovaci aloha vede na rovnici y; 1 = Ps(z)y; pro hA = z,
P; je polynom stupné s.

Podminka stability: |Ps(z)| < 1,
oblast stability Q = {z € C;|Ps(z)| < 1}
P
Prop=s<4jePz)=>] j—f proto jsou oblasti stability pro
j=0
metody stejného stupné stejné.

Intervaly stability:
s| 1 2 3 4

[(=2,0) (-2,0) (-2.51,0) (-2.79,0)

Priklad: (Castecné ve cviceni)
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Implicitni metody Rungeho—Kutty

ki=f(x+ahy+hy ak), [=1....s

Jj=1

— systém nelinearnich rovnic pro ki, ..., ks v kazdém kroku.

Butcherovy tabulky

G | 411 d12 ... dis
Cy | dp1 dpp ... s
Cs | ds1 ds2 C ds.s

by by ... b

Podminky fadu jsou stejné jako pro explicitni metody.
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Semi-implicitni metody Rungeho—Kutty

/
ki=f(x+ahyi+h) ak), [=1,...s

j=1
— jedna nelinearni rovnice pro k; v I-tém kazdém kroku.
Butcherovy tabulky

| 91

C2 | d1 ax

Cs ds1 ds2 e ds.s

by by ... b
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Priklad — Rozsirena lichobéznikova metoda (TRX2):

y (Xi+1)

Yit+1
Yit1/2

Yi+1

Xi+1

yi + / f(t,y(t))dt

h
Vit gl O yi) + 2 (X 2, Vivaj2) + F(xivn, yia)]

h
yi+ gl G yi) + £ (X2, Yiva2))

h
Yitv1/2 + Z[f(xi+1/2’y"+1/2) + O i)
f(Xia.yi)
1 1
f(x; + Eha)/i + Zh(kl + k2))
1

f(xi+h,yi + Zh(kl +2k: + k3))
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Butcherova tabulka

= NI= O

BRI D= A= O
NI N[= D=

Bl D=

Stabilita metody

ve cviceni
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Rizeni délky kroku

Ménime krok h = h; tak, aby lokalni chyba /e; byla zhruba
porad stejné velka.

Strategie EPS (error per step): ||lei]| < e

Strategie EPUS (error per unit step): ||le;|| < hie
Odhad lokalni chyby — metoda polovicniho kroku

z y; urCime pribliznou hodnotu reseni y;,1 s krokem h, pak
urcime pfibliznou hodnotu y;,; se dvéma polovic¢nimi kroky
h/2.

Porovnanim y;.1 a y;y1 ziskdme odhad lokalni chyby.
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