[Metoda Siti
|:pro diferenciélni rovnici 2. fadu

y"=f(x,y.y’)
a okrajové podminky alyl(a) + 1 y2(a) = y1, a2 y1(b) + B2 y2(b) = y2

Vypocet nelinearnich rovnic je feSen metodou postupnych iteraci

DESitel :=proc(n, f, a, b, alfal, alfa2, betal, beta2, gamal, gama2, eps, y0, maxit)
localh, s, 1, ], alfa, d1, d2, d3, p, q, F, y1, beta, x, y2, yp;
h:=-evalf ((b-a)/n);

s :== 999999909;
alfa:=1/(h*h);
beta:=1/(2*h);
p := 1/ (alfal-betal* 3*beta);
q = 1/ (alfa2-beta2* 3 * beta);
yp :== [seq(0,i=1.n+1)];
= [seq(a+ (i-1)*h,i=1..n+1)];
dl := [seq(alfa,i=1..n-1)];
d2 := [seq(-2*alfa,i=1..n-1)];
d3 = [seq(alfa, i=1.n-1)];

di[1]:=0;

d2[1] :=d2[1]-4*alfa*p*beta* betal,

d3[1]:=d3[1] + alfa*p* beta* betal,;
di[n-1]:=d1l[n-1]-alfa*q™*beta* beta2;

d2[n-1]:=d2[n-1] 4+ 4 *alfa* q*beta* betaz;

d3[n-1]:=0;

yl:= [seq(yO[i],i=1.n+1)];

y1[1] := (gamal-4*betal*beta*yl[2] + betal*beta*y1[3]) *p;

ylin+1]:= (gama2+4*beta2*beta*y1[ ]-beta2* beta*yl{n-1]) *q;
print(“iterace =", 0);
print("y =", y1);
j=0;
while s > epsand j < maxitdo
F:= [seq( f(x[i+1],yl[i+ 1], beta* (y1[i+2]-y1[i])),i=1.n-1)7;
F[1]:= F[1]-alfa*p*gamal,
F[n-1]:= F[n-1]-alfa* q*gamaz;
# vypocet j +1 iterace y metodou postupnych iteraci
y2 = TriDiagonalSolve(n-1, d1, d2, d3, F);
forifrom2tondo
ypli] = y2[i-17];
end do;
# vypocet krajnich hodnot j +1 profilu
yp[1l] := (gamal-4*betal*beta*yp[2] + betal* beta*yp[3]) *p;
yp[n+1]:= (gama2 + 4 * beta2* beta* yp[n]-beta2* beta*yp[n-1]) *q;
unassign('i');
s:=sqrt(sum((yp[i]l-y1[i])"2,i=1.n+1)/sum((yl[i])"2,i=1.n+1));
forifrom1lton+1do

y1[i] == yp[i];
end do;
j=]+1

print("iterace=",j," s=",s);




print("y =", y1);
end do;
if j > maxit then print("Vycerpdn maximalni poCet iteraci, poCet iteraci =", j); end if;
RETURN ([seq([x[i], yi[i]],i=1.n+1)]);
end proc:
TriDiagonalSolve :=proc(n, a, d, b, f)
local b1, f1, x, pom, i;
bl := [seq(0,i=1..n)];
fl:= [seq(0,i=1..n)];
X := [seq(0,i=1..n)];
bl[1]:=Db[1]/d[1];
fi[1]:=f[1]/d[1];
forifrom2ton-1do
pom := (d[i]-a[i]*bl[i-1]);
b1[i] := b[i]/pom;
fili] == (f[i]-ali]*fl[i-1])/pom,

end do;
fi[n]:= (f[n]-a[n]*fl[n-1])/(d[n]-a[n]*bl[n-1]);
x[n]:=fl[n];

forifromn-1by -1toldo

X[i] == fi[i]-b1[i]*x[i +1];
end do;
RETURN (X);

| end:

vypocet nelinearnich rovnic Newtonovou metodou

DESite2 :=proc(n, f, a, b, alfal, alfa2, betal, beta2, gamal, gama2, eps, y0, maxit)
localh, s, 1, ], alfa, d1, dn, dd1, dd2, dd3, d21, d31, d1n, d2n, p, q, F, y1, beta, x, dy, yp, df2,
df3;
df2 := D[2](f);
df3 :=D[3](f);
h :=evalf ((b-a)/n);
s :== 999999909;
alfa:=1/(h*h);
beta:=1/(2*h);
p := 1/ (alfal-betal* 3*beta);
q = 1/ (alfa2-beta2* 3* beta);
yp == [seq(0,i=1.n+1)];
X:=[seq(a+ (i-1)*h,i=1.n+1)];

ddl := [seq(0,i=1..n-1);

dd2 := [seq(0,i=1..n-1)7];

dd3 := [seq(0,i=1..n-1)7;

d21 :=-2*alfa-4*alfa* p * beta* betal,
d31 := alfa 4 alfa* p * beta* betal;

din := alfa-alfa* g * beta* beta2;

d2n :=-2*alfa + 4 *alfa* g * beta* beta2;

dl := p *beta* betal,

dn := g *beta* beta2;

yl := [seq(yO[i],i=1.n+1)];

y1[1] = (gamal-4*betal*beta*yl[2] + betal*beta*yl[3]) *p;



yl[n+1]:= (gama2 + 4 *beta2*beta*yl[n]-beta2*beta*yl{n-1]) *q;
print("iterace =", 0);
print("y =", y1);
1:=0
# Newtonova metoda
while s > epsand j < maxitdo
F :=-[seq(alfa*yl[i]-2*alfa*yl[i+1]+alfa*yl[i+2]-f(x[i+ 1], yl[i+ 1], beta
*(yl[i+2]-y1[i])),i=1.n-1)7];
forifrom2ton-2do

ddl[i] := alfa-df3(x[i + 1], y1[i 4+ 1], beta* (y1[i +2]-y1[i])) * ( -beta);
dd2[i] :==-2*alfa-df2(x[i+ 1], y1[i + 1], beta* (y1[i +2]—y1[| ));
dd3[i] := alfa-df3(x[i + 1], y1[i + 1], beta* (y1[i +2]-y1[i])) * (beta);
end do;
ddi[1] = 0;
dd2[1] := d21-df2(x[i], y1[i], beta* (y1[i+1]-y1[i-1]))-df3(x[i], y1[i], beta* (y1[i

[1
+1]-y1[i-1])) *4*d1*bety;
dd3[ ] := d31-df3(x[i], y1[i], beta* (y1[i +1]-y1[i-1]))* (1-d1) * beta;
ddi[n-1]:= dln +df3(x[i], y1[i], beta* (y1[i +1]-y1[i-1]))* (1 +dn) * (beta);
dd2[n-1] = d2n-df2(x[i], y1[i], beta* (y1[i +11-y1[i-1]))-df3(x[i], y1[i], beta
*(ylli +1]-y1[i-1])) *4*dn™> (beta);

dd3[n-1]:=0;

# feSeni soustavy linearnich rovnic

dy := TriDiagonalSolve(n-1, dd1, dd2, dd3, F);

for ifrom2tondo

ypli] = y1[i] +dy[i-1];

end do;

# vypocet krajnich hodnot j +1 profilu

yp[1l] := (gamal-4*betal*beta*yp[2] + betal*beta*yp[3]) *p;

yp[n + 1] := (gama2 + 4 * beta2 * beta* yp[n]-beta2* beta*yp[n-11]) *q;

unassign('i');

s:=sqrt(sum((yp[i]-y1l[i])"2,i=1.n+1)/sum((yl[i])"2,i=1.n+1));

forifrom1ton+ 1do

yl[i] == ypli];

end do;

=i+

print(“iterace =",j," s=",s);

print("y =", y1);
end do;
if j > maxit then print("Vycerpan maximalni pocet iteraci, pocet iteraci =", j); end if;
RETURN ([seq([x[i], Yi[i]], i=1.n+1)]);
end proc:

V¥ Priklad 1 (vyuZiti postupnych aproximaci)
y'=y, y(0)=1 y(1)=1

> f = (xy,dy) —>V;
fi=(xy,dy)—y (1.1)




beta2 :=0:

"iterace=",5,"

"iterace =", 6, "

11

| >
| > # Graf funkce y(x)
> plot(v) ;

gamal :=1:
gama2 := 1;
eps := 0.00001:
n:=5:
y0 :=evalf ([seq(1.0,i=1.n+1)]):
i gama2:=1
> vi= DESitel(n, f, a, b, alfal, alfa2, betal, beta2, gamal, gama2, eps, y0, 15);
"iterace =", 0
"yv="11.,10,1.0,1.0,1.0,1.]
"iterace=",1," s=",0.08326663991
"y =", [1.,0.9200000000, 0.8800000001, 0.8800000002, 0.9200000000, 1.]
"iterace=",2," s=",0.009323909467
"y =", [1.,0.9280000001, 0.8928000002, 0.8928000002, 0.9280000000, 1.]
"iterace =", 3," s=",0.0009694934279
"y =" [1.,0.9271680001, 0.8914560002, 0.8914560002, 0.9271680000, 1. ]
“iterace=",4," s=",0.0001016019537

"y =", [1.,0.9272550400, 0.8915968001, 0.8915968002, 0.9272550400, 1.]

s=",0.00001063907251

"y =", [1.,0.9272459264, 0.8915820545, 0.8915820546, 0.9272459264, 1. ]

s=",0.000001114161703

"y =", [1.,0.9272468808, 0.8915835987, 0.8915835988, 0.9272468808, 1. |
v:=[[0, 1.], [0.2000000000, 0.9272468808 ], [ 0.4000000000, 0.8915835987 ],
[0.6000000000, 0.8915835988], [0.8000000000, 0.9272468808], [1.000000000,

(1.2)

(1.3)



1.001

0.98 1

0.96 1

0.94

0.92 1

0.90

[> res:=dsolve ({diff (y(x),x$2)=y(x),y(0)=1,y(1)=1},y(x));

-1 X -X
res:=y(x) =- (e %1) ° 4 ( 1+e_)1e
e—e e—e

(1.4)

> plot(rhs(res) ,x=0..1);




1.001

0.98

0.96 -

0.94

0.92

0.90

(> # Tabulka hodnot funkce yl (x)
[> linalg[matrix] (v);

0. 1.
0.2000000000 0.9272468808
0.4000000000 0.8915835987

(1.5)
0.6000000000 0.8915835988
0.8000000000 0.9272468808
1.000000000 1.
V¥ Priklad 1 (vyuZiti Newtonovy metody)
y'=y, y(0)=1 y(1)=1
> f=(xy, dy) —y;
| fi=(xy, dy) =y (2.1)
>a:==0:
b:=1:
alfal .= 1:
alfa2z .= 1:
betal :=0:




beta2 :=0:

gamal := 1:
gama2 := 1;
eps := 0.00001 :
n:=>5:

y0 :=evalf ([seq(1.0,i=1.n+1)]):

gama2:=1 (2.2)

> vi= DESite2(n, f, a, b, alfal, alfa2, betal, beta2, gamal, gama2, eps, y0, 15);
"iterace =", 0

"y="11,10,1.0,1.0,10,1.]
“"iterace=",1," s=" 0.07538164533
"y =" [1.,0.9272467903, 0.8915834522, 0.8915834522, 0.9272467903, 1.]

“iterace =", 2," s=",2.455000810 10°1°
"y =" [1., 0.9272467903, 0.8915834526, 0.8915834526, 0.9272467903, 1.]
v:=[[0., 1.1, [0.2000000000, 0.9272467903 ], [ 0.4000000000, 0.8915834526 ], (2.3)
[0.6000000000, 0.89158345261, [ 0.8000000000, 0.9272467903 ], [ 1.000000000,

1.1]

(> # Graf funkce y (x)
> plot(v) ;

1.001
0.98 1
0.96 1
0.94
0.92

0.90




> res:=dsolve ({diff (y(x) ,x$2)=y(x) ,y(0)=1,y(1)=1},y(x));

-1 X _ -X
res:=y() =& L)€ [-ltere (2.4)
| e—e e—e
> plot(rhs(res) ,x=0..1);
1.00
0.98-
0.96-
0.941
0.92
0.90-
0 0.2 0.4 0.6 0.8 1
X
[> # Tabulka hodnot funkce yl (x)
[> linalg[matrix] (v);
0. 1.
0.2000000000 0.9272467903
0.4000000000 0.8915834526
(2.5)

0.6000000000 0.8915834526
0.8000000000 0.9272467903
1.000000000 1.




