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Reseni soustavy linearnich rovnic

Jacobiho metoda



Co delat, kdyz pocitac linearni soustavu
rovnic neni schopen vyresit v realném case!

ResSime-li soustavy linearnich rovnic na pocitaci a
pouzivame Gaussovu eliminaci, pak se vzrustajicim
poctem rovnic a neznamych, rostou ¢asy vypoctu a pri
urcitych poctech neznamych (asi 20) a rovnic jsou casy
vypoctu jiz nerealné.

V takovych pripadech pouzivame metody, jejichz vypocty
jsou podstatné rychlejsi (probihaji v realnych casech).
Resi tyto soustavy rovnic metodami postupného
priblizovani se k presnému reseni.

Vytvarime tak posloupnost aproximaci (pribliznych
reseni), jejiz limitou je presné reSeni X; dané soustavy
rovnic.



Budeme resit soustavu rovnic:

11x + 2y + z = 15
X +10y +2z = 16
2X + 3y - 8z 1

Pro jednoduchost si vzali jen 3 rovnice o 3 neznamych a ukaZeme si na nich
princip feSeni n - rovnic o0 n - neznamych, kde napi. n>20, které jiz nelze reSit
Gaussovou eliminaci.



Postupné priblizovani se, k stale presnéjsimu reseni

X = (15 -2y-z)/11 Nejprve zvolime hodnotu nulové aproximace rovnou 0.
y = (16-x-22)/10 xO=0;y®O=0;z0=0
z = (-1+2x+3y)/8 Prvni aproximaci jiZ vypoéteme z nulové aproximace.

Z hodnot aproximace x©, y©, z© yypoéitavame nasledujici hodnoty aproximaci x®, y®, z(1),
Z hodnot aproximace x®, y®, z(D yypoéitavame nasledujici hodnoty aproximaci x®,y®, z(2)
atd.

X0 =0 xM=(15- 2yO - z)/11 x@=(15- 2y® - zO)/11

yO=0 yD=(16 - x© - 2z()/10 y@=(16- x® -2z1)/10

70 =0 7(1) = (-1+ 2%x0) + 3y(0))/8 7(2) = (-1+ x(1) + 3y(1))/8
x®=(15- 2y@ - z(2)/11 x®=(15- 2y® - z(®)/11

y® = (16 - x@ - 2z2)/10 y® = (16 - x® -2z03)/10
z® = (-1 + 2x@ + 3y)/8 z® = (-1 + 2x® + 3y®)/8



Kdyz vezmeme obecny zapis soustavy 3 rovnic

* * %oy _
a;1 "Xy +a,%X;, + a,3%X3=h,
* * ¥ _
2,1 %X, + 8,,%X; + a,3X3=h,

37 %Xy +a3,X, + a33%X3=b,
Dostaneme pro vypocet aproximaci:
X, D= (b, - a,x,M - a;3xM)/ay,
X, = (b, - @y X, - ayx3W)/a,,
X6 = (b - @z X, - ag,X,W)/ag,



Pro n - rovnic o n - neznamych
* * * —_
a11 X1 + a12 xz + 313 X3 seccseccssoe aln*xn - b1
* * * —_
a21 X1 + azz xz + a23 X3 ssccsecsssee azn*xn - bZ

* * * =
a31 X1 + a32 XZ + a33 X3 sesssccccs e a3n*xn - b3

¥ * * —_
an]_ X1 + anz XZ + an3 X3 secccccccee ann*xn— b

n
x©=(0,0,0,0, .......... 0)
(k+1) aproximace i- té proménné: proi=1,2,3,4, ......n
H
(ktl) (k)
Xi T (b1 ﬂij X

1;j#i
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Jednoducha varianta programu na
Jacobiho metodu - Pascal

Program Jacobi;
uses crt;
const N=20;
var all,al?2,al3,a2l1,a22,a23,a31,a32,a33,b1,b2,b3,x,y,z,x2,y2,z2:real,
I:integer;
begin
read(all, al?2, al3, bl, a21, a22, a23, b2, a3l, a32, a33, b3);
x:=0.0; y:=0.0; z:=0.0;
fori:=1to N do
begin
x2:=(-al2*y-al3*z+b1l)/all;
y2:=(-a21*x-a23*z+b2)/a22;
z2.=(-a31*x-a32*y+b3)/a33;
X:=X2; VYy:=y2;, z.=z2;
writeln; write(x:4:5," '); write(y:4:5," "); write(z:4:5," '); delay(500);
end;
writeln; writeln; repeat until keypressed;
end.



Jednoducha varianta programu na
Jacobiho metodu, jiz lépe provedena - Pascal

Program Jacobi;
uses crt;
const N=50;
var a: array[1..3,1..3] of real;
b: array[1..3] of real;
x: array[1..3] of real;
xx: array[1..3] of real;
L,j,k,I,m,p:integer;
begin
clrscr;
writeln('Reseni 3 linearnich rovnic o 3 neznamych:');
fori:=1to3 do
for j:=1 to 3 do begin write('zadej a[',i,j,']:');readIn(ali,j]); end;
fori:=1to 3 do begin write('zadej b[',i,']:');readIn(b[i]); end ;
for i:=1 to 3 do x[i]:=0;
{ Chceme-li sami navolit pocet iteraci, zrusime konstantu, deklarujte promenou N.
write ('Zadej kolik iteraci chces provest:'); readin(N);}



fori:=1to N do
begin
for k:=1to 3 do
begin
xx[k]:=0;
for m:=1 to 3 do if k<>m then
xx[k]:= xx[k]+(-a[k,m]*x[m]);
xx[k]:= (xx[k]+b[k])/a[k,k];
end;
for p:=1 to 3 do x[p]:=xx[p];
writeln;
for I:=1 to 3 do write(' ',x[l]:4:5); writeln;
end;

writeln; writeln;
repeat until keypressed,;
end.



Pro hloubavé Jacobiho metoda pro m lin.rovnic
0 h neznamych - Pascal

Program Jacobi;
uses crt;
const MaxRadku=30;
const MaxSloupcu=30;
var a: array[1..MaxRadku,1..MaxSloupcu] of real;
b: array[1..MaxRadku] of real;
x: array[1..MaxSloupcu] of real;
xx: array[1..MaxSloupcu] of real;
Lj,k,1,9,p,M,N,Pocetlteraci:integer;
begin
clrscr;
writeln('Reseni M linearnich rovnic o N neznamych:');
write('Zadej pocet lin. rovnic:'); Readln(M);
write('Zadej pocet neznamych:'); Readin(N);
fori:=1to M do
for j:=1 to N do begin write('zadej a[',i,j,']:');readIn(a[i,jl); end;
fori:=1to M do begin write('zadej b[',i,']:");readIn(bli]); end ;



for i:=1 to N do x[i]:=0;
writeln;
write('Zadej pocet iteraci, ktere se maji provest pri vypoctu:');ReadIn(Pocetlteraci);

for i:=1 to Pocetlteraci do

begin

for k:=1to N do
begin
xx[k]:=0;
for q:=1 to N do if k<>q then

xx[k]:= xx[k]+(-a[k,aq]*x[q]);

xx[k]:= (xx[k]+b[k])/a[k,k];

end;
for p:=1to N do x[p]:=xx[p];
writeln;
for I:=1 to N do write(' ',x[l]:4:5); writeln;

end;

writeln; writeln;
repeat until keypressed,;
end.



/[ facobiho metoda Jacobiho metoda
#include <iostream>
#include <math.h> C++
#include <conio.h>
#define N 10
using namespace std;
double a[N][N]; //matice soustavy
double b[N]; //vektor pravych stran
double x[N]; //reseni rovnice
double xold[N]; //predchozi priblizeni
double delta,aii;
double eps=0.0001; //pripustna chyba
inti,j,k,n;
int main()
{ cti:cout << " Zadejte dimenzi soustavy - pocet rovnic ( do 10):\n"; //nacteni vstupu
cin >> n; if (n>N)
{cout << " Pozor, n nesmi byt vetsi nez N! N=10 Znovu zadavej!\n "; goto cti;}
cout << "Zadejte matici po radcich (leve strany):\n";
for(i=0;i<n;i++) for(j=0;j<n;j++)
cin >> a[il[j];



cout << "Zadejte prave strany rovnic:\n";
for(i=0;i<n;i++)
{
cin >> b[i];
}
// uprava
cout << "uprava\n";
for(i=0;i<n;i++)
{
aii=ali][i];
b[i]=b[il/aii;
for(j=0;j<n;j++)
{
a[illjl=alilljl/aii ;
}
x[i]=bli]; xold[i]=b[i];



// iteracni postup
cout << "iteracni postup\n";

do
{ delta=0; for(i=0;i<n;i++)
{ x[i]=bli]; for(j=0;j<n;j++)
{ if(i!=j) {x[il=x[i]-alil[j]*xold[j]; }
}
if (delta < fabs(x[i]-xold[i])) delta=fabs(x[i]-xold[i]);
xold[i]=x[il;
}
for(i=0;i<n;i++)
cout << "x" <<i <<"=" << x[i] << endI;
}
while (delta > eps);
// tisk vysledku

for(i=0;i<n;i++)
cout << "x" <<i <<"=" << x[i] << endI;
getch();
return 0;



Jacobiho metoda

// Metoda Jacobi pro hloubavé
//#include "stdafx.h"

#include <iostream>
#include <math.h>

C++

#include <conio.h>
using namespace std;
#define max 10
//const int max=10;
int main()
{ double s, s1, eps;
double a[max + 1][max + 1], b[max + 1], x[max + 1], y[max + 1];
intn,i,j;
cout << "Zadej pocet rovnic: " << endl; cin >> n;
cout << " Nacti matici soustavy (leve strany ): " << end|;
for (i=1;i<=n;i++) for(j=1;j<=n;j++)
{ cout << "a[" <<i<<j<<"]="; cin>> ali][j];
}

cout << end|;



cout << "Nacti prave strany rovnic: " << end|;
for (i=1;i<=n;i++)
{ cout << "b[" <<i<<"]="; cin>> bJi];
}
cout << endl;
cout << "Pocatecni aproximace ( napr. x[1]=0): " << end];
for (i=1;i<=n;i++)

{ cout << "x[" <<i<< "]="; cin >> yli];
}
cout << endl;
cout << " Velikost chyby (napr. 0.0001): " << end]; cin >> eps; cout << endl;
s=eps+1;

while (s >= eps)
{ for(i=1;i<=n;i++)
{s1=0; for(j=1;]<=n;j++)
if (j 1=1i)s1 = s1 + a[i][j] * y[jl; x[i] = (b[i] - s1) / a[i][i];
}
s=0; for(i=1;i<=n;i++) s=s+fabs(x[i] - y[i]);
for (i=1;i<=n;i++) vyli] = x[i];



cout << "Priblizna reSeni " << end|;
for (i=1;i<=n;i++)
cout << x[i] << endl;
return 0;
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pocet

aproximaci X y ‘
0) 0,00000] 0,00000 0,00000
(1) 1,36364 1,60000( -0,12500
(2) 1,00409 1,48864| 0,81591
(3) 1,01800 1,32841 0,70426
4) 1,05808| 1,35727| 0,62785
(5) 1,05978| 1,36862| 0,64850
(6) 1,05584 1,36432| 0,65318
(7) 1,05620] 1,36378| 0,65058
(8) |1,05653| 1,36426| 0,65047
9) 1,05646| 1,36425| 0,650/3
(10) 1,05643 1,36421 0,65071
(11) | 1,05644| 1,36421| 0,65069
(12) 1,05644] 1,36422| 0,65069
(13) | 1,05644| 1,36422 0,65069
(14) 1,05644 1,36422| 0,65069
(15) 1,05644] 1,36422| 0,65069

Vypocet na pocitaci

Presné hodnoty reSeni soustavy rovnic:
x =1,05644 y =1,36422 z =0,65069

Zjistujeme, jiz pri 4. aproximaci
jsme blizko presnému vysledku.

Blizime se stale vice k presnému
reseni.

Pri 12. aproximaci se vypocet
stabilizuje na presném vysledku.

Ne vzdy, bude posloupnost aproximaci
feSeni soustavy rovnic dobfe konvertovat.
Rozbor, pro kterou soustavu linear. rovnic
se nam nepodari dojit k reseni, je vSak uz
zalezitosti vySSi matematiky, proto se jim
nebudeme zabyvat.

Pro vytvoreni pfedstavy, jak se obecné
fesSi soustavy n rovnic o n neznamych,
které nejsou fesitelné Gaussovou
eliminaci, nam to staci.
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