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e

Numericka matematika

Zdrojové kody s priklady jsou na:
https://gitlab.com/oberhuber.tomas/fjfi-num-src.
Stahovat Ize pomoci:

git clone git@gitlab.com:oberhuber.tomas/ fjfi -num-src. git

nebo tlacitkem Download.
Rozbalime pfikazem

tar xvf fjfi —-num—srcx

cd fjfi —num—srcx
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onomes Regeni ODR

Implementace e fesime Ulohu typu:
fesict ODR
du 2. =
e f(t,u(t)) pro t € (0, T)), (1)
a0) = dini, (2)

kde G: (0, T) > R", f: (0, T) x R" = R" a lj, € R" je
okrajovéa (pocatec¢ni) podminka.
e n se Casto také oznacuje jako DOF
o degrees of freedom = stupné volnosti
e znamena to, kolik parametr( pouzijeme k aproximaci
feSeni Ulohy v daném Case t
e tuto Ulohu Ize fesit nékterou z Rungovych-Kuttovych
metod
e pro jednoduchost nejprve zvolime Eulerovu variantu

-

ki = Tf(t, (1) (3)
U(t+7) = U(t)+ ki (4)



e Regeni ODR

Oberhuber
mplementace Algoritmicky Ize feSi¢ nasi L’JthX zapsat takto:
fesicu ODR procedure SOLVEODE (Ui, f, tsiop, 7o)

t:=0
U= Uini

while t < fsp do
T 1= min{ro, tstop — t}
i := U+ update(d, f, 7)
t=t+r1
end while
end procedure
Algoritmus 1: Algoritmus pro feSeni ODR pomoci
Rungovych-Kuttovych metod.
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ReSeni ODR

—

procedure UPDATE( f, )
ki == Tf(t d)
return k1
end procedure
Algoritmus 2: Priklad implementace nejjednodussi
Rungovy-Kuttovy metody.
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Oggmiier Reéenll ODR
| Nasim cilem bude odvodit kdd, ve kterém bude snadné
mplementace
fesici ODR ménit:
e (lohu, kterou feSime
o f, Ui
e pouzitou Rungovu-Kuttovu metodu
e v nasem pripadeé ji reprezentuje funkce update
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Popis ulohy
Ve zdrojovych kddech je kazdé uloha odvozovana z objektu
ODEProblem:

struct ODEProblem
{

virtual int getDegreesOfFreedom ();

virtual void getRightHandSide( const double t,
const doublex u,
doublex fu );

virtual bool writeSolution( const double t,
const int step,
const doublex u );

b

Kdéd Ize nalézt v souboru ode /ODEProblem.h

VSechny metody jsou virtualni, protoZe popisuji rozhrani
obecné ulohy, podobné, jako tomu bylo v pfipadé objektu
struct Function popisujicim obecnou funkci v
predchozi prezentaci.



Opernber Popis ulohy
mplementace Vyznam jednotlivych metod:
fesieu ooR e int getDegreesOfFreedom /)
e vraci poCet stupnu volnosti dané dlohy, tj. n pro
Ue(0,T)xR"
e void getRightHandSide( t, u, fu )
e napocitava pravou stranu rovnice (2)
« vektor U a vysledek f(t, i) jsou reprezentovany formou
ukazatele na pole
¢ velikost téchto poli je vzdy rovna poc¢tu DOF, tj. n
e bool writeSolution( t, step, u)
e v pfedem uréenych ¢asovych bodech provadi ulozeni
stavu feSeni u do souboru

e t odpovida ¢asu simulace
e step odpovida celkovému poctu jiz ulozenych stavi
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Popis Ruungovy-Kuttovy

metody
Ve zdrojovych kddech je kazda Rungova-Kuttova metoda
odvozovéna z objektu ODESolver:

struct ODESolver
{

virtual bool setup( const int degreesOfFreedom );

virtual bool solve( const double integrationTimeStep ,
const double stopTime,
doublex time,
ODEProblemx* problem ,
doublex u );

IE

Kéd Ize nalézt v souboru ode/ODESolver.h
Metody jsou opét oznaceny jako virtualni, protoze jde o
popis obecného objektu.
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Obernber Popis Rungovy-Kuttovy metody
| Vyznam jednotlivych metod:

mplementace
fesict ODR .
e int setup( degreesOfFreedom)

e tato metoda slouzi pro alokaci pomocnych poli,
zejména pro vektory ki, Kz . . .

e jejich velikost opét odpovida poc¢tu DOFU

e void solve( ... )

e napocitava reseni u Ulohy problem od ¢asu daného
hodnotou proménné t ime s ¢asovym krokem g
rovnému integrationTimeStep aZ do €asu fsqp
rovnému stopTime
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ResSeni ODR
Funkce pro feSeni ODR pak m(ze vypadat takto:

bool solve( const double initialTime ,
const double finalTime,
const double timeStep,
const double integrationTimeStep ,
ODEProblem= problem,
ODESolverx solver,
doublex u )

solver —setup ( problem—>getDegreesOfFreedom () );
const int timeStepsCount =
ceil ( max( 0.0, finalTime — initialTime ) / timeStep );
double time( initialTime );
for( int k = 1; k <= timeStepsCount; k++ )

double progress = (double) k/(double) timeStepsCount;
printf( "Solving time step %d / %d => %f %\n",
k, timeStepsCount, 100.0xprogress );
if( ! solver—solve( integrationTimeStep,
time + timeStep, // stopTime
&time ,
problem ,
u) )
return false;
time += timeStep;
problem—>writeSolution( time, k, u );
}
printf( "Done. \n");
return true;

}
Kéd Ize najit v souboru ode/ode-solve.h
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Oberhuber Reéenll ODR
mplomentace VSimneme si, Ze se v kddu objevuji dva rlizné ¢asové kroky:
e e timeStep - uddva, v jakych intervalech se uklada stav
feseni ulohy 4(t)
e integrationTimeStep - udava integracni casovy
krok, ktery odpovida parametru 7 v algoritmu 1
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Obernuber Implementace Rungovy-Kuttovy

!mvplvewmentace metOdy prvn |'h0 Fé.du
fesicu ODR Implementace Eulerova ODE fesi¢e vypada takto:

Listing 1: "ode/Euler.h”

1 class Euler : public ODESolver

2 {

3 public:

4

5 // Constructor

6 Euler ();

7

8 bool setup( const int degreesOfFreedom );
9

10 bool solve( const double integrationTimeStep ,
11 const double stopTime,
12 doublex time,

13 ODEProblem* problem,
14 doublex u );

15

16 // Destructor

17 ~Euler ();

18

19 protected:

20

21 doublex Kki;

22 }
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Oborhuber Implementace Rungovy-Kuttovy
e metody prvniho fadu

fesict ODR
e objekt Euler je odvozen od ODESolver

e konstruktor Euler () se vola automaticky pfi vytvoreni
instance objektu

e v nasem pfipadé se v ném nuluje ukazatel k1

e destruktor ~Euler () se vola automaticky pfi zaniku
instance objektu

e v nasem pfipadé ma na starost dealokaci dynamicky
alokovaného pole k1
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Obernuber Implementace Rungovy-Kuttovy
e metody prvniho fadu

fesict ODR

Listing 2: "ode/Euler.cpp”

1 Euler::Euler()

2 |

3 ki = 0;

4}

5

6 bool Euler::setup( const int degreesOfFreedom )
7 A

8 k1 = new double[ degreesOfFreedom |;
9 if( ! k1)

10 return false;

11 return true;

12}

13

14 Euler::~Euler ()

15 {

16 if( k) delete[] k;

17 1}

e konstruktor Euler () nuluje ukazatel k1

e metoda setup alokuje do ukazatele k1 pole o velikosti
dané poctem DOFU

e destruktor ~Euler () dealokuje alokovanou pamét
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bool

Implementace Rungovy-Kuttovy
metody prvniho fadu

Listing 3: "ode/Euler.cpp”

Euler::solve( const double integrationTimeStep,
const double stopTime,
doublex time,
ODEProblems* problem,
doublex u )

const int dofs = problem—>getDegreesOfFreedom ();
while ( xtime < stopTime )

{

}

// compute current tau
double tau = min(integrationTimeStep, stopTime — xtime);

// compute ki
problem—>getRightHandSide ( «time, u, ki1 );

// update to the next time step
for( int i = 0; i < dofs; i++ )
ul i ] += tau = kK1[ i ];

xtime += tau;

return true;
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Obernuber Implementace Rungovy-Kuttovy
e metody prvniho fadu
fesict ODR SN

Domaci ukol

e do souborl ode/RungeKutta.h a
ode/RungeKutta.cpp dopiste kod pro
Rungovu-Kuttovu metodu druhého fadu

e zdrojové kddy vytisknete a odevzdejte
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Riccatiho rovnice
Jde o rovnici tvaru:

au(t
d(t ) — ao(t) + an (1)u(t) + a(t) (1),
Konkrétnéji napf.
chll(tt) = t7*e! + u(t) + 26 1UA(1).

v

Reseni této rovnice je:

u(t) = [\fztan\f(c—){)—;x}
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Oberhuber Riccatiho rovnice
Tato uloha je implementovana v souborech
ode/RiccatiProblem.h, RiccatiProblem.cpp a

Riccatiho 3 1
rovrice ricatti.cpp

19/53



s Riccatiho rovnice

Listing 4: "ode/RicattiProblem.h"

1 class RiccatiProblem : public ODEProblem
2

Riccatiho 3 public:

rovnice 4
5 RiccatiProblem ();
6
7 int getDegreesOfFreedom ();
8
9 void getRightHandSide( const double& t,
10 const doublex _u,
11 doublex fu );
12
13 double getExactSolution( const double& t ,
14 const double& ¢ = 1.0 );
15
16 bool writeExactSolution( const charx fileName,
17 const double& initialTime ,
18 const double& finalTime ,
19 const double& timeStep,
20 const double& ¢ = 1.0 );
21
22 bool writeSolution( const double& t,
23 int step,
24 const doublex u );
25
26 double getL1Error( const double timeStep );
27
28 double getL2Error( const double timeStep );
29
30 double getMaxError ();
31
32 double I1Error, I2Error, maxError;
33 };
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Listing 5: "ode/RicattiProblem.cpp"

int RiccatiProblem ::getDegreesOfFreedom ()

{
}

Riccatiho
rovnice

return 1;

A ON =

e metoda getDegreesOfFreedom () vraci pocet
stupnd volnosti tlohy

e v nadem pfipadé je u: (0, T) — R, tj. DOF = 1
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s Riccatiho rovnice

Listing 6: "ode/RicattiProblem.cpp"

void RiccatiProblem ::getRightHandSide ( const double& t,
const doublex _u,
doublex fu )

Riccatiho
rovnice

// create alias so that we can write u insted of _u[0]
const double& u = _u[ 0 ];
ful 0 ] = pow( t, —4.0 ) = exp( t ) + u +

2.0 x exp( —t ) * u % u;

O©CoOo~NOOGOhWN =

e metoda getRightHandSide () napocitava pravou
stranu vztahu (5), tj. vyraz

tel + u(t) + 27 uA(t)
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s Riccatiho rovnice

Listing 7: "ode/RicattiProblem.cpp"

double RiccatiProblem ::getExactSolution( const double& t |,

Riccatiho
const double& ¢ )

rovnice

—_

sq t(2.0);
0/ ( sqrt_2 x t x t ) x
n( sqrt.2 « (¢ — 1.0/t ) ) —
0/ (20 x1t));

const double sqrt_2 =
return exp( t ) = ( 1.
ta
1

ONO OB WN =

—

e metoda getExactSolution () pfesné feseni (6), tj.

vyraz
u(t) = [fztan\f<c—x>—21x}

e budeme ho vyuzivat k napoc€itani chyby naSich
numerickych metod
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Riccatiho rovnice
Listing 8: "ode/RicattiProblem.cpp"

bool RiccatiProblem :: writeExactSolution (
const charx fileName,
const double& initialTime ,
const double& finalTime ,
const double& timeStep,
const double& ¢ )

std :: fstream file ;
file .open( fileName, std::ios::out );
double t = initialTime ;
while( t < finalTime )
{
file <<t << " " << this—>getExactSolution( t, c )
<< std::endl;
t = std::min( t + timeStep, finalTime );

e metoda getExactSolution () vypisuje presné
feSeni na intervalu (initalTime, finalTime) s krokem
(rozliSenim) timeStep

e vysledny graf Ize zobrazit pomoci programu gnuplot
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Format dat pro program gnuplot pfi vykreslovani funkce
u:R —Rje:

t0 u(t0)
t1 u(tl)

Riccatiho
rovnice

oW =

tn u(tn)

tj. hodnota proménné t + mezera + prislusna funkeni
hodnota + konec fadku.
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Obernuber Riccatiho rovnice
Listing 9: "ode/RicattiProblem.cpp”

1 bool RiccatiProblem ::writeSolution( const double& t,

2 int step,
Riccatiho 3 const doublex u )
rovnice 4 {

5 const double& u = _u[ 0 ];

6 fstream file ;

7 if( step ==0)

8 {

9 /% %k

10 * In the first step, we want to rewrite the file

11 */

12 file .open( "riccati.txt", ios::out );

13 if( Ifile ) return false;

14 }

15 else

16 {

17 IEETES

18 * In later steps, we just append new time steps

19 */

20 file .open( "riccati.txt", ios::out | ios::app );

21 if( !file ) return false;

22 )

23 file << t << " " << u << endl;

24

25 [ skoxk

26 + Evaluate errors of the approximation

27 */

28 const double diff = fabs( getExactSolution(t) — u );

29 I1Error += diff;

30 12Error += diff = diff;

31 maxError = std ::max( maxError, diff );

32 )

26/



s Riccatiho rovnice

pfi vypisovani prvniho ¢asového kroku (step == 0 )
chceme vystupni soubor prepsat

proto ho oteviréme v médu ios: :out

pri dalSich ¢asovych krocich jiz chceme do tohoto
souboru jen pfipisovat

proto ho otevirame v médu ios::out || ios::app

Riccatiho
rovnice
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. . . .
Oberhuber Riccatiho rovnice
1 double RiccatiProblem::getL1Error( const double timeStep )
2 {
Riccatiho 3 return timeStep * I1Error;
rovnice 4 }
5
6 double RiccatiProblem ::getL2Error( const double timeStep )
7
8 return sqrt( timeStep * I2Error );
9 }
10
11 double RiccatiProblem ::getMaxError ()
12 {
13 return maxError;
14}

Zbyvajici metody napocitavaji celkové normy chyb.
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Oberhuber Riccatiho rovnice
Chyby aproximace
Jsou definovany jako:

Riccatiho
rovnice

T N
lellor = [ letiat=letianiat

i=0
T 2 N 2
el = </O Ie(t)lzdt> %(Z|e(iAt)|2At> :
i=0
= B~ A
1€l Lo,y sup_|e(f)] ~ max [e(iA)],

te(0,T)
kde At:= L a
e(t) .= u(t) — u-(t),

pro u oznacujici presné feSeni a u; priblizné feseni.
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Riccatiho rovnice

Samotny fesi¢ Riccatiho rovnice pak vypada takto:

#include <cstdlib>
#include "RiccatiProblem.h"
#include "Euler.h"
#include "ode-solve.h"

using namespace std;

const double initialTime( 0.0 );
const double finalTime( 0.15 );
const double timeStep( 1.0e—4 );
const double integrationTimeStep( 1.0e—4 );

int main( int argc, charxx argv )

{

RiccatiProblem problem;
Euler integrator;

1% %%

= Set initial condition

*/

double u = problem.getExactSolution( initialTime );

if (! solve( initialTime ,
finalTime ,
timeStep ,
integrationTimeStep ,
&problem ,
&integrator ,

&u ) )
return EXIT_FAILURE;
cout << "Ll error: " << problem.getL1Error( timeStep ) << endl
<< "L2 error: " << problem.getL2Error( timeStep ) << endl

<< "Max error: " << problem.getMaxError() << endl;

return EXIT_SUCCESS;
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Oberniber Riccatiho rovnice
Parametry na fadcich 8 - 11 maji tento vyznam:

Fiosatiho e Uloha je feSena na interval (initialTime, finalTime)
rovnice e stav se uklada v ¢asech initialTime + i - timeStep pro
i=0,1,...
e prislusnd Rungova-Kuttova metoda aproximuje feSeni
Ulohy s krokem integrationTimeStep

e nafadcich 15 a 16 vytvarime instance Ulohy a
prislusného fesice.

e na fadku 21 nastavujeme pocatecni/okrajovou
podminku.

e na fadcich 23 - 30 volame feSic tlohy

e na fadcich 32 - 34 vypisujeme normy chyb aproximace
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Riccatiho rovnice
V prostiedi linuxu pak psotupujeme nasledujicim
zpusobem:

cd fjfi —num—srcx
make install
~/.local/bin/riccati
gnuplot

plot "riccati.txt’
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s Riccatiho rovnice
Domaci ukol

Aot e zvolte vhodny interval, kde je mozné napocitat
rovnice numericky feSeni Ricattiho rovnice
e napocitejte experimentalni rad konvergence - EOC pro
EulerGv a vami implementovany Runguv-Kuttav fesic
e napiste report k numerické analyze
e feSend rovnice
interval, na kterém ji fe§ime
pocatecni podminka
parametry-tilohy
zvolena numericka metoda
parametry numerické metody
tabulka EOC

33/53



Tomas
Oberhuber

Experimentalni
fad
konvergence

EOC

Definition 1

Bud' 71 > 7, u presné feSeni ulohy, u., a u,, pfiblizna
feSeni ziskana integraci s Cacovymi kroky 71 a 7». Necht
er, (t) :== u(t) — ur (t) a e, (t) := u(t) — u,(t). Dale

Er = lenllL. 01 Er. = l€rll. o 1) ve vhodné norme.
Pak definujeme
log(E~ /E-,)
EOC(71,7p) i= — 27,
(7:72) = og(r /)
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Oggmiier EOC
Remark 2
Je'liT1/T2 = 2, tj7'2 = %7-1, pak

Experimentalni |Og(E7_ /ET )
fé E = N/ ER) _oq (E/E ).
koivergenoe OC(T1 ’ 7—2) IOg(7'1 /7_2) 092( 1 / 2)

Pokud E,, /E,, = 2 = EOC(ry,72) = 1.

Pokud E, /E,, = 4 = EOC(ry,75) = 2.

POkUd E7—1/E7-2 — 8 = EOC(T17T2) = 3

Pokud E,, /E,, = 16 = EOC(ry, 73) = 4.
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Example 3
Ptiklad EOC tabulky

EOC

L 0,7 LOT) | o7
N Er. | EOC | Em. | EOC | Er. | EOC
1705 21 4 19
33| 0.25 046 |22 |o64 |26 |29 |27
65 0125 |05 |16 |o34 | 092 |49 |059
129 | 0.0625 | 006 | '3 |o16 |11 |41 |04
257 | 003125 | 0.025 | %2 | 008 | 099 |72 | 0-66
513 | 0.015625 | 0.012 | 103 | 0.041 | 0-96 | 940 | 077
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Harmonicky
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Resdime Ulohu:

Z fyziky vime, Ze

g.

Harmonicky oscilator

F = —kX.

T
Il
3
Q!
Il
3
Rel!

5 K
X+ —x=0.
m

My budeme fesit tlohu tzv. tumeného oscilatoru v R

u(t) + et?(t)u(t) + u(t) = 0.
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Obernuber Harmonicky oscilator
Tuto rovnici druhého fadu prevedeme na soustavu dvou
rovnic prvniho fadu:

lj1 = U, (7)
Harmonicky L}2 = —Uq — €U12U2, (8)

oscilator

s pocatecni podminkou

U |1=0= (Us.jni, Uz jni) "
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—_ o a
AWON—=LO

Harmonicky oscilator
Resi¢ je implementovan v souborech
ode/HyperbolicProblem.h,
ode/HyperbolicProblem.cpp a
ode/hyperbolic.cpp.

Listing 10: "ode/HyperbolicProblem.cpp”

int HyperbolicProblem :: getDegreesOfFreedom ()
{

}

void HyperbolicProblem :: getRightHandSide ( const double& t,
const doublex _u,
doublex fu )

return 2;

const double& ul
const double& u2
ful 0 ] u2;

ful 1] —ul — epsilon * ul % ul % u2;

_u[ 0 ];
_uf 1 I
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Harmonicky
oscilator

OCONOOO A~ WN =

-
N = o

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

Harmonicky oscilator
Listing 11: "ode/hyperbolic.cpp”

#include "HyperbolicProblem.h"
#include "Euler.h"
#include "ode-solve.h"

typedef HyperbolicProblem Problem;

const double initialTime( 0.0 );
const double finalTime( 100.0 );
const double timeStep( 1.0e—1 );
const double integrationTimeStep( 1.0 );

int main( int argc, charxx argv )
{
HyperbolicProblem problem;
problem.setEpsilon( 0.0 );
Euler integrator;

double u[ 2 1 = { 0.0, 1.0 };

if( ! solve( initialTime ,
finalTime ,
timeStep ,
integrationTimeStep ,
&problem ,
&integrator ,
u)

return EXIT_FAILURE;
return EXIT_SUCCESS;

40
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Obernuber Harmonicky oscilator
Example 4

ZmenSuijte intergacni krok pro simulaci harmonického
oscilatoru.

Harmonicky
oscilator
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Adaptivni
volba
casového
kroku

Mersonova-Rungova-Kuttova

procedure MERSONRUNGEKUTTA(H, f, tsop, 70)
t:=0
U = U
while t < tg,p do

ki = Tf(t,0)

Rz = T?(t-‘r%T,U-’!‘%R])

ks = T?(f+ rd+ %la + %EZ)

R4 = T?(er%T,ﬁwL%/a Jr%ﬂs)

ks = T?<t+T,ﬁ+%E1 - gl?3+2/?4)

if e < e then
ﬁ::ﬁ+%(l¥1+4l?4+ﬁ5)
t=t+r71

end if

o=

ri=min{7- ¢ () 7tstop*t}<

end while
end procedure

metoda
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Adaptivni
volba
casového
kroku

Mersonova-Rungova-Kuttova

metoda
Tato metoda je implementovana v souborech
ode/Merson.h a ode/Merson.cpp

e parametr ¢ se nastavuje pomoci metody
setAdaptivity ( eps )

o tento parametr se nastavuje na hodnotu 10~3 — 10~12

Example 5

Proved'te simulaci harmonického oscilatoru s pomoci
Mersonovy metody.
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Jde o ulohu typu:

U1 = U — au12 — CuqUo,
Us = Up — bU% + duq U,

kde a, b, ¢ a d jsou konstanty.

jde o typ uloh zvané Volterrovy-Lotkovy ulohy

e simuluje soupereni dvou zivociSnych druht - predator a
Soupefic obét

e u:(0,T) — R2 tj. DOFs = 2

e Uloha je implementovana v souborech
SpeciesProblem.h, SpeciesProblem.cpp a
species.cpp
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Soupefici
druhy

Soupefici druhy
Domaci ukol
Proved’te numerickou analyzu, tj. pokuste se najit
zajimavou kombinaci parametrt a, b, ¢ a d a napiste opét
report doplnény obrazky.

e fesena rovnice

e interval, na kterém ji freSime
e pocateCni podminka

e parametry Ulohy

e zvolena numericka metoda

e parametry numerické metody
e obrazky s vysledky
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Obernber Lorenzovy rovnice
Resime udlohu:

up = otz —u),
Up = ply — Up — UyUs,
Uz = —[fuz+ Uiy,

kde o, p, 8 > 0 jsou konstanty.

e jde o jednoduchy model pouzivany v meteorologii
e Uloha dala vzniknout teorii determinstického chaosu
Lorenzovy e feSenim muze byt tzv. Lorenzlv atraktor

rovnice
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Oberhuber Lorenzovy rovnice
Domaci ukol
Proved'te numerickou studii Lorenzovych rovnic a pokuste
se najit Lorenzlv atraktor.

Lorenzovy
rovnice
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Oberhuber
Resime Glohu:
dp, . Gmim, B B).i
—-pi),i=1,...n
Z 5-p PP
/?f/
tj.
dzﬁ/ n Gm/ — — .
= S i—pi),i=1,...n
dt ; 16, — il G
j#i
tj.
. . dV, n ij 5 N .
Uloha n-téles - = ——= (pi—pi),i=1,...n,
dt ,; 5-pl PP
J#
dp S
% = V,i=1,...n
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onomes Uloha n-téles

o kazda Castice je popsana vektorem pozice g; a
rychlosti v;

e tj. 2d DOFU, kde d je dimenze prostoru

e celkem dostavame 2dn DOFU

T

u= U1a---Udn7Udn+17---aU2dn

Vi,-.sVn ﬁ‘]’"':ﬁn

e pocateCni podminka vlastné nastavuje pozici a rychlost
kazdé Castice na zaCatku

e Uloha je implementovana v souborech
NBodyProblem.h, NBodyProblem.cpp a
nbody.cpp

Uloha n-téles
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Uloha n-téles

O©OoO~NOO U WN =

Uloha n-téles

void NBodyProblem:: setlnitialCondition ( doublex u )

{
const int n = this—>particlesCount;
for( int i = 0; i < this—particlesCount; i++ )
{ /****
* Initial velocity
*/
u[ 2 x i ] = 0;
ul 2 x i + 1] = 0;
[ % % %%
* Initial position
*/
ufl n+2 % i ] =
( double ) ( rand() % 10000 ) / 100.0 — 50.0;
uln+2=x* i +17]=
( double ) ( rand() % 10000 ) / 100.0 — 50.0;
/****
+ Particle mass
*/
this —>masses[ i ] = ( double ) ( rand() % 100 ) /
100.0 + 1.0;
}
}
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Uloha n-téles

Uloha n-téles

void NBodyProblem :: getRightHandSide ( const double& t,

const doublex _u,
doublex fu )

const double epsilon = 1.0e—1;
const int n = this—>particlesCount;
for( int i = 0; i <n; i++ )
{

[ xkk

* Positions

[ wxx

ful 2 * i +
const double&
const double& q_

7
for( int j =0; j <n; j++ )

if(i==1j)
continue ;
const double& q_j
const double&
const double g
const double q_ij_
double dist =
sqrt( g_ij_x = q_ij_x + q_ij_y * qg_ij_y + epsilon);
double coeff =

this —>g * this—>masses[ j ] / ( dist * dist % dist);
ful 2 = i ] += coeff * ( g_j_x — q_i_x );
ful[ 2 = i + 1 ] += coeff = ( q_j_y — q_i_y );
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Uloha n-téles

Uloha n-téles

bool NBodyProblem:: writeSolution( const double& t,

int step,

const doublex u )
[ %%
* Filename with step index
*/

std ::stringstream str;
str << "nbody-" << std::setw( 5 )
<< std::setfill ( 70’ ) << step << ".txt";

/*
* Open file

*/

std :: fstream file;

file .open( str.str(), std::ios::out );
if( ! file )

{

std::cerr << "Unable to open the file "
<< str.str() << std::endl;
return false;

}

[ xkk

* Write particles positions

*/

const int n = this—>particlesCount;
const int d this —dimension;

for( int i = 0; i <n; i++ )
for( int j = 0; j <d; j++ )
file <<cu[ dx*x (n+ i )+j]<<"";
for( int j = 0; j <d; j++ )
file <<ufdx* (n+ i) +jl+uld=i+]]

<« o
file << std::endl;
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Uloha n-téles

#include
#include
#include
#include
#include

Uloha n-téles

<cstdlib >
"NBodyProblem.h"
"Euler.h"
"Merson.h"
"ode-solve.h"

using namespace std;

const double initialTime( 0.0 );
const double finalTime( 1.0e3 );
const double timeStep( 4.0e-2 );
const double integrationTimeStep( 1.0e—6 );

const int

int main(

{

particlesCount( 100 );

int argc, charxx argv )

NBodyProblem problem( particlesCount );

Merson integrator;

integr

double

ator.setAdaptivity ( 1.0e-8 );

% U = new double[ problem.getDegreesOfFreedom ()

problem.setlnitialCondition( u );

it

del
ret

delete []

return

solve( initialTime ,
finalTime ,
timeStep ,
integrationTimeStep ,
&problem
&integrator ,
u))

ete[] u;

urn EXIT_FAILURE;
usj
EXIT_SUCCESS;
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