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void bhnode::set_cm_quantities()

{
if (nparticle > 1){
int i;
pos = 0.0;
mass = 0.0;
for(i=0;i<8;i++){
if (child[i] != NULL){
child[i]->set_cm_quantities();
double mchild = child[i]->mass;
pos += mchild*child[i]->pos;
mass += mchild;
}
}
pos /= mass;
}
}
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void bhnode::accumulate_force_from_tree(myvector & ipos, double eps2, double theta2,
myvector & acc,
double & phi)

myvector dx = pos - ipos;
double r2 = dx*dx;
if ((r2xtheta2 > 1x1) || (nparticle == 1)){

accumulate_force_from_point(dx, r2, eps2, acc, phi, mass);
Yelseq{

for(int i=0;i<8;i++){

if (child[i] !'= NULL){
child[i]->accumulate_force_from_tree(ipos,eps2,theta2, acc, phi);

}
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void accumulate_force_from_point(myvector dx, double r2, double eps2,
myvector & acc,
double & phi,
double jmass)

{
double r2inv = 1/(r2+eps2);
double rinv = sqrt(r2inv);
double r3inv = r2inv*rinv;
phi -= jmass*rinv;
acc += jmass*r3invxdx;

}
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#ifdef TEST
int main()
{
particle * pp;
int n;
cerr << "Enter n:";
cin >> n ;
pp = new particle[n];
double rsize = 1.0;
create_uniform_sphere(pp, n, 0 , rsize);



for(int i =0;i <n;i++){
PRC(i); PRL(ppl[i].pos);
+

bhnode * bn = NULL;

int nnodes = n%*2;

bn = new bhnode[nnodes];

bn->assign_root (myvector(0.0), rsize*2, pp, n);

int heap_remainder = nnodes-1;

bhnode * btmp = bn + 1;

bn->create_tree_recursive(btmp, heap_remainder);

PRL(bn->sanity_check());

bn->set_cm_quantities();

bn->dump () ;

double eps2 = 0.01;

calculate_uncorrected_gravity_direct(pp, n, eps2);

cerr << "Direct force \n";

particle * p = pp;

for(int i = 0; i<n; i++){
PR(i); PR(p->pos);PR(p->phi); PRL(p->acc);
ptt;

}

cerr << "Tree force \n";

clear_acc_and_phi(pp, n);

P = PP;

for(int i = 0; i<n; i++){
calculate_gravity_using_tree(p, bn, eps2, 0.5);
PR(i); PR(p->pos);PR(p->phi); PRL(p->acc);

ptt;
}
return O;
}
#endif

b0 N=2000000000

BHtree
Enter n:2
nbody = 2, power_index = 0
i =0, pplil.pos = -0.20707 0.680971 -0.293328
i =1, pplil.pos = -0.106833 -0.362614 0.772857
bn->sanity_check() = 0
node center pos 0 0 O
node cm -0.156952 0.159178 0.239765 m 1 IS _not_ LEAF nparticle = 2
node center pos -0.5 -0.5 0.5
node cm -0.106833 -0.362614 0.772857 m 0.5 IS LEAFnparticle = 1
p->pos = -0.106833 -0.362614 0.772857
node center pos -0.5 0.5 -0.5
node cm -0.20707 0.680971 -0.293328 m 0.5 IS LEAFnparticle = 1
p->pos = -0.20707 0.680971 -0.293328
Direct force

i = 0 p—>pos = -0.20707 0.680971 -0.293328 p->phi = -0.33364 p->acc = 0.014891 -0.155032 0.158389

i =1 p->pos = -0.106833 -0.362614 0.772857 p->phi = -0.33364 p->acc = -0.014891 0.155032 -0.158389
Tree force

i =0 p->pos = -0.20707 0.680971 -0.293328 p->phi = -0.33364 p->acc = 0.014891 -0.155032 0.158389

i =1 p->pos = -0.106833 -0.362614 0.772857 p->phi = -0.33364 p->acc = -0.014891 0.155032 -0.158389

gbobooooooooobgobobobobooooobobobobobobooobooboonbo
oboboboobooooooooob 2000000000000 000D0 1000000000
goboobooooboobooooboobooobobooboooboooo

20b00bobo0o0obbo0obboobboobboobboobbooboobboonoDboo
O0D0000000 openingangle OO0 O000O0O0D0OO0OO0OOODOOOOOOODOOODOO



4 0000

gooboobooboobooobobooobooboobboooboobooboobboobLbon
gobuodgboooboooo

i1 = o+ Atv; + At*a(x;) /2 (1)
vit1 = v+ Atla(z;) + a(wip1)]/2 (2)

oooboboboboobobobd particleDODOOOOOO

void predict(double dt){
double dt2 = dt*dt*0.5;
pos += dtxvel + dt2*acc;
vel += (dt*0.5)*acc;

void correct(double dt){
vel += (dt*0.5)*acc;

gboboboooooooboboboboboooooboboboboboooooboooDo
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void integrate(bhnode * bn,
int nnodes,
particle * pp,
int n,
double eps2,
double theta,

. double dt)
for(int i = 0;i<n;i++) ppl[i].predict(dt);
calculate_gravity(bn,nnodes,pp,n,eps2,theta) ;
for(int i = 0;i<n;i++) pplil.correct(dt);

}

goboooooboooobooooon

void calculate_gravity(bhnode* bn,
int nnodes,
particle * pp,
int n,
double eps2,
double theta)

double rsize = calculate_size(pp,n);
bn->assign_root (myvector(0.0), rsize*2, pp, n);
int heap_remainder = nnodes-1;

bhnode * btmp = bn + 1;
bn->create_tree_recursive(btmp, heap_remainder);
// bn->dump () ;

// PRL(bn->sanity_check()) ;
bn->set_cm_quantities();

clear_acc_and_phi(pp, n);

particle * p = pp;

for(int i = 0; i<n; i++){
calculate_gravity_using_tree(p, bn, eps2, theta);
// PR(i); PR(p->pos);PR(p->phi); PRL(p->acc);
ptt;
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int main()

particle * pp;

int n;

cerr << "Enter n:";

cin >> n ;

pp = new particlel[n];

double rsize = 1.0;
create_uniform_sphere(pp, n, 0 , rsize);
bhnode * bn = NULL;

int nnodes = n*2+100;
bn = new bhnode[nnodes];
double eps2;
double theta;
double dt;
double tend;
int iout;
cerr << "Enter eps2, theta, dt, tend, iout:";
cin >> eps2 >>theta >>dt >>tend >> iout;
cerr << "eps2=" << eps2 << " theta=" <<theta <" dt=" << dt
<< " tend=" << tend << " jout=" << iout <<endl;
calculate_gravity(bn,nnodes,pp,n,eps2, theta);
cerr << "Initial data'"<<endl;
print_energies(pp,n,0);
int istep = 0;
for(double t=0;t<tend; t+=dt){
integrate(bn, nnodes, pp, n, eps2, theta, dt);
istep++;
if (istep % iout == 0){
cerr << "Time=" << t+dt <<endl;
print_cm(pp, n);
print_energies(pp,n,1);

}

return O;
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double kinetic_energy(particle * pp,
int n)
{
double ke = 0;
for(int i = 0;i<n;i++) {
ke += (ppl[i].velx*ppl[i].vel)*pp[i] .mass*0.5;
}
return ke;

}

double potential_energy(particle * pp,
int n)
{
double pe = O;
for(int i 0;i<n;i++) {
pe += ppli] .phi*pp[i] .mass;

}
return pe*0.5;

}

void print_energies(particle * pp,
int n,
int check)

static double etotO;

double pe = potential_energy(pp,n);

double ke = kinetic_energy(pp,n);

double etot = petke;

if (check==0 ) etot0 = etot;

cerr << "etot = " << petke << " PE=" << pe << " KE="<<ke << " V.R.= " << -ke/pe;
if (check)cerr << " de=" << (etot-etot0)/etotO;

cerr <<endl;
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static double etotO;
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void initgraph()

{
if (cpgopen("") !'=1 ) exit(-1);
cpgask(0) ;
b
void plot_particles(particle * p,
int n,
double xmax,
int first)

static float * xp;
static float * yp;
static int nbuf = -1;
cpgbbuf () ;

if (first == 1){

cpgpage O ;
cpgenv(-xmax, xmax, -xmax, xmax,1,-2);



if ( mbuf < n){

if (nbuf > 0){
delete [] xp;
delete [] yp;

}

xp = new float[n];

yp = new float[n];

nbuf = n;

}
for(int i = 0;i<n;i++){
xp[i] = p[i].pos[0];

ypli]l = pl[il.pos([1];
cpgeras();
cpgbox ("bcnst", 0.0, 0, "bcnst", 0.0, 0);
cpglab("X“, "Y", n n);
cpgpt (n,xp,yp,-1);
cpgebuf () ;
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int mainQ)
{
particle * pp;
int n;
cerr << "Enter n:";
cin >> n ;
pp = new particle[n];
double rsize = 1.0;
cerr << "Enter power index:";



double power_index;
cin >> power_index ;
cerr << "power index = " << power_index <<endl;
create_uniform_sphere(pp, n, power_index , rsize);
bhnode * bn = NULL;
int nnodes = n*2+100;
bn = new bhnode[nnodes];
double eps2;
double theta;
double dt;
double tend;
int iout;
cerr << "Enter eps2, theta, dt, tend, iout:";
cin >> eps2 >>theta >>dt >>tend >> iout;
cerr << "eps2=" << eps2 << " theta=" <<theta <<" dt=" << dt
<< " tend=" << tend << " jout=" << jout <<endl;
double xmax_plot;
cerr << "Enter xmax for plot:";
cin >> xmax_plot;
cerr << "xmax for plot = " << xmax_plot <<endl;
initgraph();
plot_particles(pp,n,xmax_plot,1);
calculate_gravity(bn,nnodes,pp,n,eps2, theta);
cerr << "Initial data'"<<endl;
print_energies(pp,n,0);
int istep = O;
for(double t=0;t<tend; t+=dt){
integrate(bn, nnodes, pp, n, eps2, theta, dt);
istep++;
plot_particles(pp,n,xmax_plot,0);
if (istep % iout == 0){
cerr << "Time=" << t+dt <<endl;
print_cm(pp, n);
print_energies(pp,n,1);
}
+

return O;
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