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std:
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std:

//
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:F64vec
:F64vec

:F64vec
:F64
:F64vec
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3

:F64vec v

LT3 ©FDPSD#H HA

::F6d4vec( 1.0, 2.5, -3.9);
::F6d4vec(-2.0, -1.5, 2.0);

vl

v_sub = vl

inner vl

outer vl
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:cout << v _add.

:cout << v dub
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// add
// sub

// inner product

// outer product

::endl;

::endl;
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@®mass

@position(x, y, z)

@ clocity(x, vy, z)
@acceleration(x, v, z)
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Nbody (B DAL+

double mass[Nbody];

double position[Nbody][3];
double velocity[Nbody][3];
double acceleration[Nbody][B];l
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Nbody (B DAL+

1+ class FPGrav{

2 double mass;

3 double position[3];

4 double velocity[3];

5 double acceleration[3];
&  }body[Nbody];
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class BEPGRaV
double mass;
double position[3];
double velocity[3];

double acceleration|[3];
}body[Nbody];
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1 //without class
2+ void calcSomething(double mass[], double position[][3], double velocity[][3], double acceleration[][3]){
//calculate something..1

}

//with class

7+ void calcSomething(FPGrav particle[]){

8 //calculate something...

9 '}
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1+ class FPGrav{
PS::F64 mass;
PS::F64vec position;
PS::F64vec velocity;
PS::F64vec acceleration;
}body[Nbody];
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1+ class FPGrav{
PS::F64 mass;
PS: :F64vec |DOSEEIONS
PS: :F64vec NELOCEEYS

PS: :F64vec [GCCEleration:
}body[Nbody];
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1+ class FPGrav{

PS::F64 mass;

PS::F64vec position;

PS::F64vec velocity;

PS::F64vec acceleration;

//member functions

PS::F64vec getPos(){
return position;

}

18  }body[Nbody]; i nar ko
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13 position = body[e].getPos();I
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1+ class FPGrav{
PS::F64 mass;
PS::F64vec position;

PS::F64vec velocity;

PS::F64vec acceleration;

PS::F64vec getPos(){
eturn position;

}
}body[Nbody];

/I EWT
2015/07 /22 position = body[e].getPos();I
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1+ class FPGrav{

PS::F64 mass;

PS::F64vec position;

PS::F64vec velocity;

PS::F64vec acceleration;

//member functions

PS::F64vec getPos(){
return position;

}

18  }body[Nbody];

11
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//IBFEO TR
PS::ParticleSystem<FPGrav> system grav;
/[/IBEERYU—-SOSR

PS::TreeForForceLong<FPGrav, FPGrav, FPGrav>Monopole tree grav;
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[/BLFEO TR
PS::ParticleSystem<FPGrav> system grav;
//EEERYY -0
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PS::F64 mass;
PS::F64vec position;

PS::F64vec velocity;
PS::F64vec acceleration;
//member functions
PS::F64vec getPos(){
return position;

}
}body[Nbody];

<FPGrav, FPGrav, FPGrav>

[/TEWA
position = body[@].getPos(
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template <class TParticlel>
void CalcGravity(const FPGrav * ep i,

const PS::S32 n_ip,
const TParticlel * ep_j,
const PS::S32 n_jp,
FPGrav * force) {

for(PS::S32 1 = 0; i < n_ip; i++){

PS::F64vec xi = ep _i[i].getPos();
:S32 j = @; j < n_jp; j++){
PS::F64vec rij = xi - ep_j[j].getPos();
//HHEERAME
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TParticlel

void CalcGravity(const FPGrav * ep i,

const PS::S32 n_ip,
TParticle] FEREDENE

const PS::S32 n_jp,

FPGrav * force) {

for(PS::S32 1 = 0; i < n_ip; i++){
PS::F64vec xi = ep_i[i].getPos();
for(PS::S32 j = 9; j < n_jp; j++){
PS::F64vec rij = xi - ep_j[j].getPos();
/I EERHE
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template <class TParticlel>

WTELIEDH D,

void CalcGravity(const FPGrav * ep i,

const PS::S32 n_ip,
const TParticlel * ep 7,
const PS::S32 n_jp,
FPGrav * force) {

for(PS::S32 1 = 0; 1 < n_ip; i++){

PSS EOAVEEINS cp i[i].getPos();
:S32 j = 0; j < n_jp; j++){
PS::F64vec rij S ep j[j].getPos();
//HEEFERNR
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user-defined.hpp

class FileHeader{
public:

PS::S64 n_body;

PS::F64 time;

PS::S32 readAscii(FILE * fp) {
fscanf(fp, "#1f\n", &time);
fscanf(fp, "#11d\n", &n _body);
return n_body;

}

void writeAscii(FILE* fp) const {

fprintf(fp, "%e\n", time);
fprintf(fp, "%#11d\n", n_body);

}s

class FPGrav{

public:
PS::S564 id;
PS::F64 mass;
PS::F64vec pos;
PS::F64vec vel;
PS::F64vec acc;
PS::F64 pot;



user-defined.hpp

A

public:
PS::S64 n_body;
PS::F64 time;
PS::S32 readAscii(FILE * fp) {
fscanf(fp, "#1f\n", &time);
fscanf(fp, "#11d\n", &n _body);
return n_body;
}
void writeAscii(FILE* fp) const {
fprintf(fp, "%e\n", time);
fprintf(fp, "%11d\n", n_body);

}s

class FPGrav{

public:
PS::S564 id;
PS::F64 mass;
PS::F64vec pos;
PS::F64vec vel;
PS::F64vec acc;
PS::F64 pot;



class FileHeader{
public:
PS::564 n_body;
PS::F64 time;
PS::S32 readAscii(FILE * fp) {
fscanf(fp, "#1f\n", &time);
fscanf(fp, "#11d\n", &n _body);

return n_body;
}
void writeAscii(FILE* fp) const {
fprintf(fp, "%e\n", time);
fprintf(fp, "%#11d\n", n_body);




class FPGrav{

public:
PS::564
PS::F64
PS::F64vec
PS::F64vec
PS::F64vec
PS::F64 pot;

static PS::F64 eps;

PS::F64vec getPos() const {
return pos;

PS::F64 getCharge() const {
return mass;

void copyFromFP(const FPGrav & fp){
mass = fp.mass;
pos = fp.pos;

void copyFromForce(const FPGrav & force) {
acc = force.acc;
pot = force.pot;




::S64 id;
::F64 mass;
: :F64vec pos;

: :F64vec vel;
: :F64vec acc;
::F64 pot;

RLFH)3




: :F64vec getPos() const {
return pos;

::F64 getCharge() const {
return mass;

void copyFromFP(const FPGrav & fp){

mass = fp.mass; FDPS 9 75:,23'72:&50)
os = fp.pos;
e >< IIANES

void copyFromForce(const FPGrav & force) {

acc = force.acc;
pot = force.pot;

void clear() {
acc = 9.9;
pot = 0.0;




void writeAscii(FILE* fp) const {

fprintf(fp, "#11ld\tX1F\tX1F\tXLF\tXLF\t%1F\t%1F\t%1lf\n",
this->id, this->mass,

this->pos.x, this->pos.y, this->pos.z,
this->vel.x, this->vel.y, this->vel.z);

void readAscii(FILE* fp) {
fscanf(fp, "#11ld\tE1F\talF\tX1f\t%lf\tZlf\tx1f\t%1lf\n", S /\\\ 3K
&this->id, &this->mass, I/O)( ~ Ba;t&
&this->pos.x, &this->pos.y, &this->pos.z,
&this->vel.x, &this->vel.y, &this->vel.z);
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#ifdef ENABLE_PHANTOM_GRAPE_X86

template <class TParticlel>
void CalcGravity(const FPGrav * iptcl,
const PS::S32 ni,
const TParticlel * jptcl,
const PS::S32 nj,
FPGrav * force) {
const PS::S32 nipipe = ni;
const PS::S32 njpipe = nj;
PS::F64 (*xi)[3] = (PS::F64 (*)[3])malloc(sizeof(PS:: nipipe * PS::DIMENSION);
PS::F64 (*ai)[3] = (PS::F64 (*)[3])malloc(sizeof(PS:: nipipe * PS::DIMENSION);
PS::F64 *pi = (PS::F64 * Ymalloc(sizeof(PS:: nipipe);
PS::F64 (*xj)[3] = (PS::F64 (*)[3])malloc(sizeof(PS:: njpipe * PS::DIMENSION);
PS::F64 *mj = (PS::F64 * ymalloc(sizeof(PS:: njpipe);
for(PS::S32 1 = 08; 1 < ni; i++) {
xi[i][@] iptcl[i].getPos()[@];
xi[i][1] = iptcl[i].getPos()[1];
xi[i][2] = iptcl[i].getPos()[2];
ai[i][e] = ©.9;
ai[i][1] = ©.0;
ai[i][2] = ©.9;
pi[i] 0.9;




}

#else
PS::S32 devid = 06;
#endif
g5_set_xmjMC(devid, 0,
g5_set_nMC(devid, nj);

for(PS::S32 1 =9; 1 <
force[i].acc[0@] +=
force[i].acc[1l] +=
force[i].acc[2] +=
force[i].pot -=
}
free(xi);
free(ai);
free(pi);
free(xj);
free(mj);

mj[j] = Jjptcl[j].mass;

#ifdef PARTICLE_SIMULATOR_THREAD_PARALLEL
PS::S32 devid = omp_get thread num();

nj, xj, mj);

g5 calculate force _on xMC(devid, xi, ai, pi, ni);

ni; i++) {
ai[i][e];
ai[i][1];
ai[i][2];
pi[i];




template <class TParticlel>

void CalcGravity(const FPGrav * ep i,
const PS::S32 n_ip,
const TParticlel * ep_j,
const PS::S32 n_jp,
FPGrav * force) {
PS::F64 eps2 = FPGrav::eps * FPGrav::eps;
for(PS::S32 i = 8; i < n_ip; i++){
PS::F64vec xi = ep_i[i].getPos();
PS::F64vec ai = 0.0;
PS::F64 poti = 0.0;
for(PS::832 j = 9; j < n_jp; j++){
PS::F64vec rij = xi - ep _j[j].getPos();
PS::F64 r3 inv = rij * rij + eps2;
PS::F64 r inv = 1.0/sgrt(r3 _inv);
r3_inv = r_inv * r_inv;
r_inv *= ep_j[j].getCharge();
r3_inv *= r_inv;
ai -= r3_inv * rij;
poti -= r_inv;
}
force[i].acc += ai;
force[i].pot += poti;

HE1ER

TV L —FNEH
w/0 Phantom-GRAPE



template <class >
void CalcGravity(const FPGrav * ep i,
const PS::S32 n_ip,
const TParticlel * ep_j,
const PS::S32 n_jp,
FPGrav * force) {
PS::F64 eps2 = FPGrav::eps * FPGrav::eps;
for(PS::S32 i = 8; 1 < n_ip; i++){
PS::F64vec xi = ep_i[i].getPos();
PS::F64vec ai = 0.0;
PS::F64 poti = 0.0;
for(PS::S32 j = 9; j < n_jp; j++){
PS::F64vec rij = xi - ep _j[j].getPos();
PS::F64 r3_inv = rij * rij + eps2;
PS::F64 r inv = 1.08/sgrt(r3 _inv);
r3_inv = r_inv * r_inv;
r_inv *= ep_j[j].getCharge();
r3_inv *= r_inv;
ai -= r3_inv * rij;
poti -= r_inv;
}
force[i].acc += ai;
force[i].pot += poti;

#endif
77/ — X=X
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template <class TParticlel>
void CalcGravity(const FPGrav * ep i,
const PS::S32 n_ip,
const TParticlel * ep j,
const PS::S32 n_jp,
FPGrav * force) {
PS::F64 eps2 = FPGrav::eps * FPGrav::eps;
for(PS::S32 1 = 0; 1 < n_ip; i++){
PS::F64vec xi = ep i[1i]. ()5
PS::F64vec ai = 0.0;
PS::F64 poti = 0.0;
for(PS::S32 j = 0; j < n_jp; j++){

N
p —

PS::F64vec rij =xi - ep_j[J].
PS::F64 r3_inv = rij * rij + eps2;
PS::F64 r inv = 1.0/sqrt(r3 _inv);
r3_inv = r_inv * r_inv;
r_inv *= ep_j[j]l.getCharge();
r3_inv *= r_inv;
ai -= r3_inv * rij;
poti -= r_inv;

}

force[i].acc += ai;

force[i].pot += poti;

#endif
77 — DX
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- npoay.cpp

#include<iostream>
#include<fstream>
#include<unistd.h>
#include<sys/stat.h>
#include<particle _simulator.hpp>
#ifdef ENABLE PHANTOM GRAPE_X86
#include <gp5util.h>

#endif

#include "user-defined.hpp”

void makeColdUniformSphere(const PS
const PS
const PS

::F64 mass_glb,
::564 n_glb,
::S64 n_loc,

PS::F64 *& mass,
PS::F64vec *& pos,
PS::F64vec *& vel,

const PS
const PS
assert(eng < 0.09);
{
PS::MTTS mt;
mt.init genrand(9);

::F64 eng = -0.25,
::S32 seed = 0) {

for(PS::S32 i = 9; 1 < n_loc; i++){

macels) =@ mace a1Thh /7 n»n alhe



- npoay.cpp

#include<iostream>
#include<fstream>
#include<unistd.h>
#include<sys/stat.h>
#1 le<particle simulator.hpp>
#ifdef ENABLE PHANTOM GRAPE_X86
#include <gp5util.h>

#endif

#include "user-defined.hpp”

void makeColdUniformSphere(const
const

PS
PS

::F64 mass_glb,
::564 n_glb,

const PS::S64 n_loc,
PS::F64 *& mass,
PS::F64vec *& pos,
PS::F64vec *& vel,

const PS::F64 eng = -0.25,
const PS::S32 seed = 9) {

assert(eng < 0.09);

{
PS::MTTS mt;

mt.init genrand(9);

for(PS::S32 i = 9; 1 < n_loc; i++){

macelsa) =@ mace a1l /7 n»n alhe



template<class Tpsys>
void kick(Tpsys & system,
const PS::F64 dt) {
PS::S32 n = system.getNumberOfParticlelLocal();
for(PS::S32 1 =06; 1 < n; i++) {
system[i].vel += system[i].acc * dt;

leap-frogiEIC &K %
FEED

template<class Tpsys>
void drift(Tpsys & system,
const PS::F64 dt) {
PS::S32 n = system.getNumberOfParticlelLocal();
for(PS::S32 1 = 08; 1 < n; i++) {
system[i].pos += system[i].vel * dt;

I




PS::S32 n = system.getNumberOfParticlelLocal();

getNumberOfParticleLocal()
TRFHENEPIFTED

PS::S32 n = system.getNumberOfParticlelocal();



system[i].vel += system[i].acc * dt;

NFRFV ZAIC[I]ZD2lT5 &
RTFDT—IDNERIFTES

system[i].pos += system[i].vel * dt;



int main(int argc, char *argv[]) { )(/]/ \/Baéﬁﬁﬁﬁﬁ



PS::Initialize(argc, argv); FDPS*]JHH'”S




while((c=getopt(argc,argv,"i:o:d:D:t:T:1:n:N:hs:")) != -1){
switch(c){
case 'o':
sprintf(dir_name,optarg);
break;
case 't':
theta = atof(optarg);
std::cerr << "theta =" << theta << std::endl;
break;
case 'T':
time_end = atof(optarg);

std::cerr << "time_end = " << time_end << std::endl;
break;

case 's':
dt = atof(optarg);
std::cerr << "time_step = " << dt << std::endl;
break;

case 'd':

dt_diag = atof(optarg);

std::cerr << "dt_diag = " << dt_diag << std::endl;
break;

case 'D':
dt_snap = atof(optarg);
std::cerr << "dt_snap =

<< dt_snap << std::endl;

break;
case 'l':
n_leaf _limit = atoi(optarg);
std::cerr << "n_leaf limit = " << n_leaf limit << std::endl;

break;

~TocoDo r
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break;

case 'l':
n_leaf _limit = atoi(optarg);
std::cerr << "n_leaf limit = " << n_leaf limit << std::endl;

break;

case 'n':
n_group limit = atoi(optarg);
std::cerr << "n_group_limit = " << n_group_limit << std::endl;
break;

case 'N':

n_tot = atoi(optarg);

std::cerr << "n_tot = " << n_tot << std::endl;
break;
case 'h':
if(PS::Comm: :getRank() == 8) {
printHelp();
}
PS::Finalize();
return 0,
default:

if(PS::Comm: :getRank() == 0) {
std: :cerr<<"No such option! Available options are here."<<std::endl;
printHelp();

}
PS::Abort();



PS::ParticleSystem<FPGrav> system_grav; @

system_grav.initialize(); /::E\z . :]IQ]JHHH_/;




PS::DomainInfo dinfo;
dinfo.initialize(coef ema);

dinfo.decomposeDomainAll(system _grav);

D
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system_grav.exchangeParticle(dinfo);



PS::TreeForForcelLong<FPGrav, FPGrav, FPGrav>::Monopole tree_grav;

tree_grav.initialize(n_tot, theta, n_leaf limit, n_group limit);
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tree_grav.calcForceAllAndWriteBack(CalcGravity<FPGrav>,
CalcGravity<PS: :SPJMonopole>,

system_grav,
dinfo);
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while(time_sys < time_end){
if( (time_sys >= time_snap) || ( (time_sys + dt) - time_snap ) > (time_snap - time_sys) ){
char filename[256];
sprintf(filename, "%s/%04d.dat", dir_name, id_snap++);
FileHeader header;
header.time = time_sys;
header.n_body = system_grav.getNumberOfParticleGlobal();
system_grav.writeParticleAscii(filename, header);
time_snap += dt_snap;

calcEnergy(system_grav, Etotl, Ekinl, Epotl);

if(PS::Comm::getRank() == 0){
if( (time_sys >= time diag) || ( (time_sys + dt) - time diag ) > (time diag - time_ sys)
fout_eng << time_sys << " " << (Etotl - Etot®) / Etot® << std::endl;
fprintf(stderr, "time: %¥10.7f energy error: %+e\n",
time_sys, (Etotl - Etot®) / Etote);
time_diag += dt_diag;

kick(system_grav, dt * 8.5);

time sys += dt:



kick(system_grav, dt * 8.5);

time sys += dt;
drift(system_grav, dt);

if(n_loop % 4 == 0){
dinfo.decomposeDomainAll(system_grav);
system_grav.exchangeParticle(dinfo);
tree_grav.calcForceAllAndWriteBack(CalcGravity<FPGrav>,
CalcGravity<PS: :SPJMonopole>,
system_grav,
dinfo);

kick(system_grav, dt * 0.5);

n_loop++;
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kick(system_grav, dt * 8.5);

time_sys += dt;
drift(system _grav, dt);

if(n _loop % 4 == 0){

dinfo.decomposeDomainAll(system_grav);

system_grav.exchangeParticle(dinfo);

tree_grav.calcForceAllAndWriteBack(CalcGravity<FPGrav>,
CalcGravity<PS: :SPJMonopole>,
system_grav,
dinfo);

kick(system_grav, dt * 9.5);

n_loop++;

#ifdef ENABLE_PHANTOM_GRAPE_X86

g5 close();
#endif

return 9;




kick(system_grav, dt * 8.5);

time_sys += dt;
drift(system _grav, dt);

if(n _loop % 4 == 0){
dinfo.decomposeDomainAll(system_grav);

system_grav.exchangeParticle(dinfo);

tree_grav.calcForceAllAndWriteBack(CalcGravity<FPGrav>,
CalcGravity<PS: :SPJMonopole>,
system_grav,
dinfo);

kick(system_grav, dt * 9.5);

n_loop++;

#ifdef ENABLE_PHANTOM_GRAPE_X86

g5 close();
#endif

PS::Finalize();
return 9;
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